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Knenau JI.€. KepyBaHHS €JIEKTPOCIIOKHBAHHIM 3a BapTICHUM KPHUTEPIEM B
MicroGrid. - Keamigikariiiina HaykoBa mpallsi Ha mpaBax pyKOIIHCY.

Juceprariisi Ha 3100yTTSl HAYKOBOTO CTYIEHs TOKTOopa (inocodii 3 ramysi 3HaHb
Enextponika Ta TeaekoMyHikarlii 3a cremianpHicTio 171 Enexrponika. Harionansauit
TEeXHIYHUI yHIBepcuTeT YKpaiHu «KHiBChKUIl MOMITEXHIYHUNA THCTUTYT iMeH1 Irops
Cikopcskoro», Kuis, 2020.

PO3BUTOK BIJIHOBIIOBAHOI €JIEKTPOCHEPTeTUKM € OJHUM 3 TPIOPUTETIB
CHEPreTUYHOI MOJITUKKM YKpaiHu - e mnependadae "HamioHanbHWI TiaH Aid 3
BIJIHOBIIOBaHOI eHepreTuku a0 2020 poky". IlepeopieHTaniss IpUHIUIIB B €HEPTEeTHIII
JOKAIBHUX 00’ €KTIB CTalIa OCHOBOIO MOsIBH HOBO1 KoHIemii MicroGrid. Lle konmeniis
MOBHICTIO IHTETPOBAHOT, CaMOpPETYIIOKY01 1 CaMOBI1THOBJIFOBAJIbHO1
CJIEKTPOCHEPTETUYHOT CUCTEMH, 10 Ma€ MEPEKEeBY TOMOJIOTiIO 1 BKIOYae B cebe
reHepyroul JDKepena, po3MoAUIbHI MEpexXi 1 CIOXKUBAUIB E€JIEKTPUYHOI €HEprii, 0
KEepYIOThCA €UHOI0 1H(HOPMAIIHHOIO CUCTEMOIO B PEXKHUMI PEATbHOTO Yacy.

Konneniiis eHepreTuyHoi cucTeMu, IMoOymoBaHoi Ha mpuHIMNax MicroGrid,
MOJIITa€ Y TOMY, 110 BOHA NE€peae He TUIbKU €HEeprito, ajie i iHpopMalio. Y HpomMy
BUIIAJIKY CIIOKMBAY, KpIM €Heprii, OTpUMYy€E psAJl MOKIUBOCTEH IMPO B3AEMOJII0 3
E€HEProCUCTEMOI0, 30KpeMa MOKE OUIbIl THY4YKO BUOUpaTH Tapudu, IJIaHyBaTH
€HEProCHOKUBAaHHA 1, SIK HACHIIOK, 3HWKYBaTH BUTPATH Ha eleKTpoeHeprio. Tomy
MicroGrid € 3pydHoro miuaTdopmoro s BIAMpAIIOBAaHHS Ta peaizalli nepemadi
enexkTpoeHeprii. EnexTpuuHa eHepris BiJl BIJHOBIIOBAHMI HKEPENT EJICKTPOCHEPTii
(BJE) reHepyeTbes, CIIOKUBAETHCS 1 MA€ BJIACHY BapTICTh B 3aJICKHOCTI BiJl THITY
JoKepenia, SAKICTh eHeprii 1 OCOOJMBOCTI TMOTOKIB  €HEprii IUPKYJSIii B
CJICKTPOTEXHIYHUX CHUCTEMaX 1 KOMILIEKCIB - BiJl MPUBATHOTO JOMOTOCIIOAApCTBA JI0
MicroGrid, Smart Grid, eHepreTHyHOi YCTaHOBKHM 1 BEIHMKOI T€HEPYHOYOi CTaHIIIi.
Takum 4MHOM, €JIEKTPUYHA EHEPTisl MOXKE PO3IIISIIATUCS SIK TOBAp HA PUHKY. I, sk jyist

OyIb-SIKOrO BUJly TOBapy, HEOOX1HO PO3TJISIHYTH TPU ACHEKTH TOBApy: 3aKOHOAABUY



0a3y, eKOHOMIYHY IOLUIBHICTh Ta TEXHIUHY peali3allilo mepenayi eJeKTPOeHEePTii.
CaMe TOMy pO3IJIsAJ PI3HUX B3a€MOTMOB'SI3aHUX ACTEKTIB Mepenadi eIeKTPOeHeprii €
JIOCUTh aKTyaJIbHUM 3aBJaHHSIM.

Cucremy enekTpoxuBiaeHHs Mepexi MicroGrid MokHa po3TIISIIaTh SIK PUHKOBHIMA
MalJJaHYMK, B MEXaX SIKOTO 3/IIMCHIOETHCS TIEPEPO3MOALT MOTOKIB enekTpoeHeprii. [1o
B1IHOILICHHIO JI0 30BHIITHLOT Mepeski )KuBjIeHHS MicroGrid BUCTyIae € TMHUM OJIOKOM,
IO CHOXHUBAE €JeKTpOoeHeprito, a 3a HasBHOCTI BJIE — reHepye HaJIUIIOK
CJIEKTPOCHEPT1i Yy MepexKy, SKIIO Taka MOXIMBICTh TNependadeHa TEXHIYHO Ta
oprasizauiifHo. fIK 1 IHIIUH TOBAp €IEKTPOEHEPTIs XapaKTepU3y€EThCI €KOHOMIYHUMH,
PaBOBUMHU Ta TEXHIYHUMHU acleKTamHu CBOro (yHKIioHyBaHHs. [IpaBoBI acnekTu
OIKCYIOTh PErYJIIOBaHHS PUHKY €HEPreTUKHU B YKpaiHi HOpPMaTUBHUMU JIOKYMEHTAMHU.
EKOHOMIUHI acMeKTH MICTATh €KOHOMIYHI MOl HaBaHTaKE€Hb Ta IeHEepaTopiB, a
TaK0>)X METOJU ILIHOYTBOPEHHS €JeKTpoeHeprii. TexHIUHl acleKTH perjaMeHTYIOTh
CXEMHY peai3alliro 311ICHEHHS MOXKJIMBOCTI IM1]1°‘ € JHAHHS aJIbTEPHATUBHUX JIKEPE 10
3arajbHOI Mepexl 13 3a0e3MEeUeHHSIM 3a/1aHOl SKOCTI €JIEKTPOCHEprii Ta HaaliHOCTI
OCTayaHHS.

BnpoBamxennss npunuumiB  MicroGrid HeMoxinBe ©0€3 BUKOPUCTaHHS
MPUCTPOIB CUIIOBOT €JIEKTPOHIKH. 3aCTOCYBaHHS JaHUX MPUCTPOIB B IHTEIEKTYyaTbHUX
MepeXax € JIOCUTh IIUPOKMM 1 OXOIUTIOE CHCTEMH PO3MOJAUICHOT TeHepallli, 110
00’€THYIOTh MEPEKEBOI CTPYKTYpOIO T'E€HEpPYHUl YCTAaHOBKH 3 BIJHOBIIOBAHUMH
JUKEpeNlaMy  €JICKTpOEHEepTii, Hakomu4yBadi eHeprii Ta croxuBayiB. OnHielo 3
OCHOBHUX BHUMOT TMpPHU JOKAJILHOMY BIPOBAKCHI IMEPETBOPIOBAILHUX CHCTEM B
IHTENEeKTyallbHI ~ MEpexXl €  MIJABUIIEHHS  E€HEproeeKTUBHOCTI  CHCTEMH
€JIEKTPOTIOCTAYaHHS.

Posrnsnyro aBa Bapianta MicroGrid: 3 mepexero Ta 6e3 Mmepexi. «Island»
MicroGrid sBistiroTh COO00I0 aBTOHOMHI CHCTEMH €ICKTPOXKHBJIEHHS, MK COOOIO
TPAJAMIIIITHOI0 KOMYHAJIBHOIO MEPEXKEI0. 3TiJHO 3 HEMIOJaBHO OMyOJIiKOBAaHUMHU

pe3yJbTatamMu JOoCaipkeHb 3a nporpamoro Microgrid Deployment Tracker 2Q19,



npoBefeHMME KommaHiero Navigant Research, B 10 kareropito motparuisie OJU3bKO
41% Bcroro cBitoBoro puHky Microgrid. CucreMu Tumy aWjIeHA UIUPOKO
PO3IMOBCIO/IKEHI B MPOMHUCIOBO PO3BUHEHUX KpaiHaX, 10 YacTO 3a3HAIOTh BIUIUBY
CTUXIMHOTO JINXa, MAIOTh TepeciueHnid JanamadT abo OCTpiBHE po3TalTyBaHHS, IO
YCKJIQJHIOE 3aCTOCYBaHHSA TPAAUIINHUX pillleHb 3 eHepromoctadaHHsa. JIis Takux
cucteM MicroGrid 3 anbTepHATUBHUMHU Ta BIJHOBIIOBAJILHUMU JKEpeIaMu eHeprii
OCOOJIMBO aKTyaJIbHHM € TIONIYK MUISXIB MIABUINEHHS BapTICHOI Ta €KOHOMIYHOI
e¢(DeKTUBHOCTI BUKOPHUCTAHHS EHEPropecypciB 13 OJIHOYACHUM 30epeKeHHIM
HEOOXITHUX MapaMeTpPiB AKOCTI €IEKTPUYHOI EHEprii.

KepyBanua cknagoBumu enemeHramu  MicroGrid — reHeparopamu Ta
HaBaHTa)XCHHAMU — Ma€ 3/1MCHIOBATHUCS BIAMOBIJHO JIO0 MOCTABIEHOI €KCTPEMaIbHOI
3a/a4l 13 3aJJaHUM BapTICHUM KpPUTEPIEM €(PEKTUBHOCTI 3 YpaxXyBaHHSAM OOMEKEHb.
[Tpu upomy nonepeaHbO HEOOX1THO BUPILIUTH 3a/1a4l IPOTHO3YBaHHS CIOXKUBAaHHS Ta
re’epailii eHeprii Ta BU3HAYUTH JIOKAJbHI «YMOBHID» Tapu(u Ha €JIEKTPOEHEPTIIO Bij
BJIE (consiuHux maHesneH, BITpOreHepaTopiB, TOIIO) /1Jisi 3a0€3MeUeHHs] BHYTPIIIIHLOTO
OayraHCy BapTICHUX MOKA3HUKIB ailieHA-cUcTeM. BUXiqHUMU TaHUMU TSI aITOPUTMIB
kepyBaHHa MicroGrid, KpiM KIJIbKOCTI T€HEpaTOPIB, HABAHTAKEHb Ta XapaKTEPUCTHUK
iX peXUMIB, € IPOTHO3 CIIOKWBaHHS/TeHEpallii Ha TIEBHUH IepioJ] (Hampukiazi, 100Yy)
Ta BapTICTh €JIEKTpOeHeprii (cTaTuyHa ab0 MWHaMivHA). 3a3HAYUMO, 1110 MPOTHO3HI
JaHl MOCTIMHO KOPUTYIOTHCA Yy BIAMOBIAHOCTI 3 BHUMIPSIHUMH Y pEalbHOMY 4aci
3HAYCHHSIMH.

[Tpu moOyA0B1 aNrOpUTMIB KEPYBAHHS PEKMMaMU HaBaHTAXKEHb Ta T€HEPaTOPIB,
K1 320€3Meuy0Th MaKCUMI3AIli0 OJIHI€T 3 3aJJaHUX BEJIMYMH (HAMPUKIIAJl, TOTYKHOCTI
gy npuOyTKy) a00 MiHIMIZaIilo (HANpUKIAJ, BUTPAT) 3 ypaxXyBaHHAM OOMEXKCHbD,
BUKOPHCTOBYIOTBCSI MaT€MaTH4YHI METOAMW 3HAXO/KCHHS YMOBHOIO JIOKaJTbHOTO
excTpemymy. HalimonmynspHIMMH 3 HUX € METOJ 30JI0TOro Mepepizy, MeTo.
HeroToHa (Hagam po3BUHYTHH y METOJ XOpPHa), METOJ HEBU3HAYECHUX KOEPIIIE€HTIB

Jlarpamxa, cumriuiekc-meTon. JJisi BUpIIIEHHS 3a/Jadi MakcHUMizailii oOpaHo MeTo.



HEBU3HaueHNX Koe(iuieHTiB Jlarpamxka, AKuil 1ae TOYHUN PO3B’SA30K Ta MPAIIOE 3
BHUpazaMu Oyab-sIKOTO TOpAIKY. BiH 103BOJIsi€e 3BECTH 3aJady Ha BiANIYKaHHS
YMOBHOTO €KCTpEMYMY (EKCTpEMYMY MPHU 3aJaHUX YMOBAX) 710 3a]1a4l Ha 3HAXOI>KCHHSI
0€3yMOBHOT'0 EKCTPEMYMY.

Cucremu kepyBanHsi B MicroGrid sBIsIIOTE 00010 1H(OpMAaIIHHO-YTIpaBIIAIOYi
CUCTEMH, 10 3a0e3MedyloTh KOOPJAWHOBAHE  YIPaBIiHHSA  PO3MOJALUICHUMU
eHepropecypcamu, 3aco0aMu yIpaBIiHHS PEKUMOM 1 KOHDITypaIli€ro Mepexi, a TAKOXK
JIOKaTbHUMHU KOMILJIEKCAMH YIIPaBJIiHHS HaBaHTaKEHHSIM. Taki CUCTEeMU MOXKYTh
BCTAHOBJIIOBATHUCH SIK IEHTPAII30BaHO (HA CEpBEPI 3 MOMKIMBICTIO PE3EPBYBaHHS) 1 B
JTUCIIETYEPCHKOMY IYHKTI Ta 3a0e3neuye [eHTpali30BaHuil BaplaHT KepyBaHHs), TakK 1
JOKaJIbHO (JIOKAJIbHUM KOHTPOJIEP BCTAHOBJIIOETHCS HAa OAHOMY alO0 JEKUIbKOX
KOHTpoJIepax, OJIM3bKO /10 MICIlb YCTAHOBKHU CUJIOBOTO O0OJIaJHAHHSI, 13 3a0€3MEYEHHAM
MOXKJTMBOCTI JUCTAHIIHOTO MOHITOPHUHTY).

Ockinbku enemeHTH cucteMu MicroGrid sik mpaBHJIo PO3HECEH] Y IPOCTOPI, Ma€
CCHC BUKOPUCTOBYBATH IS iX 3Bs3Ky Oe3npoToBi TexHojorii. OOpano ZigBee
TEXHOJIOT1IO.

VY 3aranpHOMYy BUINAJAKy cucrtemMa kepyBaHHsS MicroGrid 3a Mae BUIIs
1€epapXidHOi CTPYKTYpH, JI€ KOXXCH pIBEHb OIIMCYE CTaH CHUCTEMH Ha IICBHOMY
a0CTpakTHOMY pPiBHI 00poOKku naHmX. [[aHi piBHI JOMOBHIOIOTH OJIMH OJHOTO, YHM
3a0e3reuyeThcsl iX HecynepewimBicTb. Dopmaniizaiiss AaHUX J1a€ MOXJIHUBICTD
MIHIMI3yBaTH 00CAT OOYMCIICHb, HEOOXITHUX JJIsi (POPMYBAHHS KEPYIOUMX BILIUBIB, 1
3MIMCHUTH JEKOMITO3UIIII0 KEPYBaHHS MO PI3HUX PIBHSX 1€papXii.

EdexTuBHICTE pOOOTH CHCTEM KEPYBaHHS C BAPTICHUM KPUTEPIEM 3AJIEKUTH BT
SKOCTI BUXIJIHOT HaNpyrd, TOMY aKTyaJIbHOIO € 3a/laya MiATPUMKH ii mapamerpiB y
3aJlaHOMYy J1ana3oHi Ta 3a0e3MeyeHHs poOOTH MEePETBOPIOBAYIB Y BIJAMOBIIHOCTI 110
BHUMOT III0JI0 BUXITHOTO CIIEKTPa HANIPYTH Ta OOMEXKEHHS PIBHS TApPMOHIK.

Omxke, cuctemu 3 BJIE mnorpeOyoTh poO3poOKH METOIB  IIiJIBUIICHHS

e(EeKTUBHOCTI BUTpAT EHEPrOpecypciB 13 30€peKeHHSIM HEOOXIHUX IapaMeTpiB



SAKOCTI eNeKTpuuHoi eHeprii. Tomy akTyanpHOIO € 3ajada pO3pPOOKHM METO/IB
kepyBaHHs enemeHTamMu MicroGrid (reHepaTopaMul Ta HABAaHTKCHHSIMH ).

I Tomy, po3poOka crmocoOiB Ta CHUCTEM KEpyBaHHS €JIEKTPOCIOKaBaHHS 3a
BapTicHUM KkputepieM B MicroGrid, siki 3a0e3neuyioTh €QEeKTUBHE BUKOPHCTAHHS
HassBHOI €HEprii Ta MIHIMI3YIOTh I[IHY Ha JaHy eJeKTPOCHEPrilo, € aKTyaJbHOIO
HAyKOBO-TIPUKIIAJTHOIO MPOOJIEMOI0, sIKa BH3HAYWIA HaOpsM JAUCEPTallIfHOIO
JOCT1IKEHHSI.

Jucepraiiisi nmpucBsueHa po3poOili CUCTEMU KEPYBaHHS €JEKTPOCTIOKMBAHHSM B
MicroGrid, a came NpPOTHO3yBaHHIO CIIOKMBAaHHA Ta TIEHepalli eJIeKTPOeHEepTii,
BU3HAYECHHS YMOB JIOKaJbHOrO OajlaHCy BapTICHUX IIOKA3HUKIB Ta ONTHUMI3alli
Jlarpanxka nans chOpMOBaHMX MaTEMaTUYHUX PIBHAHb MakKCuUMI3allii TpHOyTKY
cuctemu B MicroGrid, a Takok onTHUMI3allii 32 KpUTEPIIMU MIHIMI3al[li BUTPAT HA JaHy
esniekTpoeHeprito. Lle 103Bosie BUKOPUCTOBYBATH €HEPTito O1IbI €(h)eKTUBHO, @ TAKOXK
3MEHIIUTHA BUTPATH HA EJIEKTPOCHEPTIIO JJI CIIOKUBayva.

Kuarouosi caoBa: MicroGrid, kepyBaHHS €JIEKTPOCIOKUBAHHSAM, BapTICHUI
KpUTEpil, MPOTHO3YBaHHA CIIOKMBAHHS Ta TreHeparii enekrpoeneprii, THD,
OararopiBHEBHUH 1HBEPTOP.
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SUMMARY
Klepach L. Managing power consumption on cost criteria in MicroGrid. -

Qualifying scientific work, the manuscript.
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The development of renewable electricity is one of the priorities of Ukraine's
energy policy - it is envisaged by the "National Renewable Energy Action Plan for
2020". The reorientation of local energy principles has become the basis for the
emergence of the new MicroGrid concept. It is a concept of a fully integrated, self-
regulating and self-renewing electricity system that has a network topology and
includes generating sources, distribution networks, and consumers of electricity
managed by a single, real-time information system.

The concept of an energy system based on the principles of MicroGrid is that it
transmits not only energy but also information. In this case, the consumer, in addition
to energy, gets a number of opportunities to interact with the energy system, in
particular, can more flexibly choose tariffs, plan energy consumption and,
consequently, reduce electricity costs. Therefore, MicroGrid is a convenient platform
for testing and implementation of electricity transmission. Electricity from renewable
energy sources (RES) is generated, consumed and has its own cost depending on the
type of source, energy quality and features of circulating energy flows in electrical
systems and complexes - from private household to MicroGrid, Smart Grid, power plant
and large generating plant . Thus, electricity can be considered as a commodity in the
market. And, as for any type of product, it is necessary to consider three aspects of the
product: the legal framework, economic feasibility and technical implementation of
electricity transmission. That is why consideration of various interrelated aspects of
electricity transmission is a very important task.

The MicroGrid power supply system can be considered as a marketplace within
which the redistribution of electricity flows is carried out. In relation to the external
power supply, MicroGrid is the only unit that consumes electricity, and in the presence

of RES - generates excess electricity to the grid, if such a possibility is provided



technically and organizationally. Like other goods, electricity is characterized by
economic, legal and technical aspects of its operation. Legal aspects describe the
regulation of the energy market in Ukraine by regulations. Economic aspects include
economic models of loads and generators, as well as methods of electricity pricing. The
technical aspects regulate the circuit implementation of the possibility of connecting
alternative sources to the general network with the provision of a given quality of
electricity and security of supply.

It is impossible to implement MicroGrid without the use of power electronics
devices. The use of these devices in smart grids is quite wide and covers distributed
generation systems that integrate grid structures with renewable energy sources, energy
stores and consumers. One of the main requirements for the local implementation of
conversion systems in smart grids is to increase the energy efficiency of the electricity
supply system.

Two variants of MicroGrid are considered: with a network and without a network.
"Island" MicroGrid are autonomous power supply systems, among themselves a
traditional utility network. According to a recent study by Microgrid Deployment
Tracker 2Q19 conducted by Navigant Research, this category includes about 41% of
the global Microgrid market. Island-type systems are widespread in industrialized
countries, which are often affected by natural disasters, have a rugged landscape or
island location, which complicates the application of traditional energy solutions. For
such MicroGrid systems with alternative and renewable energy sources, it is especially
important to find ways to increase the cost and cost-effectiveness of energy use while
maintaining the necessary parameters of electricity quality.

Management of MicroGrid components - generators and loads - must be carried
out in accordance with the set extreme task with a given cost criterion of efficiency,
taking into account the limitations. At the same time, it is necessary to solve the
problems of forecasting energy consumption and generation and determine local

"conditional™ tariffs for electricity from RES (solar panels, wind turbines, etc.) to ensure



the internal balance of cost indicators of island systems. The initial data for MicroGrid
control algorithms, in addition to the number of generators, loads and characteristics of
their modes, are the forecast of consumption / generation for a certain period (eg, day)
and the cost of electricity (static or dynamic). Note that the forecast data is constantly
adjusted in accordance with the values measured in real time.

When constructing load control modes and generators that maximize one of the
specified values (eg, power or profit) or minimize (eg, costs) subject to constraints,
mathematical methods are used to find the conditional local extremum. The most
popular of them are: the golden section method, Newton's method (further developed
into the chord method), the method of indeterminate Lagrange coefficients, the simplex
method. To solve the maximization problem, the method of indefinite Lagrange
coefficients is chosen, which gives an exact solution and works with expressions of any
order. It allows you to reduce the problem of finding a conditional extremum
(extremum under given conditions) to the problem of finding an unconditional
extremum.

Control systems in MicroGrid are information and control systems that provide
coordinated management of distributed energy resources, means of controlling the
mode and configuration of the network, as well as local load management systems.
Such systems can be installed both centrally (on a server with the possibility of
redundancy) and in the control room and provides a centralized control option) and
locally (local controller is installed on one or more controllers, close to the installation
of power equipment, with remote monitoring) .

Because the elements of the MicroGrid system are usually spaced apart, it makes
sense to use wireless technology to connect them. ZigBee technology selected.

In the general case, the MicroGrid control system has the form of a hierarchical
structure, where each level describes the state of the system at a certain abstract level
of data processing. These levels complement each other, which ensures their

consistency. Formalization of data makes it possible to minimize the amount of



computation required for the formation of control effects, and to carry out the
decomposition of control at different levels of the hierarchy.

The efficiency of control systems with a cost criterion depends on the quality of
the output voltage, so it is important to maintain its parameters in a given range and
ensure the operation of the converters in accordance with the requirements for the
output voltage spectrum and limit the level of harmonics.

Therefore, RES systems require the development of methods to increase energy
efficiency while maintaining the necessary parameters of electricity quality. Therefore,
the task of developing methods for managing MicroGrid elements (generators and
loads) is urgent.

Therefore, the development of methods and control systems for electricity
consumption according to the cost criterion in MicroGrid, which ensure efficient use of
available energy and minimize the price of this electricity, is an urgent scientific and
applied problem that has determined the direction of the dissertation research.

The dissertation is devoted to the development of power management system in
MicroGrid, namely forecasting of consumption and generation of electricity,
determination of conditions of local balance of cost indicators and Lagrange
optimization for formed mathematical equations of maximization of system profit in
MicroGrid, and also optimization on criteria of minimization of expenses for this
electricity. This allows you to use energy more efficiently, as well as reduce energy
costs for the consumer.
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