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MODELING OF COMPATIBLE WORK OF DISTRIBUTED POWER SOURCES
OF ELECTRIC POWER AND CENTRALISED POWER SUPPLY

Urgency of the research. Current trends of distributed generation development in Ukraine indicate a rapid generation
increase from renewable energy plants. Most developed countries gradually refuse from the fossil fuels use and invest more
and more to the “green” energy. Therefore, there is a need for a detailed study of the operation conditions of distributed
energy sources due to their instability, as well as the processes that arise in distribution electric networks with diverse types
of distributed energy sources.

Target setting. In the producing process of power energy by distributed energy sources due to the increase in their
number, there are situations where several renewable sources of energy operate to only one system of buses. Thus, such dis-
tributive networks acquire the features of a local power system, which complicates the control process of such systems, and
also there is a problem with the electricity supply of consumers.

Actual scientific researches and issues analysis. The analysis of publications suggests that in literature more attention
is paid to studying the operating modes of solar power plants, or small hydroelectric power plants. However, almost no at-
tention was paid to the study of their co-operation work.

Uninvestigated parts of general matters defining. Only a few works are devoted to the study of the co-operation of the
diverce sources of distributed energy sources in the local electrical systems. That is why, their impact on power distribution
networks and on the grid in general has not been studied extensively.

The research objective. In this article was considered the influence of asynchronous generators on small hydroelectric
power plants on the operation modes of distribution electrical networks, and were investigated the processes that are occur-
ring in local power systems with different types of distributed energy sources.

The statement of basic materials. Based on the research results, was developed a computer model of a such system in
the PS CAD software environment. Two solar stations and one small hydroelectric power station with an asynchronous gen-
erator were connected to the power supply. It was shown the simulation of two modes of operation: a joint operation of a
small hydroelectric power station, two solar power stations and a power supply center; a joint operation of a small hydroe-
lectric power plant, two solar power stations and a power supply disconnected.

Conclusions. As a result of computer simulation, it is shown that by switching on a small hydroelectric power plant with
an asynchronous generator in the case of an emergency shutdown of centralized power supply, it is possible to restore the
work of solar power plants, and thus partially or completely restore the power supply of consumers.

Keywords: local electrical systems; distributed energy sources;, PS CAD; power supply.
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Urgency of the research. In the 21% century, energy consumption and environmental pol-
lution caused by traditional power plants have become an important problem, resulting in cli-
mate change in the world. And the adverse natural and man-made effects of conventional en-
ergy contribute to the transition to renewable energy sources. The policy for increasing the
share of electricity from non-traditional energy sources in European countries by 2020 is as
follows: Latvia plans to increase the indicator to 42 %, Finland — to 38 %, Great Britain — to
15 %, Poland — 15 %, Slovakia — 14 %, Hungary — 13 %, etc.

For example, the Swedish government announced in 2015 that it plans to abandon the use
of fossil fuels to become the world's first non-fossil fuel state. In the budget submitted for
consideration to the government, almost $1 billion was reserved for the installation of «green
infrastructure» — solar panels and wind power plants. Costs for research were provided too —
including ones for improving the ways of storing electricity. Iceland, already provides itself
with renewable energy by almost 100 %. This result has been achieved thanks to large-scale
investments in hydropower and the production of geothermal energy. Germany plans to
provide about 80 % of the energy needed from renewable sources by 2050. According to the
UN, by the middle of the century it will be possible to provide more than half of human
energy needs at the expense of renewable sources. The use of renewable energy sources is one
of the most important directions of Ukraine's energy policy. Due to this direction, the
country's traditional fuel and energy resources are saved.

Target setting. In the last decade there has been a sharp increase in the generation
capacity of distributed energy sources. Their parallel operation with the power system causes
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a some problems, when several renewable energy sources work on only one system of buses,
forming a local power system. This leads to significant problems with consumer supply.

Actual scientific researches and issues analysis. Analyzing the experience of foreign
countries, the peculiarities of the climate and the geographical location of the Vinnytsia
region, we came to the conclusion that it is advisable to use alternative sources of electricity
such as water and sun. Vinnytsya region takes the leading position in the development of RES
in distribution networks. The increase in their number leads to situations when several RES
operate on one system of buses. Thus, such distributive networks acquire the features of a
local power system (LPS).

Uninvestigated parts of general matters defining. In view of the fact that in most of the
scientific papers in this area almost no attention is paid to the study of the co-operation of
distributed energy sources generation in local electrical systems, then there is a need to
investigate in detail the influence of such sources to the distributive power network [1-3].

The research objective. In order to study the processes occurring in distributed electric
networks with different types of distributed energy sources, a computer model of such an LPS
in the software environment PS CAD (Power System Simulation) was developed.

An analysis of foreign sources suggests that this software environment is widely used to
simulate the operation of power grids in which distributed energy sources are exploited. PS
CAD is a fast, accurate and simple tool for simulating power systems and power electronic
converters when designing, analyzing, optimizing and verifying them. The PS CAD program
offers a wide range of tools and a large library of components for detailed analysis of
electrical equipment [4-6].

The statement of basic materials. Let's consider a model of a local electrical system,
when two solar power plants (SPP) and one small hydroelectric power plant (SHPP) with an
asynchronous generator (AG) are connected to one feeder (Fig. 1).
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Fig. 1. Model of local 10/0.4 kV electric system

Under this scheme a model of 10/0.4 kV LPS was designed in software complex PSCAD.
Computer model of the local electrical system contains 150 kW SHPP, two 2 MW SPP (SPP
model diagram is shown in Fig. 2), five transmission lines for power consumers, the battery of
static capacitors (BSC) to compensate reactive power (Fig. 3).
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Fig. 2. Schematic diagram of the SPP with PI controller in PS CAD

The two modes of operation were simulated:

1) joint work of the SHPP, two SPPs and centralized power supply;

2) the joint work of the SHPP, two SPPs with the disconnected centralized power supply.

The simulation results are given in Table.

For the purpose of studying the influence of distributed power sources on load and voltage
of 0.4 kV buses, simulation of the mode of joint operation of the SHPP, SPP;, SPP, and
centralized power supply was carried out.

When the centralized power supply is disconnected, we run SHPP with asynchronous
generator, from which the voltage is applied to solar power inverters and runs SPP; SPP»
restoring the power supply for consumers.

Table
Simulation results of modes
Ne System | SPP: | SPP; SHPP Load Notes
experiment P P P P P
1. 1,556
2. 0984 ith centralized r
1. 0335 | 1,975 | 2,033 | 0,200 3. 1,403 With centra 1zed powe
4. 0,170 supply
Y =4,113
1. 1,478
) i 2008 | 1.986 0.159 ; (1)’4912‘21 without centralized power
' ’ ’ ’ 4. 0212 supply
S = 4,106
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Fig. 3. Schematic computer model of 10/0.4 kV LPS in PS CAD
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Conclusions. Consequently, by switching on a small hydroelectric power plant with an
asynchronous generator in the case of an emergency shutdown of centralized power supply, it
is possible to restore the work of solar power plants, and thus partially or completely restore
the power supply of consumers.
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MOJEJIOBAHHS CYMICHOI POBOTH PO30OCEPE)KEHUX JI’KEPE.JI
EJEKTPOEHEPTIi TA IIEHTPAJII30OBAHOI'O EJJEKTPOIIOCTAYAHHS

Axmyanvnicme memu docnioncenns. Cyuacui meHoeHyii po3gUMKY po30cepeodiceHo2o 2enepy8ants 6 Ykpaini ceio-
4amov Npo cMpiMKe 3pOCMAHHS 2EHEPOBAHUX NOMYIHCHOCIEN eLeKMPUYHUMU CIMAHYIAMU, SKI BUKOPUCMOBYIOMb GIOHOBTIO8A-
Hy enepeito. Binbuiicmos pozeurnenux Kpain nocmynogo iOMOoSIsI0mMbCs 610 UKOPUCIMAHHS BUKONHO20 NALUEA Ma éce Oiibuie
KOWmi6 iH8eCmyiombs y «3elienyy eHepeemuky. Tomy € nompeba 0emanvHo20 00CHIONCEHHS Y MO8 POOOMU PO30OCEPEONCEHUX
Ooicepen 2eHepy8anta yepes iXHio HecmabilibHICMb, A MAKOX’C NPOYecis, Wo SUHUKAIOMb ) PO3NOOLIbHUX eLeKMPUYHUX Me-
pedicax i3 pisHOMUNHUMU PO30CEPEOHCEHUMU DAHCEPENAMU eHeP2Ii.

Ilocmanoeka npoonemu. Y npoyeci supobHUYMEa enekmpuytol eHepeii 0Aceperami Po30CepedNCeHoc0 2eHepy8aHHsl 8
36 'S13KY 31 3DOCMAHHAM IX KIIbKOCI BUHUKAIOMb CUMYayill, KO OeKIIbKA 8IOHOBIOBAHUX 0dicepell eHepeii npayioioms auuie Ha
00ny cucmemy wiuH. Takum YuUHOM, Maxi po3nooLbHi Mepedici HabyB8aromy PUcC TOKATbHOL eNeKMpOECHEPLeMUYHOL CUCTeMU, U0
VCKIIAOHIOE NPOYeC KepyBanHs MAKUMU CUCTNEMAMU, a MAKONIC GUHUKAE NPOOIeMA 3 e1eKIMPONOCMAYAHHAM CHONCUBAYIE.
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Ananiz ocmannix oocnioxcens i nyonikauii. Ananiz nyonikayiti ceiouums npo me, wjo 8 IimepamypHux 0xcepenax oinvuie
yeaeu npuodiifaeEmovcs abo 00CTIONCEHHIO PEAHCUMIB POOOMU COHAYHUX CMAaHYil, abo manux 2iopoerekmpocmanyii. Ilpome maii-
Jice He npuoineHo yeazu 00CiOJNCenHIo IXHill cymicHoi pobomi.

Buoinenns neoocnioycenux wacmun 3azansnoi npoonemu. /[ysxice mano podim npucésueno 00CIiONCeHHIO CYMICHOT
pobomu pi3HOMUNHUX Odicepenl PO30CePedICEHO20 2eHePYBAHHS 8 TOKANbHUX eNeKMPUYHUX cucmemax. Y 36 3Ky 3 yum mai-
Jice He 00CNi0ACeHO IX GNUE HA PO3NOOLNbHI eNeKMPUYHI Mepedici ma HA eHePeOCUCEMY 3A2ANIOM.

Ilocmanogka 3aedanna. Y cmammi po3ensanymo 6naue acUHXpOHHUX 2eHepamopié Ha MAaaux 2iopoeieKkmpocmanyisax Ha
pedrcumu pobomu po3nodinbHUX eleKMPULHUX MEPEIC, d MAKOIC QOCTIONHCeHO npoyect, SKi GUHUKAIOMb Y IOKANbHUX eHep2o-
cucmemax i3 pisHOMUNHUMU PO30CEPEOACEHUMU 0dACePeNaMU eHepeii.

Buknao ocnoenozo mamepiany. Ha ocrosi pezynomamie 0ocniodcenusi po3pobieno KomMn 1omepHy mMooens makoi cuc-
memu 6 npozpamuomy cepedosuwsi PS CAD. [Jo yenmpy srcusnenns 6y10 npucOHano 06i COHAYHI cmanyii ma oOny many 2io-
poenekmpocmanyilo 3 acuHXpoHHum 2enepamopom. IIposedeno mooenioganus 080x pedicumie pobomu: cymicHoi pobomu
manoi 2iopoenexmpocmanyii, 080X COHAYHUX eNeKMPOCMAHYIL MA YeHMPY JICUBNEHHSA, CYMICHOT pobomu manoi 2iopoenexkm-
pocmanyii, 080X COMAUHUX eleKMPOCMAHYIN MA i3 8iOKTIOUEHUM YEHMPOM IHCUBTEHHSL.

Bucnogxu 6ionosiono 0o cmammi. Y pe3ynomami KOMn 10mepHo20 MOOeN08aHHs NOKA3AHO, WO Y UNAOKY a8apiliHo20
BIOKIOYEHHS YEHMPANI308aHO20 eNeKMPONOCMAYAHHS 3d OONOMO20I0 YBIMKHEHHS MAOi 2i0pOoeneKmpocmanyii 3 acuHxXpoH-
HUM 2eHepamopoM MOACHA GiOHOBUMU POOOMY COHAUHUX eNeKMPOCMAHYIl, A MAKUM YUHOM YACMKOBO ab0 NOBHICMIO 8IOHO-
BUMU eNeKMPONOCMAYAHHS CROJCUBAYIS.

Kniouosi cnosa: noxanvna enepeocucmema, odicepena posocepeddicenoo eenepysanns; PS CAD; enexmponocmauanis.

Puc.: 3. Tabn.: 1. bién.: 6.
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MOJEJUPOBAHUE COBMECTHOM PABOTBI
PACCPEJOTOYEHHbBIX NHCTOYHUKOB 3JIEKTPOSHEPI' M
N NEHTPAJIM30BAHHOI'O 3JIEKTPOCHABXEHUSA

Axmyansnocms memut uccnedoganusn. Cospementvie meHOCHYUU PA3BUMUSL PACCPEOOMOUEHHO20 2eHEPUPOBAHUs 8
Yxpaune ceuoemenvcmeyiom o cmpemumenvnom pocme 2cenepupyemvlx MOWHOCHEU INeKMPUYECKUMU CMAHYUAMU, KO-
mopule UCNOoNb3VIOM 80300HOGNAEMYI0 dHepaulo. Bonvuuncmeo paseumelx cmpan nocCmeneHHo OMKA3bI8AIOMCs 0N UCHONb-
306aHUA UCKONAEMO20 MONIUBA U BCe OOonbUle UHBECTNUPYIOM 8 «3eleHyIo» dHepeemuky. Tlosmomy cywecmsyem nompeo6-
HOCMb  OeMaNbHO20 UCCIe008AHUS  YCILO8ULL pabomvl  paAccPeOOMOYEHHbIX UCHOYHUKO8 2eHepayuu 8 CeA3U ¢  UX
HecmabuIbHOCMblO, A MAKJICe NPOYEcco8, BO3HUKAIOWUX 8 PACHPeOeNUMeNbHbIX IeKMPULECKUX CeMmaX ¢ pa3HOMUNHLIMU
paccpedomouennbiMu UCIOYHUKAMU SHEPSUL.

Ilocmanogxa npobnemsl. B npoyecce npouzso0cmsea 21eKmMpueckoll IHepeuL UCIOYHUKAMU PACCPeOOMOYeHHO20 2e-
HepUpoBaHus 8 C8A3U C B03PACMAHUEM UX KOIUYECM8A 803HUKAIOM CUMYayul, K020a HeCKOIbKO 80300HOBNAEMbIX UCTHOYHU-
K086 dHepauu pabomarom monvko Ha 00Hy cucmemy wiuH. Taxum obpazom, makue pacnpedenumensHoie cemu npuobpemarom
uepmul JIOKANLHOU INIeKMPOIHEPLEMULECKOU CUCMeMbl, YMO 3ampyousem Hpoyecc YRPAaeleHuss makumu cucmemami, d
makoice 803HUKaem npobiema ¢ d1eKmpocHabceruem nompedoumenei.

Ananuz nocnednux uccnedosanuil u nyonukayuii. Ananuz nyonuxayuii ceudemenbcmeyen o mom, 4mo @ aumepamyp-
HbIX UCMOYHUKAX OONblUe BHUMAHUA YOeISAemcs UMY UCCIe008AHUIO PEeNCUMO8 pAbOMbl CONHEUHbIX CIAHYUL, UIU MATblX
euopoanexmpocmarnyuii. OOHaxko noumu He yOeneHo BHUMAHUS UCCe008AHUIO UX COBMECIHOU padombL.

Buioenenue neuccnedosannvix uacmeii oouieii npoonemut. Ouenv Mano pabom nocesueHo UCCIe008AHUI) COBMECTHOU
pabomuvl pazHOMUNHLIX UCIOYHUKOB PACCPEOOMOUEHHO20 CEeHEPUPOBANUS 8 IOKANLHBIX dNIeKmpuieckux cucmemax. B cesasu c
IMUM NOYMU He UCCTIeO08AHO UX GIUAHUE HA PACHPeOenUmelbHble JNeKMpuiecKue cemu U Ha IHEP2OCUCEMY 6 YETIOM.

Ilocmanogka 3ad0auu. B cmamve paccmompeno nusHue acUHXPOHHbIX 2eHepamopo8 Ha MAiblx SUOPOINeKmpOCmaH-
YUAX HA pedcumbl pabomsl pacnpeoeiumenbHblX INeKMpUIeckux cemeti, a maxice Uccie008anbl NPOYeccyl, BO3HUKaouue 8
JIOKANbHBIX IHEP2OCUCEMAX C PAZHOMUNHBIMU PACCPEOOMOYEHHBIMU UCTIOYHUKAMU IHEPSUUL.

H3noscenue ocnognozo mamepuana. Ha ocnose pesynbmamog uccie0osanusi pazpabomana KOMIbIOMePHAs MOOeb
maxkoti cucmemvl 8 npoepammtoti cpede PS CAD. K yenmpy numanua Oviiu npucoedutenvl 08e conHeutvle CManyuu U oona
Mmanas 2u0podNeKmpoCmanyusl ¢ ACUHXPOHHBIM ceHepamopom. IIposedeno moodenuposanue 08yx pedlcumos pabomel: cosme-
cmuotl pabomvl MAnol 2UOPOINEKMPOCMANHYUY, O8YX CONHEYHbIX INEKMPOCMAHYUL U YeHmpa NUMAaHus;, cOBMeCmHOU pa-
b60omul Manou 2uOpPoINEKMPOCMAHYUY, 08YX CONHEUHBIX INEKMPOCMAHYUL U C OMKTIOUYEHHBIM YEHMPOM RUTNAHUSL.

Bubi6oowst 6 coomeemcmeuu co cmamoeii. B pezynbmame KoOMnvlomepHo20 MOOeIUPOBaAHUs NOKA3AHO, YMO 8 clyyae
a8apuiino2o OMKIIOYEHUs. YeHMPATUZ0BAHHOLO INEKMPOCHAOIICEHUs. NOCPEOCBOM GKIIOYEHUs. MANOU 2UOPOINIeKMPOCNAH-
YuU ¢ ACUHXPOHHBIM 2eHePAMopPOM MOICHO BOCCMAHOBUMb pAOOMY COIHEYHbIX INEKMPOCMAHYUL, A MaKum obpazom dac-
MUYHO UL NOTHOCMbIO BOCCHMAHOBUMb TIEKMPOCHADICEHIE Nompedumerneil.

Knrouesvle cnosa: nokanvhas snepeocucmema, UCMoYHUKU pacnpederumenviozo cenepuposanus, PS CAD; anexm-
pocuaboicenue.

Puc.: 3. Tabn.: 1. bubn.: 6.
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