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2. Intellectualization of electricity distribution networks with photovoltaic power plants and active electricity
consumers

Pedepar:

1. Inceprauiiina po6ora: 150 c., 33 puc., 3 gox., 106 mxepen. EJIEKTPVIYHI MEPEXI, BITHOBJIFOBAJIBHI
IDKEPEJIA EHEPTII, QOTOEJIEKTPUYHA CTAHILIIS, HECTABIJIBHICTD, CIIOCOBU PE3EPBYBAHHS, JIOKAJIbHA
EJIEKTPOEHEPTETUYHA CYICTEMA, Y3I'OIDKEHHS I'PA®IKIB, BTPATU ITOTY>KHOCTI, IHTEJEKTYAJIbHI
CHUCTEMMU. Iuceprauiiine noCiiIpKeHHs IIPUCBSIYEHE NOCIIIPKEHHIO Ta BUPILIEHHIO aKTyaJIbHOrO HAyKOBOI'O
3aBJaHHS, 110 MOJIAra€e B OOIPYHTYBAHHI METOiB MiABUIEHHS 6a71aHCOBOi HAaZliMHOCTI €JIEKTPUYHNX MEPEXK 3
BiJJHOBJIIOBAJIbHUMU JIK€pEJIaMU €HEPrii 3a paxyHOK BUKOPUCTAaHHS aKTUBHUX CIIO>KUBAYiB €JIEKTPOEHEPTii. Y
POOOTi 3aPOIIOHOBAHO PO3IJISIAATY €JIEKTPUYHY Mepexy 3i 3HauHOIo KisbkicTio BJJE B 6asaHci IOTY>XHOCTI Ta
€JIEKTPOEHEPTii 5K JIOKaJIbHY €JIeKTpoeHepreTudHy cuctemy (JIEC) 3 xapaktepHUMU NTpobeMamu. 30KpemMa 1ie
CTOCY€ETbCSI HECTAOIIbHOCTI FeHepYBaHHS BiTPOBUX i poToenexkTpuuHux ctanuiil (BEC, @EC), cTBopeHHs cucteMu

cI10co6iB i 3aco6iB pesepByBanHs BJE 115 HazitHOTrO i SIKICHOTO €J1eKTPOoIoCcTayaHHs, peryJlloBaHHS [TapaMeTpiB



eJIEKTPOEHePrii y BiAnoBigHOCTI 0 cTaHmapTiB, 3a6e3re4eHHs] caMOOpraHisaii i caMOBiTHOBIEHHS SIK HEOOXimHUX
enemeHTiB Smart Grid TexHOOTIH, TOIO. JIJIs1 OLiHFOBAaHHSI MOXKJIMBOCTI Ta €(eKTUBHOCTI CIIOCO6iB i 3aC06iB
pe3epBYBaHHS HECTA0IIbHOCTI reHepyBaHHs esiekTpoeHeprii BIE po3BuHeHO KpUTepiabHUI METO[, TEOPii
noi6HOCTI. 3 aHasi3y CriBpO3MiPHOCTI Ta YyTJIMBOCTI BiJJHOCHUX BUTPAT Ha MOJKJIABI CIIOCOOM Ta 3aCo6U
pe3epByBaHHs BJIE nokasaHo, 10 KpallMMU € BOGHEBI TEXHOJIOTIi Ta y3rogKeHHs rpa@ikiB reHepyBaHHS i
CIIOKMBaHH4 esiekTpoeHeprii B JIEC. B nepily yepry peKOMEHIyeTbCS BUKOPUCTATU MOXKJIMBOCTI y3romkeHHs B JIEC
rpa@ikiB reHepyBaHHS i CIIOXKUBAHHS eJIeKTpoeHeprii. Ha 3HaueHHs eleKTpoeHeprii, 10 3aIuIInIacs
He30a1aHCOBAHOIO MICJIsl TAKOTO Y3TO[KEeHHS, IJ15 TOBHOTO 6aJlaHCYBaHHS IOLIJIbHO BUKOPUCTATU BUPOOJIEHUI B
JIEC BogzeHb. [linTBEpIKyeThCS TE, 0 BUTPATU HA 1 KBT pe3epBHOI NOTYKHOCTI AJ1s BJIE 3 METOI0 KOMIIEHCYBaTH iX
HeCTabiNbHICTb TeHEPYBaHHS BiZlPi3HSI0THCS Yy TIMUBICTIO. SIKIO BIIPOBAIKYBATU 3aX0AU KOMIIEHC ALl
HeCTabiIbHOCTI BUpOO6eHHs enekTpoeHeprii BIIE noetanHo, TO AOLIILHO PO3NIOYATH 1ie 3 Halbinbl e(PEKTUBHUX i
MaJjIo 3aTpaTHUX. 3 aHaJi3y BUJHO, 10 TAKMMHU € y3roJKeHHs rpadikiB reHepyBaHHS i CIIOXKUBAHHS €J1I€KTPOEHEPTii
B JIEC Ta BopHeBi TexHoJiorii. TuM 6ifblile, 10 B €/IeKTPUYHUX Mepeskax BXKe € OCBiTl BUKOPUCTAHHS «aKTUBHUX
CIIO>KMBAUiB» 32 6araTocTaBoYHMMHU Tapudamu. 3i 30ibIIEeHHSIM KiJIbKOCTI esiekTpoeHeprii B 6ananci EEC,
Brpo6seHoi BJE, akTyaJbHUM € BU3HAYEHHSI BTPAT IOTYKHOCTI Ta €JIEKTPOEHEPrii B €JIEKTPUYHUX MepeXKax,
BUKJIMKAHUX MTepeToKaMu ejiekTpoeHeprii Bin B/IE. Po3po6ieHo MeTo i, aaropyuTMm i mporpama BU3HA4YEeHHS
CKJIaIOBOI BTpaT MOTYKHOCTI Ta eJieKTpoeHeprii Big BJIE y cyMapHuX BTpaTax €J€KTPUYHUX MEPEX. B OCHOBY
METO[ly IOKJIaIEHO MAaTEMAaTUYHY MOJI€JIb €JIEKTPUYHOI MepEeXi 1711 BU3HAYEHHSI BTPAT, B Kill BAKOPUCTOBYIOTbCSI
Koe(illieHTH po3Moiny CTPYMiB y BiTKax cxemu Bif, By3iiB 3 BIIE Ta By3s10Bi Hanpyru. B pesynbraTi popmyeTbest
MaTtpuls KoeilieHTiB po3Iofiny BTpaT MOTYXHOCTI Y BiTKax CXeMU B 3aJI€5KHOCTI Bif] [IOTY>KHOCTI y By3JIaX CXEMU.
Hanpyru nin 4ac popmyBaHHS MaTpulli pO3MOiay BTPaT BU3HAYAIOTLCS 32 Pe3yJIbTaTaMU PO3PaxXyHKy yCTaJIEHUX
PEXMMIB €JIEKTPUYHOI MepexXi abo 3a eKCIIepUMEHTAJIbHUMY JAHVMU BUMiDIOBaHHS. 3HAYE€HHs BTpPaT
€JIEKTPOEHEPTii B €JIEKTPUYHUX MepeXaX, BUKJIMKAaHUX B/IE, MOXXYTb BUKOPUCTOBYBATUCH IIiJ] 4aC ONEPATUBHOTO
nJ1aHyBaHHs 6anaHcy esekrpoeHeprii B EEC Ta, OCKijIbKY BOHU € aJlpeCHUMHU, TO BiJIIOBIAHO MOXXE KOMIIEHCYBaTUCS
ix BapTicTsb. B nanuit yac BIIE posnopomeni B EEC TeputopiaibHO, 10 YCKIAAHIOE POPMYBaHHS JIOKAJIbHUX
(micLieBUX) €JIEKTPOEHEPTreTUYHUX CUCTEM, SIKi, [TPALI0I0YY B HOPMaJIbHUX PeXXUMax napanensHo 3 EEC sk
OaslaHCyI0Ui rPyNH, B eKCTpeMasIbHUX BUIIQAKaX 3[JaTHI NpalloBaTy i30J1b0OBAaHO B aBTOHOMHOMY pesxkumi. [TpoTe
posnopouieHicTe BIE He no3Bossie epektrBHO popmyBaTu JIEC TakuM YMHOM, 106 BOHU 3a6€31e4yBajIu Ha
MOTPiOHOMY piBHI HaMiHICTh €JIEKTPONIOCTAaYaHHS CIIOKMBAUiB €JIeKTpOoeHeprii. B poboTi nponoHyeTbCs
interpyBatu BIIE B po3nopinbHi eniekTpuyHi Mmepexki y Burysiai okpemux microgrid (MG), sIKi € KyII090BOIO YaCTUHOIO
nepexony no JIEC 3 pyHkuionyBaHHsAM Ha npuHuunax SMART Grid. Micuesi MG okpim Jpkepes reHepyBaHHS i
CIIO>)KMBAUiB MAIOTbh TAKOX 3aCO0M HAaKOIIMYEHHS NI€BHOI KiJIbKOCTi eHeprii. [1y1s 3a6e31e4eHHs TeXHIKO-€KOHOMIYHOi
edextuBHOCTI MG 006'€IHYIOTbCS B iHTEJIEKTYaIbHY CUCTEMY KePYBaHHS, 110 103BOJIsIE OL/IbII PalliOHAIBHO
BHUKOPHUCTOBYBaTU pecypcu MG, eeKTUBHO B3a€MOISITU 3 PO3NOJiIbUOI0 MEPEXEIO i 3a11iITH MOXJINBOCTI
aKTUBHMX CIIO>KMBAUiB €JIEKTPOEHeEPTii B r1poleci 6anaHcyBaHHs pexxumy JIEC. B po6oTi 3anporioHOBaHO iepapxiyHy
CTPYKTYpY iHTenekryanbHoi cuctemu JIEC. CtpykrypoBaHi TakuM YuHOM JIEC 3 iHTe/IeKTyaJlbHUMU €JIEKTPUYHUMU
MepeskaM¥ MOXKYTb IIiJ 4ac 0OMe>XKeHHS LJeHTPasli30BaHOTO ejleKTpo3abesneyeHHs He BrpavyaTu BJIE, a B TOBHIN
Mipi BUKOPUCTATH iX IIepeBaru pa3om 3 CUCTeMaMU 306epiraHHs eHeprii [Jis HafliitHOTo eJIeKTPOIIOCTaYaHHs

CIIO>KMBayviB.

2. Ph.D. thesis: 150 p., 33 figures, 3 appendixes, 106 references. POWER GRIDS, RENEWABLE ENERGY SOURCES,
PHOTOVOLTAIC POWER PLANT, INSTABILITY, REDUNDANCY METHODS, LOCAL ELECTRIC POWER SYSTEM,
COORDINATION OF SCHEDULES, POWER LOSSES, INTELLIGENT SYSTEMS The dissertation study is devoted to
the research and solution of an urgent scientific task, which is based on substantiation of methods for improving
the balance reliability of power grids with renewable energy sources through the use of active electricity
consumers. The paper proposes to consider an electric grid with a significant amount of RES in the balance of
power and electricity as a local electric power system (LES) with characteristic problems. In particular, this
concerns the instability of generation of wind and photovoltaic power plants (WPPs, PVPs), the creation of a
system of ways and means of RES reservation for reliable and high-quality power supply, regulation of electricity



parameters in accordance with standards, ensuring self-organization and self-healing as necessary elements of
Smart Grid technologies, etc. For estimation the possibility and effectiveness of methods and means of redundancy
of RES electricity generation instability, the criterion method of similarity theory is developed. The analysis of the
proportionality and sensitivity of relative costs for possible methods and means of RES backup, it is shown that
hydrogen technologies and coordination of power generation and consumption schedules in power plants are
preferable. First of all, it is recommended using the possibilities of coordinating the schedules of electricity
generation and consumption in local electric power systems (LES). For the value of electricity that remains
unbalanced after such coordination, it is appropriate using the hydrogen produced in LES to fully balance it. It is
confirmed that costs per 1 kW of reserve capacity for RES to compensate for their generation instability is differed
in sensitive. If measures to compensate for the instability of RES electricity generation are implemented in stages,
it is advisable to start with the most effective and low-cost ones. The analysis shows that the coordination of
electricity generation and consumption schedules in power plants and hydrogen technologies is one of these
methods. Moreover, experience in using “active consumers” at multi-rate tariffs have already existed in power
grids. With increasing the amount of electricity generated by RES in the balance of the power system, the
determination the power and electricity losses in power grids caused by electricity flows from RES is important. A
method, algorithm, and program for determining the component of power and electricity losses from RES in the
total losses of electric power grids have been developed. The method is based on a mathematical model of an
electric network for determining losses, which uses the coefficients of current distribution in the branches of the
circuit from RES nodes and nodal voltages. As a result, a matrix of power loss distribution coefficients in the
branches of the circuit depending on the power in the circuit nodes is formed. The voltages used to form the loss
distribution matrix are determined based on the results of calculating the steady-state modes of the power grid or
on experimental measurement data. The values of electricity losses in power grids caused by RES can be used in
the operational planning of the electricity balance in the EPS and, since they are targeted, their cost can be
compensated accordingly. At present, RES are geographically dispersed in the UPS, which complicates the
formation of local power systems, which, while operating in normal modes in parallel with the UPS as balancing
groups, can operate in isolation in an autonomous mode in extreme cases. However, the distraction of RES does
not allow for the effective formation of local electric power system (LES) in such a way that they ensure the
required level of reliability of power supply to electricity consumers. The dissertation proposes to integrate RES
into distribution power grids in the form of separate microgrid (MG), which is a key part of the transition to a local
electric power system (LES) operating on the principles of SMART Grid. Local MGs, in addition to generation
sources and consumers, also have the means to accumulate a certain amount of energy. To ensure the technical
and economic efficiency, MGs are combined into an intelligent control system that allows for more rational use of
MG resources, effective interaction with the distribution network, and the use of active electricity consumers in
the process of balancing the power system mode. The hierarchical structure of the intellectual system of local
electric power system (LES) is proposed in the dissertation. Thus, structured LES with smart grids during the
limitation of centralized power supply can'’t lose renewable energy sources but fully utilize their advantages togeth.
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