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ORCID: 0000-0002-8925-4415

Kparak caap:xaj

HaxoH kparkor mperiiena nmpeaMera pazMarama 1 MOTHBAIIMjE 33 eNeKTPU(UKAIN]Y BETHKUX
pasmepa, mpeaBame ce (OKycHpa Ha TIOBE3aHE PU3HKE M OTEHIIMjaJIHE YTUIIaje KOJU Ce MOTY
IIUPUTH KPO3 BUIIE KPUTUYHUX WHPPACTPYKTypa. M3BopH pu3uka ce HACHTH(DUKY]Y Kpo3
aHanmzy Oynyhe eBoiylvje pa3Boja eeKTPUIHE MPEXKE IJIe Cy YTHIIAJH HA JKUBOTHY CPEIUHY,
nponaname 3areueHe HHPPACTPYKTYpe, MACOBHO TOBE3UBAKE JAUCTPUOYHpPAHE TPOU3BOIE
SHepTuje Koja pe3yaTHpa y Mpoaopy pecypca 3aCHOBaHUX Ha HHBEPTEPUMA, TUTUTANIN3ALM]a U
MOCIIEIUIIE JbYICKOT MTOHANIaka, TOMUHAHTHHA. DOKyC ce 3aTUM TIoMepa Ha HOBE MPHUCTYIIC 32
npeaBuhame puU3NKa KOpUIINEHEM HANpeJAHOT MAIIMHCKOT Y4eha M IPUCTYIa BEIITauKe
WHTETUTCHIIM]E, a 3aTUM Ha YOllaxaBamkbe yTHUIdja pPH3UKA KpO3 Pa3IudUTe IHIHEBE
ontummsanuje. [IpegaBame ce 3aBpiaBa yka3uBameM Ha 3Ha4aj IPYIITBEHHX, HOPMAaTUBHUX,
peryJlaTopHHUX, 3aKOHOJABHUX MPOMEHA KOje je MOTPeOHO M3BPIIUTH Nl eleKTpuduKaiumja
BEJIMKHX pa3Mepa He Ou MpesicTaBibasia BEIUKH PU3HUK 32 J0OPOOHT MojeJMHAaLa M €eKOHOMCKH
npocneputeT ApymTBa. KibyuHne Tauke cy wiryctpoBaHe kopuinthewmem Ciydaja ymotpebe
npeasuhama crama pU3MKa O UCHa/Aa Ha EJIeKTPUYHO] MPEXKH, Kao M mapaaurme Oymyher
JIOHOIICHA OJUTYKA O YIPaBJbamkhy U 3aIITUTH.

Kiby4He peun: pusnk, maMeTHa Mpexa, eIeKTpuduKanyja, ucra.

Buorpaduja npenaBaua

? Jp Mnanen Kesynosuh (Life Fellow, IEEE) je cTekao IUILIOMY
. I . IWIUTOMUPAHOT WHXKEWkepa Ha YHuBepsutrery y Capajeny,

- CapajeBo, bocna u Xepuerosuna, 1974. rogune, a auIIOMYy
MarucTpa M JOKTOpa Hayka Yy OOJIaCTH €JeKTPOTEeXHHUKE Ha
VYuusep3uretry Kansac, Jlopenc, KC, CA/l, 1977. onnocno 1980.
roguue. Bume o 35 roguna paau Ha Yausepsutery Tekcac 4 &M
(Texas A&M University, College Station, TX, USA) tnme je
TPEHYTHO YyBakeHU Npodecop yHUBep3uTeTa, Regents Professor,
Eugene E. Webb Professor, u JUpEKTOp JOKaIije KOH30pLKjyMa
Power Engineering Research Center. Panuo je Bumie on 30 roguHa
Kao IVIABHU KOHCYITaHT koMmanuje XpertPower™ Associates,
KOHCYATaHTCKe (UpMe CIHelyjaln30BaHe 3a aHaju3y IoJaraka O eJIEeKTPOEHEPreTCKUM
cucremuma. tberopa ekcriepruza je y 007acTé 3alITHTHUX pejieja, ayTOMaTU30BAHO] aHAIU3U
nopemehaja eeKTpoeHepPreTCKOT CHCTEMa, padyHaPCKO] HHTEIIUTEHITN W, aHAJTMTUIIN TTO[aTaKa
U MIaMeTHUM Mpexxama. Aytop je mpeko 600 pagosa, onpskao npeko 120 ceMuHapa, npegaBama
IO TTO3UBY M KPAaTKHX KypceBa M KOHCYJITOBAO Mpeko 60 koMrianuja mupom cBeta. OH je BUCOKH
ynad CIGRE, oyacHU U yIIEIHU YJIaH, PETUCTPOBAHU PO ECHOHAIHN HHXKemhep y Tekcacy
1 wiaH HanuoHanHe nHXemhepcke akaJgeMHuje.
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Risk Management of Future Large-Scale Electrification

Prof. dr. Mladen Kezunovi¢, Texas A&M University, USA
ORCID: 0000-0002-6538-6982

Abstract

After a brief overview of the motivation for large-scale electrification, the lecture focuses on
the associated risk and potential impacts that can propagate across multiple critical
infrastructures. The sources of the risk are identified through analysis of the future evolution
of the electric grid development where environmental impacts, deterioration of the legacy
infrastructure, massive interfacing of distributed energy generation resulting in penetration of
inverter-based resources, digitalization, and human behavior consequences are dominant. The
focus then shifts to the new approaches for predicting the risk by using advanced machine
learning and artificial intelligence approaches, and then mitigating the risk impacts through
various optimization objectives. The lecture ends by pointing out the importance of the societal,
normative, regulatory, and legislative changes that need to take place for the large-scale
electrification not to pose major risk to the welfare of individuals and economic prosperity of
a society. The key points are illustrated using the Use Case of state of risk prediction of the
electric grid outages, as well as future control and protection decision-making paradigm.

Keywords: risk, smart grid, electrification, outage.

Biography of the presenter

? Dr. Mladen Kezunovic (Life Fellow, IEEE) received the B.Sc.
- l -~ degree from the University of Sarajevo, Sarajevo, Bosnia, in 1974,

= and the M.Sc. and Ph.D. degrees in electrical engineering from the
University of Kansas, Lawrence, KS, USA, in 1977 and 1980,
respectively. He has been with Texas A&M University, College
Station, TX, USA, for over 35 years, where he is currently a
University Distinguished Professor, Regents Professor, Eugene E.
Webb Professor, and the Site Director of the ‘“Power Engineering
Research Center” Consortium. He served for over 30 years as the
Principal Consultant of XpertPower™ Associates, a consulting
firm specializing in power systems data analytics. His expertise is
in protective relaying, automated power system disturbance analysis, computational
intelligence, data analytics, and smart grids. He has authored over 600 papers, given over 120
seminars, invited lectures, and short courses, and consulted for over 60 companies worldwide.
He is a CIGRE Fellow, an Honorary and Distinguished Member, a registered Professional
Engineer in Texas, and a member of the National Academy of Engineering.
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[Tpod. np Bnagumup Tep3uja, Yausep3utet y bykacny, Vijenumeno KpasbeBcTBO
ORCID: 0000-0002-6538-6982

Kparak cagp:axaj

UYeTBpTa HHIYCTPUjCKA PEBOTYIH]A, 3HAYaJHO MEHAa MEXaHU3aM Ipolieca y 2 1. BeKy, HapOIHTO
OHUX KOjU C€ OJHOCE Ha TEXHOJIOTHjy, MHIAYCTPU]Yy U JAPYHITBO. YBOhEeHmEM MaMeTHHX
TEXHOJIOTHja, OTBAapajy C€ BpaTa 3a MPOJEKTOBAkEe M TMPHUMEHY MaMETHUX pellema Koja
nonpuHoce 0e30eIHOCTH, MOY3IaHOCTH, (IEKCHOUIHOCTH U OTIOPHOCTH CaBPEMEHUX
E€HEePreTCKuX cuctema. HajHOBWjU KOHIENT ,,qurutanHe Tpadocranuie” omoryhaBa Op3 u
epukacaH mpeHoc HH(POpMalLMja U3 EIEKTPOCHEPTeTCKOT IMOCTPOjemha 0 XUjepapXUjCKu
BHINIUX IIeHTapa y Kojuma ce uHdopMmanuje oopalyjy. IlpumeHom pemniema 3aCHOBaHUX Ha
YHUCTUM IOJAIMMa, MAaKCUMU3Yje C€ MHTErpannja OOHOBJFUBUX M3BOpa €HEPrHje, pa3iInuuTH
CHEPreTCKU BEKTOPU-CUCTEMM CE€ HHTETPUINY Yy jEeIMHCTBEHE MYITH-EHEPreTCKe CUCTEME,
ontumu3yjyhu mpomece, umHehnm wuX eQHUKAaCHUjUM U JoHpuHOcEhM  YCHEUIHO]
Tpanchopmaruju noctojeher eHepreTcKor CucTeMa y OJp>KUB CUCTEM U ca HUCKUM eMHCHjaMa
yribeHuka. O HaBeIeHUM NMUTamkUMa he ce pacrpaBsbaTé U3 MEPCIIEKTUBE HOBUX TEXHOJIOTH]a,
BUXOBOI YTHIIajJa Ha HOBAa pelllelka M OYeKHBaHe KopucTh. buhe mnpexncraBbeHH H
penpe3eHTaTuBHU NPAKTUYHU MpUMepH kao mro cy [IMY Gasupanu Han30p U yrnpaBibambe
MPEKOM.

KibyuHe peuu: qurutanusaiimja, maMeTHa Mpexa, HaJ30p Mpeke, YIpaBJbambe
(hpEKBEHITN]OM MpEKe, BEIITauka MHTEITUTCHITN]a/MallTHHCKO YUCHE.

buorpaduja npenasaua

[Tpodecop Bragumup Teps3uja, mpodecop eHEPreTcKux cucrema u
Mpexa, JAWIJIOMHPAO j€, MarucTpupao U JOKTOpHpao Ha
Enexrporexunukom DakyiTeTy, cMep €IeKTPOCHEPTeTCKU CUCTEMU,
Ha YuuBep3utety y beorpany, Cp6uja. TpeHyTtHO je mpodecop
E€HEepPreTCKUX CUCTeMa U Mpeka Ha YHuBep3utTery y bbykaciy y
Benukoj bputanmuju. Takohe je wucrakHytH mnpodecop Ha
VYuusepsutery llanmonr, Kuna, kao u rocryjyhu mpodecop Ha
TexHnukoMm yHUBep3uTeTy Y Munxeny y Hemaukoj u YHuBep3utery
y beorpany y Cp6uju. [IperxonHo je paauo Ha YHUBEP3UTETY Y
Beorpany (Cpb6uja), ABb (Hemauka), Yausep3utery y Manuecrepy
(Benuka bpuranmja) m Crontexy (Pycka ®eneparuja). Hbherora
UCTpaXMBauKa HMHTEPECOBama YKJbYUyjy NPUMEHY NMaMeTHUX mpexa; WAMPAC; 3amtury
€JIEKTPOCHEPreTCKUX CHUCTEMa; AHAJIMTUKY IOAaTaka W MPUMEHY KOMIUIEKCHE HayKe 3a
OApKMBE CHCTEME ca HUCKUM eMucHujama yribeHuka. [Ipod. Tep3uja je miaBHH ypenHUK
MelhynapoaHor yacomnuca 3a eJIeKTpOeHepPTreTCKe cucTeMe U cucteme cHabneBama (IJEPES),
crunenaucra Anekcannpa pon Xymbonta, /IEEE Fellow n nobutHuk Haumonamxe Harpane
npujaresbetBa (National Friendship Award) (Kuna).
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Digitalization — a Revolution Leading to Future Low-Carbon
Economies

Prof. dr. Vladimir Terzija, Newcastle University, United Kingdom
ORCID: 0000-0002-6538-6982

Abstract

The 4" Industrial Revolution, Industry 4.0, is significantly changing the shape of processes in
the 21% century, particularly those related to technology, industry and society. Through
introduction of smart technologies, doors for designing and implementing smart solutions
contributing to security, dependability, flexibility and resilience of modern energy systems, are
opened. Newly designed “digital substations” are enabling rapid and efficient transfer of
information from the actual electricity network to hierarchically higher centers in which
information is processed. Through application of data science-based solutions, integration of
renewable energy sources is maximized, different energy vectors are integrated into single
multi-energy systems, optimizing processes, making them more efficient and contributing to
confident transformation of the existing energy system into a sustainable and low carbon one.
The abovementioned issues will be discussed from the new technology perspective, its impact
to new solutions and its expected benefits. Some representative practical examples will be
presented, too.

Keywords: digitalization, smart grid, situational awareness, frequency regulation, AI/ML.
Biography of the presenter

Professor Vladimir Terzija, Professor of Energy Systems &
Networks, received the Dipl-Ing., M.Sc., and Ph.D. degrees in
electrical engineering from the University of Belgrade, Serbia.
Currently he is a Professor of Energy Systems & Networks at the
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Belgrade, Serbia. In the past, he has been with the University of
Belgrade (Serbia), ABB (Germany), The University of Manchester
(UK) and Skoltech (Russian Federation). His research interests
include smart grid applications; WAMPAC; power system
protection; data analytics and application of complex science for sustainable low-carbon energy
systems. Prof. Terzija is Editor in Chief of the International Journal of Electrical Power and
Energy Systems, Alexander von Humboldt Fellow, Fellow of IEEE and the recipient of the
National Friendship Award (China).
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EjexkTpuyHa 1 MarHeTHa mosba y OJIM3MHU MPEHOCHE Mpexe U
BHCOKOHAINIOHCKHUX MOCTPOjerha jeJJTHOCMEPHe CTpYyje

[Ipod. np Aldo Canova, Politecnico di Torino, Utanuja
ORCID: 0000-0002-0014-5918

Kparak cagp:axaj

Cucrem mpeHoca jeTHOCMEpHOM cTpyjoM Bucokor HamoHa (HVDC) ce cactoju onm aBa
npeTBapaya KOju paje Kao MCIpaBjbad M WHBEPTOP M KOJU Cy MpeKo TpaHcopmaropa u
BHCOKOHAIMIOHCKE OMpeMe MPHUKJbYUYEHU Ha JBE PA3IMYUTE MPEHOCHE Mpexe Hau3MEHHUYHE
cTpyje Bucokor HarnoHa (HVAC). OBakBe enekTpudHe HHPPACTPYKTYpPE CE CBE BHILIE KOPUCTE
3axBasbyjyhu IpemHOCTHMA KOje Hyle Kao W MOTYNHOCTH 3a NMPEBa3WIAKEHE OTpaHuYCHA
Hajpacnpoctpamennje HVAC texnonoruje npenoca. [Ipsu oneparusuu HVDC cucteM, Koju
narupa u3 1954. ronunae u koju je msrpahen m3mely octpra l'ommann y bantuukom mopy u
komHa (IlIBencka), cuare 20 MW, BpeMeHOM je 3aMEeHheH OUIOIApHUM TIPEHOCHUM CHCTEMOM
caare 260 MW. Ocrana moctpojema, kKoja Cy KOPHCTHJIA BEHTHJIE Ca >KHBHHOM TIapoM,
usrpaleHa cy TOKOM HapeJIHUX TOAUHA, YKIbyuyjyhu: 1965. ronune nose3uBame CapauHuje ca
korrHOM; 1970. roawHe, MHTEPKOHEKIM]ja jeqHOCMepHe cTpyje Ha [lamuduky, koja mosesyje
ceBeposanaguu peruoH [lamuduka u Jloc Anhenec, y Cjenumenum AmepuukuM J[pxkaBama;
1973. ronunHe OumnosiapHu mpeHocHu cucteM Ha pern Hencon y Kanamu. Tek om 1970-ux,
pa3BojeM BHCOKOHANOHCKUX TMOJYMPOBOAHUYKHUX TMpeTBapada, HVDC TpeHOCHH CHCTEMH,
KOju cy ce Beh mokasaiu HEeOmXOIHUM 3a IpeMoIhaBame BETUKUX MOPCKUX MPOCTPAHCTaBa
WIN 32 TIOBE3UBAIHE EJICKTPOCHEPTETCKUX CHUCTEMa Pa3IMYUTHX (PPEKBEHIIHja, TIOUETH Cy A
MOKa3yjy KOHKYPEHTHOCT | 3a MPEHOC BeNuKe cHare Ha Beha pacTtojama.

HVDC omoryhaBa npeHOC BEeIMKHUX KOJWYMHA CHEPTHje HA BEIMKY YIaJbeHOCT, a TPOIIKOBU
MHCTaNanuje ce HajgokHalyjy MamuMm ryOunuma (rpanuma oxko 600-800 km). Beoma cy
KOPUCHHU Y CJy4yajy MOMOPCKUX KOHEKIIMja: MOIITO MOTy Ja MPEeMOCTe BEIUKE MOpPCKE
MOBpIINHE, 33 pasnuky ox HVAC xoju uMa orpaHuyerma YCIOBJbEHa NOTpeOoM J1a ce
KOMIICH3Yj€ KalalluTUBHA PEaKTHBHA CHara kabioBa Hau3meHndHe crpyje. [lltasume, HVDC
omoryhaBa HHTEPKOHEKIH]y U3Mel)y BETUKUX MOTPOIIAYKHX IIEHTapa U reorpadckux odmactu
y KOjUMa HMMaMO BEJIMKY JOCTYIMHOCT OOHOBJBMBHX H3BOpa (MpUMEp MPEACTaBibaj)y TpHU
KOpHIOpa jeJHOCMEpHE CTpYje, HaCcTalIu O Moja3eMHor kabna + 525 kV, koju ce y Hemaukoj
MOCTaBJhajy paad OAPKHUBOT TIPEHOCA CHEpPruje Oa ceBepa 3emibe ka jyry). KonauHo,
MOBE3MBAKEM J[BA MPETBApavya JUPEKTHO MPEKO jeHOCMEPHOr Koja (ca CYHmpOTHHM TOKOM
caare — BackToBack) omoryhaBa ce moBe3mBame Mpeka HaM3MEHHUYHE CTpyje KOje HUCY
CHHXpOHE jefHa ca apyroM (Hip. npsa Ha 50 Hz u apyra na 60 Hz).

Mely maBHHM NpeaHOCTHMAa MOPajy C€ y3€TH Y O03Mp M acleKTH yTHIlaja Ha >KUBOTHY
CpeIuHYy, YKJby4yjyhu 1 OHE KOjU Ce OTHOCE Ha eNEeKTPUYHA U MarHeTHa 1MoJba.

Hakon yBoma y Be3u ca mpukazom HVDC texHonoruje, Ha mpenaBamy he OUTH MCTaKHYTH
MHOBAaTHBHHU aCIIEKTH Koje Tpeda y3eTH y 003Hp y cuMysanrjama i MepemhiMa eeKTPUYHUX 1
MarHeTHUX I0Jba, C 003UPOM Ha TO J1a TOCTOj€ HOBU aCMEKTH Kao IITO CYy BUCOKE JeTHOCMEPHE
CTpyj€ M HallOHH KOjU HUCY MPUCYTHH Y Tpaauunonantoj HVAC undpactpykrypu. [ToceGHo,
HEKOJIMKO TeMa Off MHTepeca MPECTaBbajy MEpPEHe CTAaTHUUYKOT eJEKTPUYHOT IO0Jba YCIIEl
BHCOKOHAITOHCKE Be3e M3Mel)y KOHBEpTOpCKE MPOCTOpHUje M EHEPreTCKUX KablloBa U MEpeme
CMETHH KOj€ CTBapajy XapMOHHUIIM JTy>K BOJIOBA JeTHOCMEPHE CTpY]e.

Kibyune peun: HVAC, HVDC, maraeTHa U €JIEKTpUYHA 110Jba.
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Unan KOMHUCHje 3a KOOpAWHAIM]y aKTUBHOCTM HacTaBe W oOyke Ha [lomutexHHmYKoM
yHUBEP3UTETY Y TopuHy.

On 2018. rogune je mpencenaBajyhu Ha OCHOBHMM M MacTep CTyAujama eJIeKTPOTEXHUKE Ha
[TonuTexnnukom yHuBep3uTeTy y TopuHy.
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texnonoruje (LabTT) na [lomuTexHUIKOM YHUBEP3UTETY Y TOpHHY.
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On wMaja 2022. romune je wraH [AB-a (MebhynaponHor caBeTomaBHOT oA00pa)
Enexrporexunukor nncturyra Hukona Tecna y beorpany.

Uman je Hamumonamne HayyHe kBanudukanuone kommcwje 3a CK  09El  —
EJIEKTPOTEXHUKA 3a nBoronummu nepuon 2023-2025. ronuse.

Ayrtop/koaytop je oko 180 mnHayunmx mnyOnukamuja y 300pHHIMMa Mel)yHapOTHUX
KoH(epeHrja 1 Mel)yHapoTHUM YacoNMCHMa, Kao U § mareHara.

Onrosopas je ox 2008. romuHe 10 JaHac 3a 25 yroBopa/criopasyma y o0IacTH UCTpaKHBamba,
noTnucanux u3Mely komnanuja/mactutynuja u IlonurexHuukor yauBepsurera y Topuny.
baBu ce ucTpaXMBaYKUM aKTHBHOCTHMA BE3aHUM 32 HyMEPUYKO NPOpadyHaBambe
eJIEKTPOMArHETHUX 0Jba y 00IaCTH eHEepreTCKuX ypehaja, 3alTuTy 01 MarHeTHOT 10Jba,
M3JI0KEHOCT JbYIU eNIEKTPOMAarHETHUM MOJbMMa, MOJIETIOBAhE U ONITUMH3AIIN]Y €HEPreTCKUX
CHCTEMa U HeIeCTPYKTUBHA UCIIUTUBAbA.
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Electric and Magnetic Fields in the Vicinity of Transmission
Network and HVDC Plants

Prof. dr. Aldo Canova, Politecnico di Torino, Italy
ORCID: 0000-0002-0014-5918

Abstract

High voltage direct current (HVDC) consists of two converters working as a rectifier and
inverter which are connected, through transformers and high voltage equipment, to two high
voltage AC (HVAC) power networks. Such electrical infrastructures are spreading thanks to
the advantages they offer and the possibility of overcoming the limits of the most widespread
HVAC technology. The first operational HVDC system dates back to 1954, created between
the island of Gotland in the Baltic Sea and the mainland (Sweden), with a power of 20 MW
which has over time been replaced with a 260 MW bipole transmission system. Other plants,
all using mercury vapor valves, followed over the years, including: in 1965, the connection of
Sardinia with the continent; in 1970, the Pacific DC Intertie, connecting the Pacific Northwest
region and Los Angeles, United States; in 1973, the Nelson River Bipole in Canada. Only since
the 1970s, with the development of high voltage semiconductor converters, HVDC
transmission systems, which had already proven indispensable for crossing long stretches of
sea or for connecting electrical systems with different frequencies, began to show
competitiveness also for the transmission of great powers over very long distances.

HVDC allows the long-distance transmission of large quantities of energy and installation costs
are compensated by lower losses (breakeven point around 600-800 km). They are very useful
in case of marine connections: being able to cross long stretches of sea, unlike HVAC which
has limitations dictated by the need to compensate for the capacity of AC cables. Moreover,
HVDC allows the interconnection between big consumption centers and geographical areas in
which we have large availability of renewable sources (see for example the three DC corridors,
made up of underground cable of = 525 kV, which in Germany are being laid for transfer
sustainable energy from the north of the country to the south). Finally, by crossing two
converters directly facing each other (BackToBack) it allows the connection of alternating
current networks that are not synchronous with each other (e.g. the first at 50 Hz and the second
at 60 Hz).

Among the main advantages, environmental impact aspects must also be considered, including
those relating to electric and magnetic fields.

After an introduction related to HVDC technology, the seminar will highlight the innovative
aspects that need to be considered in simulations and measurements in electric and magnetic
fields, considering that there are new aspects such as high static currents and voltages which
are not present in traditional HVAC infrastructures. In particular, a couple of topics of interest
are represented by the measurement of the static electric field due to the high voltage
connection between the valve room and the power cables and the measurement of the
disturbances generated by the harmonics along the DC lines.

Keywords: HVAC, HVDC, magnetic and electric fields.
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J{u3ajH peryjaropa 3a NpUrylminBame OCIMJIAIMja CHAre 32
eJIeKTPpaHe 00HOB/bUBUX M3BOPA eHepruje

Hp Munan Ilponanosuh, IMDEA Energy Institute, [llnanuja
ORCID: 0000-0001-5500-9799

Kparak cagp:axaj

[IpetBapaun cuare (Converter-Interfaced-Generation CIG) ce xopucTe 3a NMPEHOC SHEPrHje
CyHIIa U BeTpa y enekTpuune mpexe. Jlo cana cy enekrpane 3acHoBane Ha CIG-y kopuiheHne
HCKJbYUMBO 32 KOHBEP3H]Y €JIEKTPUYHE CHEPrHje U3 MPUMapHOT U3BOpaA Kaja Toj je eHepruja
nocrynHa. Ca moBehamem ynmena CIG-a y Mpexama, HBHXOB YTHLA) Ha paj CHUCTEMa
€JIEKTpPUYHE EHEepruje, MOrOTOBO Ha acMeKTe Kao MITO Cy CTAOUITHOCT U YIpaBJbalkhe CUCTEMOM
y peanmHoM BpeMmeHy he mocraru 3HadajHuju. Behuna kapaxtepucrtuxka CIG-a, onepaTuBHU
NeTajby, WHEPIMja M CTpyja KPaTKOT CI0ja, 3HA4YajHO C€ PAa3IHMKY]y Ol TPaJAMIIMOHATHUX
CHHXPOHHX TreHeparopa. Omneparepu cucTeMa Cy YBHAEIHM MOTpedy Ja pearyjy Ha MpoOMeHe
YCTaHOBJbABAKHEM JIOJIATHUX 3axTeBa 3a kopuinhewe C/G-a U MemameM IpaBuia O pamy
npeHocHux mpexa 3a CIG. U3smely ocranor, odekyje ce aa he ce y OynyhHOCTH enekTpaHe ca
CIG ykmpyautu y cy30Hjambe HUCKOQPEKBEHTHHX EJICKTPOMEXaHWYKUX OCHUJIaIrja y
MIPEHOCHUM MpexkKama.

Jla OM MCIyHHJIM OBa OYEKHBama, aNropuTMu KoHTposie CI/G-a Mopajy UMaTH PeryiaTop 3a
npurymeme ocuwianuja caare (Power Oscillation Damping POD). OBaj perymarop ce
TUMUYHO TU3ajHUpa TAaKo Ja MPUIAroA aKTHBHY W/WJIM pPEeaKTHBHY cHary Ha uznazy CIG-a
Kako OM MPUTYIINO KOHKPETHY ocuuianujy ppexseHiuje mpexe. Bpio je BepoBarHo 1a he ce
y Oynyhaoctu CIG moBe3aT Ha Mpexy Koja MMa He camo jenHy, Beh Hekomuko ciabo
MpUrymeHux (peKBeHIMja, MTO MOTEHLHUJaJHO MOXE JOBECTH 1O BHUIIE HCTOBPEMEHHX
HUCKO(QPEKBEHTHUX ocimianuja. OcuMm Tora, KoH(Urypauuja Mpexe H pajgHa Tadka
MIPEHOCHOT CHUCTEMa C€ KOHCTAHTHO MEHajy TOKOM paja, IITO OTeXxaBa mojemaBame POD
perynaropa u ¢BU OBU (DaKTOpH IMPECTaBIbajy IIABHE M3a30B€ 3a HUXOB au3ajH. lllTaBume,
anroputMu 3a POD Mopajy OWTH MMIUIEMEHTHPAHH Ha TpEeTBapadyuMa KOju paje y MOIy
ycnocTaBibamba Mpexe (Grid-Forming), ITO je 3Ha4ajHO pa3nuduto of noctojehux CI/G-oBa
KOju jegHocTaBHO ciene mpexy (Grid-Following).

Enextpane 3a oOHOBJbMBE H3BOpE HMMajy OOMYHO BuIIe JokamHMX jenuuuna CIG-a u
IeHTpaau30BaHu perymarop. /o caga je Beh je mpujaB/beHO BHINIE WHIMACHATA MPEKHUX
ocLMJIallMja KOjU Cy IOBE3aHH Ca MHTEPHUM KallllbelhbHMMa yHyTap eleKTpaHe, Hajuyemihe
u3Mel)y IeHTpaIr30BaHOT PErynaropa Koju KOOpAUHUILE MPEXY U JIoKanHuX jeaunuua CIG-a.
VY oBoM m3naramy Ouhe pasMarpaHu Pa3IMUUTH ACHEKTH NPUTYIICHAa OCIMJIAIMja CHare
kopumhemeM C/G-0Ba U MPeII0KEHO HEKOJMKO MeTo/1a 3a nu3ajH POD perynaropa. [Toce6Ho
he ce anamu3uparu yTHIA] NPOMEHA TOMOJIOTHjE MPEXKE M MPUCYCTBO CTOXACTHUYKUX
KOMYHHUKAITMOHUX Kallkbeha Ha POD u 6uhe nipencTaBibeHa peliema 3a oAaropapajyhe Tunone
perynaropa. Ilopen Tora, mpeanoxeHa pemiema cy 0azupaHa camMO Ha JIOKaJTHHUM Mepemuma
(dbpekBeHIMje U TOTOHA CY 3a CiIy4ajeBe Kaja JeTajbaH MOJEN CJICKTPUYHOT CHCTEMa HHje
nocrynad. Ananusupahe ce o6e TOmoJoruje KOHTpoJIe MpeTBapada OHE Koje clieie MPEeXY U
OHE Koje (hopmupajy Mpexy 3a mpuMmeny yciyre POD.

KibyuyHe peun: npurymmBame oOClAJIaNNja CHAare, IPeTBapauu CHare, eJeKTpaHe
O0OHOBJPUBUX M3BOPA CHEPTH]E.
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Design of Power Oscillation Damping Controllers for Renewable
Power Plants

Dr. Milan Prodanovi¢, IMDEA Energy Institute, Spain
ORCID: 0000-0001-5500-9799

Abstract

Converter-interfaced generation (CIG) has been used to transfer energy from solar irradiation
and wind to electricity networks. Until now, power plants based on CIG have been used solely
to inject power from the primary source whenever it is available. As the share of CIG increases,
its impact on the power system operation has become more relevant with some aspects clearly
affecting the stability and real-time management of the system. Most characteristics of CIG,
including its operation and inertial and overcurrent properties are significantly different from
traditional synchronous generators. System operators have acknowledged these changes and
some of them have already started requesting additional functionality from CIG and changing
the Grid Codes. In future CIG-based power plants connected to transmission networks are
expected to contribute to damping of low-frequency electro-mechanical oscillations.

To meet these expectations, future CIG control algorithms need to include a power oscillation
damping (POD) controller. This controller is typically designed to adjust the CIG’s active
and/or reactive powers in order to damp a specific oscillation of the network frequency.
However, it is highly likely a CIG in future will connect to a network with several poorly
damped frequencies, potentially leading to multiple low-frequency oscillations. Moreover, the
network configuration and the transmission system operating point are constantly changing
during the operation. These factors impose major challenges for the design of POD controllers.
In addition, POD algorithms need to be applicable to converters operating in Grid-Forming
mode that is significantly different from the existing Grid-Following CIGs.

Renewable CIG-based power plants assume a number of local CIG units and a centralized
controller. Several events of grid oscillations have already been reported and have been linked
to internal delays occurring within the plant, namely those between the centralised controller
responsible for the coordination and the local CIG units.

In this presentation, different aspects of power oscillation damping using CIGs will be
addressed and several methods for design of POD controller proposed. In particular, the impact
of the network topology changes and the presence of stochastic communication network delays
on POD will be analysed and the solutions for the respective controllers presented. Moreover,
the proposed solutions assume only the local frequency measurement and are suitable for the
cases when a detailed power system model is unavailable. Both, Grid-Following and Grid-
Forming converter control topologies will be examined for the application of POD service.

Keywords: power oscillation damping, converter-interfaced-generation, renewable plants.
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OcHaxxuBame Mpexxe: HHOBaIMje Y Pa3BOHOj ONIPeMHU 3a
€HEePreTcKy TPAH3UIUjyY

Henan V3enan, G&W Electric Co, CA]]
Kparak caapxaj

Kaxko eHepreTcku ceKTOp MpoJia3u Kpo3 3Ha4ajHy TPAH3UIIN]Y Ka OJPKUBUJUM U €PUKACHH]UM
IpakcaMma, yJora HampeaHe pa3BoJIHE OIpeMe IocTaje cBe KpuTuuHuja. OBa npe3zeHTanuja he
HUCTPAXUTH CYIITHHCKA JOCTHTHYha y KOMYTAIlMOHO] TEXHOJOTHJH Koja TOoKpehy OBy
Tpan3uuyjy. KibydHe Teme yKJbydyjy pa3BOj M HUMIUIEMEHTALM]y BHCOKOHAITOHCKHUX
MpeKuIava jeTHOCMEPHE CTpyje W mpekupada 6e3 SF6 u mHTErpaiujy ceH3opa y pa3BOJIHY
orpeMy 3a MoOOJpIIaHE IIeMe 3alTuTe W npaheme crama. buhe mpencraBbeHa crynuja
ciydaja O MHOBaTHBHOM Pa3BOjy BUCOKOHAIIOHCKOT ayTOMAaTCKOT TMpEeKHjiada, Koja moKasyje
KaKo c€ JAUCTPUOYTHBHHM 3aIUTUTHU €JIEMEHTH e(QUKacHO NpUMEYjy Ha MOTIPEHOCHE
cucteme. [Ipunpyxkure HaM ce Ja OTKPHjETe KaKO OBa TEXHOJIOIIKA JOCTUTHYha OCHaxyjy
Mpexy U 001uKyjy OyayhHocT eHepruje.

Ki/by4He peun: BUCOKO HAIMOHCKA MIPEKHUIavyHa TEXHOJIOTH]a, CHEPreTCKa TPaH3uIyja,
WHOBAIIHj€.

buorpaduja npenapaua
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EHEepreTCKe TPaH3HUIIbje.
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Empowering the Grid: Innovations in Switching Equipment for
Energy Transition

Nenad Uzelac, G&W Electric Co, USA
Abstract

As the energy sector undergoes a significant transition towards more sustainable and efficient
practices, the role of advanced switching equipment has become increasingly critical. This
presentation will explore the essential advancements in switching technology that are driving
this transition. Key topics include the development and implementation of high voltage DC
breakers and SF6-free breakers, and the integration of sensors within switching equipment for
enhanced protection schemes and condition monitoring. A case study on the innovative
development of a High Voltage recloser will be presented, demonstrating how distribution
protection elements are being effectively applied to sub-transmission systems. Join us to
discover how these technological advancements are empowering the grid and shaping the
future of energy.

Keywords: switching technology, energy transition, innovation.
Biography of the presenter
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XO0JMCTHYKH NPUCTYII MOACJTUPAY U AHAJIM3U OAPKUBUX
€JICKTPOCHEPIreTCKUX CUCTeMa

[Ipod. np JoBuua Munanosuh, Yausepsurer y Manuectepy, YK
ORCID: 0000-0002-0931-137X

Kparak cagp:axaj

300r EBHICHTHUX KJIMMATCKHMX IPOMEHa W MpPHUTHCaKa Ha >KUBOTHY CpeauHy, Oymyhm
€IIEKTPOCHEPTeTCKU CUCTeMH he MopaTH Ja pajie, 60Jbe Mpe Hero KacHHje, y OKPYXKEHhY ca HETO
HYJATHOM TOJICPAHIIMjOM €MHCH]je TacoBa crakieHe Oamre. OBo he ce manudecrtoBatu y
MEIIABUHH IIUPOKOT CIIEKTPa TEXHOJIOTHja 32 MPOU3BOABY, CKIATUINTCHE U TMOTPOIIHY
eNeKTpUYHE eHepruje (ca cBe Buile ypehaja moBe3aHux Mpeko mpeTBapava Koju paje Ha 0a3u
CHEepPreTCKe EJIEKTPOHUKE); HEJaCHHUM TpaHuLamMa u3Mel)y mpeHoCHOr W JUCTpUOYyTUBHOT
cUCTeMa; 3HaTHO BehuM ocliambameM Ha KOPUITNEHE TPATUITMOHATHIX, UCTOPH]CKIX MEPEHUX
moJiaTaka Kao ¥ Mepema II00AHUX CUTHAJA 32 WACHTHU(HUKAIN]Y CHUCTEMa, KapaKTepU3alyjy
U yIhpaBjbakbe W HHGOPMAIMOHO-KOMYHUKAIIMOHUX TEXHOJOTHja yrpaheHux y Mpexy
EJIEKTPOCHEPIeTCKOI' CHCTEMa M HErOBUX KOMITOHEHaTa. KibydHe KapaKTepHCTHUKE OBAKO
CIIOXKEHOT cucTeMa, he cBakako OMTH 3HAuajHO OcClamame Ha ypehaje koju pane Ha Oasm
CHEePreTCKe EJIEKTPOHUKE y pa3IMuUTHM OoOIMIKMMa M (opmMama M 3a pasinyuTe HaMEHe,
noBehane HeoapeheHOCTH y pany cucreMa u nmapamerapa Cucrema u MHOTO Behe ocnamame
Ha KopHuinhemke MepHUX U APYTUX MPUKYILUHCHHUX MOJIaTaKa.

Oga npe3eHTanuja he mpBo yKpaTko MPEeACTaBUTH HEKE O] KJbYUHHUX KapakTepucTHKa Oymyhux
OAPKUBHUX EJIEKTPOCHEPreTCKUX CHCTEMa Ca HETO HYJATHOM TOJEPAaHILMjOM €MHCHje racoBa
cTakiieHe OaTe u noTpedy 3a cBeoOyXBaTHUM IIPHUCTYIIOM Yy pelllaBamky yTBphEeHUX H3a30Ba, a
3aTuM he TpencTaBUTH HEKe O] NMpUMepa HAjHOBHJUX TPHUCTYINA Yy HHUXOBOM pEIIaBamy,
¢doxycupajyhu ce Ha MpUMEHH MOJIEIOBamba HEOIpe)eHOCTH Y pasy M MOZIETIOBalkY CUCTEMA,
KOpUIIhewy HanpeqHuX MEeTOAa 3a aHaIWM3y TofaTaka, NPUCTYNHMMa 3acHOBAaHMM Ha
MAaIIMHCKOM YY€HY U MPOIICHHU PU3UKA.

Kibyune peun: HeonpeheHOCT, 0OHOBJbUBU M3BOPH CHEPTHjE, aHAIN3A M1OJIaTaKa, MAIIMHCKO
y4eme, MPOIeHa PU3NKa, TUIAHUPAE, YIIPABIbAbE.

buorpaduja npenasaua
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[Tpodecop Mumanosuh je aexan EnexrporexHuukor QaxynreTa
Ha YHuBep3utery y Manuecrepy, Benuka bpurtanuja, roctyjyhu npodecop nHa Yausep3utery
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n3Hocwuia mpeko 80 Mmunmuona ¢pyHTH, 00jaBro peko 600 UCTpaKUBAYKUX pasoBa U U3BEIITA)a,
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wiaH [EEE (CAJl), ucrakHyTH npefaBay yIpyXkewa 3a eleKTpoeHepreTuky [EEE, rmaBHU U
OITrOBOPHH ypenHuk uaconuca [EEE Transactions on Power Systems, 4nan YnpaBHOT o100pa,
W3BpiHor ofgbopa 1 @uHaHCHjCKOT 0100pa yApyXKema 3a enekrpoenepretuky /EEE, Ondopa
3a AYTrOpOYHO IUIAHUpAmkE YIpYyKewka 3a elekTpoeHepreTuky [EEE W TNOTHPENCETHUK
yVApYKema 3a enekrpoeHepretuky /EEE 3a n3naBauky nenarHoCT. bro je mect roguHa 4diaH
VYrpaBHor 0100pa yApyKema 3a enekrpoeHepreTuky /EEE kao pernoHa HH MpEACTaBHUK 3a
EBpony, bancku wucroxk u Adpuxy, wian u mnornpeacenHuk Onpbopa yapyxkema 3a
enekTpoeHepreTuky /EEE 3a MpolieHy HaydYHUX M TEXHUUYKUX KBadU(UKaIHja KaHIuAara 3a
n300p 3a penoHe wnaHoBe /EEE, npencenuuk Komucuje 3a noneny IEEE Herman Halperin
Harpajge y oOmacTu TpeHoca W AUCTpHOymHje, WiaH pykoBojeher omdopa 3a TEXHUUKY
NOJPIIKY WHAYCTPUJU yApYXKema 3a enekTpoeHepretuky /EEE u uman Onbopa 3a u360p
penoBHuX unaHoBa [EEE.
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Holistic Approach to Modelling and Analysis of Sustainable
Power Systems

Prof. dr. Jovica Milanovi¢, University of Manchester, UK
ORCID: 0000-0002-0931-137X

Abstract

Due to the evident climate change and environmental pressures the future power/energy
systems will have to operate, sooner rather than later, in a net-zero environment. This will
manifest in a mix of wide range of electricity generation, storage and demand technologies
(increasingly power electronics interfaced); blurred boundaries between transmission and
distribution system; significantly higher reliance on the use of legacy and measurement data
including global signals for system identification, characterization and control and Information
and Communication Technology embedded within the power system network and its
components. The key characteristics of such a complex system, would certainly be proliferation
of power electronic devices in different shapes and forms and for different purposes, increased
uncertainties in system operation and parameters and much larger reliance on the use of
measurement and other data collected.

This presentation will first briefly introduce some of the key characteristics of future net-zero,
sustainable power systems and the need for holistic approach to solving the identified
challenges and then present the holistic approach to solving them with examples of the recent
advances in this area focusing on applications of nondeterministic approaches, use of data
analytics, machine learning and risk assessment-based approaches.

Keywords: uncertainty, renewable energy, data analytics, machine leaning, risk assessment,
planning, operation.
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Pe3oHaHce 1 MHTEpaKIUje y eJIEKTPUYHUM Mpe:xkaMa — pactyhu
U3230BU

Mp T'opan JIpo6mak, GE Vernova Consulting Services, Hemauka
Kparak cagp:axaj

EnextpuuHe Mpeke NIMPOM CBETa Y OCIEIHUM TOJMHAMA UMa]y CBE BHILE U3BOpa CHEPIHje
Ka0 M TPEHOCHE pEerylalMoHe ONpeMe YyIpaBibaHe ypehajuma koju paae Ha NPUHLUIY
eHepreTcke enekTpoHuke. Takole, OOHOBJFUBU W3BOPU CYy THUIHYHO y YIAJbEHHM PErHOHHMA
I7ie ce BeJIMKU Opoj MPOU3BOJHUX jeIMHHIIA (BETpOreHepaTopy Wik PV renepatopu) noBesyjy
CPEIICHAITOHCKUM Ka0JI0BHMa KO MTPOU3BEEHY CHEPTH]Y KaHAIMIITY ITPeMa BUCOKOHATIOCKO]
MpEXH KoOja je TOJI KOHTPOJIOM cHcTeM omeparopa. KaOmoBcke Mpexke, KOMOMHOBaHE ca
WHIYKTUBHHM MPEKHUM €JIeMEHTHMa YBEK MMajy COIICTBEHE PE30HAaHTHE (PpEKBEHIIH]jE KOje
ce TMHAMUYKHU MEHajy ca MPOMEeHaMa MPEXHE TONOJIOTHje. Y HEKHM OIepaTUBHUM yCIOBHMA
Moryhe je nma mohe 1o HeXeJbeHUX HMHTepakiuja usmehy mpexe u ypehaja koju moBesyjy u
perynuily cTpyje ¥ HarmoHe Ha NMPHUKJbYYIMMa OOHOBJbMBUX M3BOpa. OBE MHTEPAKIMjEe HUCY
YBEK JIaKe 3a pa3zyMeBame MOCEOHO y CllydajeBUMa Kaja MOCTOju BHIIEe ypehaja ca akTHBHOM
KOHTPOJIOM KOjU Cy IOBE3aHU y €NEKTPUYHO) ONM3KUHU jeHH A0 npyrux. CiauyHe HHTepaKiiyje
MOTY C€ jaBUTH Takohe moj apyradujuM yciaoBuMa u usMely napyraumjux ypehaja y
MHAYCTPHjCKUM Mpekama.

KibyuHe peun: nperBapadn CHare, €HEPreTcKa eeKTPOHHUKA, CTAOMIIHOCT MaJluX CUTHAJIA,
WHTEpaKIIHje, peryiainja, MpeXHe PECOHAHIIE.
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Resonances and Interactions in Electrical Networks — Growing
Challenges

MSc. Goran Drobnjak, GE Vernova Consulting Services, Germany
Abstract

In the recent years, electrical networks around the world have more and more energy sources
as well as transmission regulation equipment controlled by devices operating on the principle
of power electronics. Also, renewable sources are typically in remote regions where a large
number of generating units (wind generators or PV generators) are connected by medium-
voltage cables that channel the produced energy towards the high-voltage network that is under
the control of the system operator. Cable networks combined with inductive network elements
always have their own resonant frequencies that change dynamically with changes in the
network topology. In some operating conditions, it is possible that undesired interactions might
occur between the network and the devices that connect and regulate the currents and voltages
at the connections of renewable sources. These interactions are not always easy to understand,
especially in cases where there are multiple active control devices connected in mutual
electrical proximity. Similar interactions can also occur under different conditions and between
different devices in industrial networks.

Keywords: power converters, power electronics, stability of small signals, interactions,
regulation, network resonances.
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AHaJIM3a YTHIAja IPUK/bYYEHA COJIAPHE €JIEKTPAHE HA CUCTEM
nomMohy KBa3u-ITMHAMHMYKOT MIPOPAYYHA

Capa CramaroBuh, Mucturyt Hukona Tecna an, Yauusepsurert y beorpany,
Penybnuka Cpouja

Kparak cagpikaj

[Tocnenmux HEKOTUKO ACTIeHH]a, 00HOBJFMBU U3BOPU €HEPTH]jE MOCTAH CY KJbYUHU (HAKTOp Yy
00opOM TPOTHB KJIMMATCKUX TPOMEHAa W jellaH O]l IIaBHHUX Yy3pOKa IoOajHE EHEPreTcKe
Tpan3uuuje. Hacrana je xutHa nmorpeda 3a 100HMjameM ,,4ucTe” eHEpruje, Mpe CBera u3 u3Bopa
KOjH KopHcTe eHeprujy Berpa wim CyHna. Y Iiby CHHXPOHH3AIIH]je TIOHAIIAka MPOU3BOIHUX
JeAMHUIIAa Yy WHTEpKOHEKUHWju, EBpolicka KOMHCHja je JOHENa YCIOBE 3a NPUKIbYUYCH-C
npou3Bohavya enekTpuuHe eHepruje Ha Mpexy (A network code on requirements for grid
connection of generators — RfG), rae je nedunncana kareropusannja IpOU3BOAHUX jeIUHHIIA
M0 TWIIOBMMA, M Ha3HAYCHU Cy YCIOBH KOjeé CBAaKH THII jEAMHHUIIE MOpa Ja WCITYHH.
AHaNIM3MpaHo je MPUKIbYUCH-E BEIUKE COJIAPHE €JIEKTPaHe Ha IPEHOCHH CHCTEM U HCH YTHUIIA]
Ha TPWIKKE Y MPEXHU. 3a MPOpavYyH TOKOBA CHara y CUCTeMy KOpHIINEH je KBa3H-IHHAMUYKH
MpOpavyyH, Tako Ja je, YMECTO TPU KapaKTepUCTUYHA pekuMa (JIETHU U 3UMCKUA MaKCUMyM U
JEeTHU MUHUMYM), carienano 8760 crama, 3a cBaku car y roguHu. OBakaB MpopayvyyH, UaKo
MHOTO CJIOKEHH]jH, 1aje cBeoOyXBaTHHUjH ceT MHpOopMaIija o IpuiIrkama y cuctemy. @opmupa
ce CHMYJIAIMOHHU MOJIE, IJIe CYy MOJICJIOBaHE CaTHE BPEIHOCTH aKTUBHE M PEaKTUBHE CHAre y
CBUM IOTPOIIAYKUM YBOPOBUMA Yy MPEXKH, KA0 U aKTHBHA M PeaKTHBHA CHAra y TeHeparopCKuM
YBOpOBUMA, ako je wmoryhe. [eHepucame cojapHe €JIeKTpaHe Koja Ce€ MPHUKIbYdyje
MPECTABIbEHO j€ TMHEAPHUM MOJICIIOM, CKaJTUPA-EM MOJaTaka O XOPU30HTAIHO) HHCOJAIN]H
Ha JIOKallMju eJIeKTpaHe. EmMmupujcku, penatuBHA rpemka u3Mmel)y ykymHe mpou3BeneHe
CHepruje y TOKy jelHe TOIWHE M NPEeTHOCTaBJbEHE INPOU3BOAKE H3HOCH OkOo 5%. VY
IMOCMaTpaHoOM TPHUMEDPY, eJIeKTpaHa Koja ce Mpukibyuyje (mHcTamucane cHare 150 MW) ne
yrpokaBa einemMeHre y cucremy. Hajehe mpoMeHe ca cTaHOBHUINTA HAOHCKHX MPWINKA U
ontepehema eneMeHara ce, Kao IITO j6 W OYEKHBAHO, JEIIaBajy Ha MECTY NPUKIbYYCHa
eJIEKTPaHE U Ha eJIEKTPUYHO OJIMCKUM BOIOBUMA U TpaHchopmaropuma. [Ipunukom npopadyHa
IocMaTpaHa Cy TpU pexuMa paja eJIeKTpaHe, Kaja je (pakTop cHare jeHaK jJeIUHUIIN, U Kaja
je jennak 0,95 xanmauMTUBHO U MHAYKTUBHO. MakcuManHo onrtepeheme MPUKIbYYHOT BOJA 3a
WHIYKTUBHH PEXHUM U pexkuM cose=1 u3nocu 84%, 1ok je Hajpehe y KalaluTUBHOM PEXKUMY
u mHocu 94%. Ilputom Tpeba Hamomenytu na ce onrepeheme Boma Behe om 90% y
KaImalMTHBHOM PEKUMY jaBJba y cBera 24 yaca y TOKy rofguHe. 3akJby4eHo je aa je, ycien seher
HUBOA JICTAJbHOCTH, a ¥ U3 ONEPATUBHUX PA3JIora Kako 32 MHBECTHUTOPA, TAKO U 3a OIlepaTopa
CUCTEMA, MOTOJHHU]e KOpUIIThemhe CUMYIIAIIMOHOT MOJIeNia Ha CAaTHOM HUBOY (OJJHOCHO KBa3H-
JMHAMUYKOT CUMYJIallMOHOT Mojerna). Ha ocHOBY pe3ynrara ca caTHOM pe30JIyLIjOM MOXe ce
nohu 10 00Jbe TPOIIeHE HE caMO KPUTHYHHX PEXKHAMA Ca CTAHOBHIITA YTPOXKaBamha HAITOHCKUX
rpanuna wim npeontpehema y Mpexu, Beh U y4eCTaHOCTH HEroBOT' TIOHABIbAMA.

KibyuHe peum: KBa3u-JIMHAMHKa, TOKOBU CHara, CoJiapHa €JeKTpaHa, CUMYJIAIMOHU MOJET,
MPUKJbYUYCH-E Ha CUCTEM.
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Analysis of the Connection of the Solar Power Plant to the System
Using Quasi-Dynamic Calculation

Sara Stamatovi¢, Nikola Tesla Institute, University of Belgrade, Republic of Serbia
Abstract

In the last few decades, renewable energy sources have become a key factor in the fight against
climate change and one of the main causes of the global energy transition. There is an urgent
need to obtain “clean” energy, primarily from sources that use wind or solar energy. In order to
synchronize the behavior of production units in the interconnection, the European Commission
adopted the requirements for connecting electricity producers to the grid (4 network code on
requirements for grid connection of generators — RfG), where the categorization of production
units by type is defined, and the conditions that each type of unit must meet. The connection
of a large solar power plant to the transmission system and its impact on network conditions
were analyzed. Quasi-dynamic calculation was used for the calculation of power flow in the
system, so that instead of three characteristic modes (summer and winter maximum and
summer minimum), 8760 conditions were considered (one for every hour of the year). This
calculation, although much more complex, provides a more comprehensive set of data and
about the system. In the simulation model, hourly values of active and reactive power in all
consumer nodes in the network are modeled, as well as active and reactive power in generator
nodes, if possible. The generation of the connected solar power plant is represented by a linear
model, by scaling data on horizontal insolation at the location of the power plant. Empirically,
the relative error between the total energy produced in one year and the assumed production is
about 5%. In the analyzed example, the power plant (which has 150 MW of installed power)
does not endanger the elements in the system. The biggest changes regarding the voltage
conditions and level of load of elements, as expected, occur at the point of connection of the
power plant and on lines and transformers close to the point of connection. Three operating
scenarios of the power plant were considered, cose=1, cosp=0.95 cap. and cosp=0.95 ind. The
maximum load of the connecting line for inductive operational scenario and scenario when
cose=1 is 84%, while it is the highest when the power plant is operating in capacitive mode
and amounts 94%. It should be noted that loading of the connection line greater than 90% in
capacitive mode occurs only in 24 different hours a year. It was concluded that, due to the
greater level of detail, and for operational reasons both for the investor and for the System
Operator, it is more convenient to use the simulation model at the hourly level (that is, the
quasi-dynamic simulation model). Based on the results with an hourly resolution, a better
assessment can be made not only of critical scenarios regarding the critical voltage limits or
overloading in the network, but also of the frequency of its occurrence.

Keywords: quasi-dynamic calculation, power flow, solar power plant, simulation model,
connection to the system.
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Kparak caap:axaj

VY pany je mpencTBajbeHO (popMHUpakE CHUMYJIAMOHOT MOJIENa 3a MOTpede aHaliu3e yTHiaja
oOHOBJpMBUX U3BOpa eHepruje (OUE) Ha kBanmuTeT elIeKTpUYHE EHEepPruje y MPEHOCHOM
cucteMy. Pag naje koHKpeTaH mpuMep M3 TMpakce. 3aaarak je OMo OApeauTH €KBHUBAJICHTHY
UMIIEIaHCy CUCTEMA Y (PEKBEHIINCKOM JIOMEHY Y MOjeIMHUM TaukaMa Mpexe. To cy Tauke y
KOjuMa Ce O4eKyje MpuKJbydewe 3Hauajuuje cHare n3 OUE. Cumynanuonu moaen Tpeba na ga
MaTpHily UMIIEJAaHCH CHUCTeMa y H3abpaHMM Taukama 3a pa3jInuuTe ciydajeBe. Jpyrum
peunmMa, TOTpeOHO je OAPEAUTH COICTBEHY MaTpPUIly CHCTeMa Yy OJa0paHWM Tadkama, 3a
pa3IuYMTe CllyyajeBe U Ipu pa3sTuuuTUM (ppeKBeHIIMjaMa, T3B. frequency sweep aHaIu3a.

Jla Ou ce oapeawsiia UMIEAaHCAa CUCTEMa JIOCTaBJbEH j€ CIIOKEH CUMYIAlMOHU MO
LIEJIOKYITHE TIPEHOCHE MPEkKe, KOjH YKJbYUYje 10CTa eleMeHaTa pa3IiuuTUX HAalIOHCKUX HUBOA.
Takohe HOCTaBJbEHO je IIECT PANMUYUTHX pPATHUX PEKHUMa, OJHOCHO Pa3IUYUTHX
OTEPALMOHUX CLIEHapHWja KOjU ce OJHOCe Ha HUBOe onrTepehema M reHepucama y MpEexH.
JlocTaBibeHH Cy peXUMH JIETHET MUHMMyMa M MakCUMyMa 3a JBE TOJHMHE, Ka0 U PEeKUMU
3MMCKOT MUHUMYMa U MaKCUMYyMa 32 jeIHy TOJIUHY.

Takohe, mocraB/beH CHMyJAllMOHW MOJEI je JaT y mporpaMckoMm makety Siemens PSSE a
3aXTEBAHO je Ja npopadyHu Oyny pahenu y coprBepy Digsilent PowerFactory. 3a oBe motpebe
M3BpIICHA j€ KOHBEP3Hja CHUMYJIAIMOHOT MOJEla, 32 CBE JOCTaBJbEHE PEXHME M3 jeAHOT
co(TBepcKor nakera y npyru. Bepudukamuja moznena je u3BpuieHa nopehemem pesynrara
TOKOBa cHara y o6a cotBepa. YCBOjeHO je /1a je JOBOJbHO J0OPO KOHBEPTOBAH MOJIEN OHAj 3a
KOjU je MOCTUTHYT pe3yATaT pa3jiuke y TOKOBHMMa aKTMBHUX cHara 1o 3% a y TOKOBHMA
peakTuBHE cHare 10 5%.

OBako (opMupan CUMyIallMOHM MOAEJT j€ JIOJAaTHO yHampelheH yBakaBameM 3aBHCHOCTHU
MIPOMEHE UMIIEAaHCE BOIOBA M TpaHChoOpMaropa y Mpexu o GppekBeHnuje. Jpyrum peunma,
3a MMPEeHOCHE BOAOBE U TpaHC(hOpMAaTOpe YHETa je Y MOJEI 3aBUCHOCT HUXOBE UMIIEJAHCE OJf
¢bpexBennyje. [lorom TakBe uMINenance yaasze y npopadyH yKyIHE €KBUBAJICHTHE UMIIEJaHCE
cucremMa. BaxkHo je HaloMeHyTH /1a je 0Baj TUI MoJaTKa Crieu(pHUaH U PETKO jaBHO JIOCTYIaH
ra cy MpU MOJIEIOBamky YBaXXEHE OINIITE MPETNopyKe Koje Cy 3a OBe MoTpede neduHmcaHe
CIGRE 6pourypom 766. tbuma ce yBakaBa mpoMeHa OTIIOPHOCTH eJIeMeHaTa ca ()peKBEHIN)jOM
Kao Tocienuiia CKMH edekTa, JOK ce MPOMEHa peakTaHce ca (PPEKBEHIIMjOM yCBaja Kao
JMHEapHa.

Ha ¢popmupanoM cumynanmoHoM Mojiely BpLICHA je frequency sweep aHalu3a 3a CBUX ILIECT
palHUX CTamka MpEKe. 3a CBAKO CTambE YBAXKEH je, TOpe] OCHOBHOT MPOpavdyHa, ¥ IPOpadyH ca
HCITaIiMa HEKOT O] BOJIOBA MJIU TpaHcopmaTopa y Mpexxku. Ha Taj HaunH qo0ujeHa je MaTpuiia
KOja CcajipXKH COIICTBEHY MMIIEJ]AHCY CUCTEMA Y 01abpaHoj Tauku y (PPEKBEHLIN]CKOM JOMEHY,
3a BENUMKH OpOj pa3IMuuTUX CTama y MpEkH. 300r TOra MOIET MOXE IOCITYKHTH 3a
cBeoOyxBarHy TmpoueHy yrtumaja OUWE Ha KBaJUTET eNEeKTPUYHE EHEpruje y Tauku
NpUKJbyUYeHwa. Takohe y Mozen ce, ako je moTpeOHO, MOTY HHTETPHUCAaTH MEpEeHha XapMOHUKA U
¢rukepa.
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Abstract

The paper presents the formation of a simulation model for the analysis of the impact of
renewable energy sources (RES) on the quality of electricity in the transmission system. The
paper presents a concrete example from practice. The task was to determine the equivalent
impedance of the system in the frequency domain at certain points of the network. These are
the points where significant power from RES is expected to be connected. The simulation
model should give the system impedance matrix at selected points for different cases. In other
words, it is necessary to determine the system’s own impedance at selected points, for different
cases and at different frequencies, the so-called frequency sweep analysis.

In order to determine the impedance of the system, a complex simulation model of the entire
transmission network, which includes many elements of different voltage levels, was
submitted. Also there were six different operating modes, i.e. different operational scenarios
related to load and generation levels in the network. Summer minimum and maximum regimes
for two years, as well as winter minimum and maximum regimes for one year have been
provided.

Also, the submitted simulation model is provided in the Siemens PSSE software package, and
the calculations are required to be done in the Digsilent PowerFactory software. For these
needs, the simulation model was converted for all delivered scenarios from one software
package to another. Model verification was performed by comparing the power flow results in
both software. It was accepted that a sufficiently well-converted model is one for which a
mismatch in active power flows is up to 3% and mismatch in reactive power flows is up to 5%.
The simulation model formed in this way was additionally improved by taking into account the
frequency dependence of the impedance change of lines and transformers in the network. In
other words, for transmission lines and transformers, the dependence of their impedance on
frequency was entered into the model. Then such impedances are included in the calculation
of the total equivalent impedance of the system. It is important to note that this type of data is
specific and rarely publicly available, so the general recommendations defined for these
purposes in CIGRE Technical Brochure TB 766 were taken into account during modeling. They
take into account the change in resistance of elements with frequency as a consequence of the
skin effect, while the change in reactance with frequency is adopted as linear.

A frequency sweep analysis was performed on the created simulation model for all six
operating states of the network. For each scenario, in addition to the basic calculation, a
calculation with outages of one of the lines or transformers in the network was taken into
account. In this way, a matrix was obtained that contains the system’s own impedance at a
selected point in the frequency domain, for a large number of different states in the network.
Therefore, the model can be used for a comprehensive assessment of the impact of RES on the
power quality at the connection point. Harmonic and flicker measurements can also be
integrated into the model if necessary.

Keywords: power quality, system impedance, frequency sweep analysis, model conversion,
Digsilent PowerFactory.
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Kparak cagpikaj

Kana ce pa3marpa 3agarak onTUMaiHe KOMIICH3alMje€ PEAaKTUBHE €Hepruje y TUCTPUOYTUBHO]
mpexkn Heke TC 110/X kV, Texxu ce onTUManHOM JIONHUpamky KOHJIEH3aTOPCKUX Oarepuja.
MaremaTtuuky MoJiesl JUCTPUOYTUBHE MpPEKEe TEOPUJCKU JOMYIITA TPETUPAE CBAKOT YBOPA
MpeKe Kao MOTSHIM]alTHy JIOKAIM]y 3a yrpadamby KOHJAECH3aTOpCKuX Oarepuja. MelhyTum, jacHo
je 1a OBO HHje ciIy4aj y mpakcu. 300r Tora, mpu ogadupy NOTEHIIMjaTHUX JOKAIHja 3a yrpaamby
KOHJICH3aTOPCKHX Oarepuja, Tpeba oOpaTuTH NMakikpy Ha 00jeKTHBHA OTPaHUYCHA, Ka0 IITO CY
BpcTa yBopa (caOupHHUIA, pauBa), MocTojamka Beh yrpal)eHMX KOHIEH3aTopcKux Oarepuja,
pacnoniokuBuX henmuja u mpocropa kako y TC cpenmer HamoHa, Tako u'y TC X/0,4 kV,
JOCTYIHOCT (BIACHHUILITBO) MOCMATPAHOT YBOpPa (caOupHHUILE).

[Topen oBHX O00jeKTUBHMX OTpaHHYCHA, Yy MOJACIMMA IUCTPUOYTHBHHX MpekKa Koje
KapaKTepHIle U3pa3uTO BEJTUKU OpOj YBOPOBA, IMOTOJHO j€ MPETUMHHAPHO W3JBOJUTU YKU
CKYI TIOTEHIIHjaJIHUX JIOKAI[Mja Ha OCHOBY aHAJIN3€ OCETJFUBOCTH M HAIIOHCKMX Ipruinka. Ha
OBaj HA4YMH NPHUMEHa aJropuT™Ma 3a ONTHUMAJHY pacloieiny | JTUMEH3HOHUCAHE
KOHJICH3aTOPCKHX Oarepuja MocTaje MpakTHIHO U3BOAJBUBA Y CITyYa]y OBAKBUX MPEXKa.

Jla 6um Momia faa ce U3BpIIM NPOIEHA IOAOOHOCTH HEKOI pelliemha IpU pellaBamby
ONTUMU3AIMOHUX 3a/1aTaka, AeuHuUIe ce oaroBapajyha kpurepujymcka pyHknuja. Bpeanoct
KpUTepujyMcke (yHKIMje, 3a Jare BPEIHOCTH Ilapamerapa, OJHOCHO 3a MOTEHIIHjaTHO
peliene 3a1aTKa, MPEACTaBba Opa3 Tora KOJIMKO JaTO PEIIeHhEe YCIEIIHO OCTBApYje 3aXTeBe
ONTUMH3AIMOHOT 3a/1aTka. Ha oBaj HauuH je Moryhe carenaru penaruBHY MPETHOCT HEKOT
pemema y ogHocy Ha apyra. Ca japyre cTpaHe, BPEeOHOCT KpPUTEpHjyMcKe (yHKIHjE 3a
ONTUMAJIHO pelleHe Npyka MH(POpPMALKjy O TPOLIKY MHBECTUIMjE KOja jé HEONXOoIHa 3a
OCTBApHBAE ONITUMAITHOT PEIICHa, Ka0 M 0 BPEeMEHY HCIUIATHBOCTH HHBECTHIIH]E.
Kpurepujymcka Qyskiuja ce o0n4Ho aeduHuIe y o0auKy yKymHOT TPOIIKa, Kaja je b Ja
ce OBaj YKYIIHH TPOLIAK MHHUMH3HPA, HJIH y OOIHKY pa3jIiKe YIITe e U TPOIIKa HHBECTHUIIH]E,
KaJa je II1Jb J1a ce OBa pas3iivka Makcumusupa. Kpurepujymcka ¢pyHKIHja y OOTUKY YKYITHOT
TPOIIIKA j€ JeTHOCTaBHHU]a 32 UMIUIEMEHTAIIH]Y, TIa J€ Y OBOM CJIy4ajy OHa ymoTpeOJbeHa.

Kao anropuram 3a onTUManHy pacrnojeny U AUMEH3MOHUCAmhe KOHACH3aTOPCKUX Oarepuja y
JTUCTPUOYTHBHO] MPEXH, Ca CTAHOBHUIITA YIIOTPEOJLUBOCTH 3a TOTpeOe, Ka0 M MOTOTHOCTH 3a
UMIUIEMEHTALU]y, yIOTpeOJbEH je alropuTaM 3aCHOBAH Ha METO/y JIOKAITHUX BapHjallyja.
MerTon IOKaTHUX BapHjalija ce 3aCHUBA Ha JeTHOCTABHO] UJIEjU Ja CE 3a CBAKH OJ1 IPETXOTHO
ofxadpaHuX KaHIUAaTa YBOPOBA 3a YIpajimy KOHACH3aTOPCKUX Oarepuja UTepaTuBHO TECTUPA
MOMOOHOCT Jare TMO3HIMje Yy MPEXH W oiarorapajyhe cHare KOHJIEH3aTOpCKe Oarepwuje.
[TogoGHOCT ce mpaTH mpeKko pe3ynTtyjyhe BpeAHOCTH KpUTEpHjyMcKe QPyHKITHje. AITOpUTam Of
uTepalyje 10 HWTepalrje y MpPEeXy IOCTENeHO Jo0jaje KOHJICH3aTopcke Oarepuje, CBe 0
MOMEHTa KaJa BPEIHOCT KpUTepUjyMcKe (yHKIMje Y HapeqHO] HTEpaluju HE OCTBapu
MOBOJbHU]Y BPEAHOCT y OTHOCY Ha MPETXOAHY HTEpaldjy WIA YKOJIUKO C€ JOCTUTHE
MPETXOJHO 0adpaH MakcuMaiaH Opoj uTeparnmja.

36


https://orcid.org/0000-0003-3084-5242

Merton JIOKaJIHUX BapHjaldja je TOMYyHhEeH U JEAHUM KOPaKOM KOjH, Y CIIy4ajy Mpexa Cpeler
HalloHa ca BEJIMKHM OpojeM 4BOpoBa, omoryhaBa oapehuBame yKer CKymna MOTEHITUjaTHUX
YBOpOBa 32 yrpajmby KOHIACH3aTopckux Oarepuja. OBaj KOpak je ONIIMOHU M MOXeE Ja ce
MIPECKOYU KOJ MpeXa CTaHIap/IHE BEJIMYUHE O] Iap CTOTHHA YBOPOBA.

Ono mTo TpeOa HAMIOMEHYTH j€ J1a OTMCAHU aJTropuTaM Mocenyje MOryhHOCT caMOKOpEeKITHje,
Oynyhu na y HapegHUM UTepalfjaMa IpoBepaBa aJIeKBaTHOCT HUBOA KOMIICH3AIIH]€ YBOpa T/Ie
je mpeTtxoaHo Beh mpensioxkeHa yrpama KOHIeH3aTopcke b6atepuje.

Jla 6u ce omoryhro HajpUKIaIHU]HU MPEUIOT Peliemka 3a oapehenn nucTpuOyTHBHH KOH3YM,
y UMIUIEMEHTAIMjH aJIropuT™Ma oMoryheH je u300p Tumna KOHIeH3aTopcke Oarepuje Koja MoxKe
na Oyzie peiokeHa y OKBUPY ONTUMH3AIMOHOT TTOCTYIKa. Tako je mpenuheH nuzoop usmehy
(UKCHUX KOHJIEH3aTOPCKUX Oarepuja, KOHIEH3aTOPCKUX Oarepuja BapujabuUiIHE cHare u
MEIIOBUTOT THIA, OJTHOCHO CHCTEMa KOHJICH3aTOPCKUX OaTepHja cacTaBJbEHOT Ol (UKCHOT U
BapujabHIIHOT Jiena.

AnropuTaM je HWMIUIEMEHTHPAaH y OKBHUpPY mporpamckor jesuka DPL, koju mpemcraBiba
cactaBHU €0 copTepckor anara DIgSILENT PowerFactory.

KibyuHe peun: koMneH3anuja, Kputepujymcka GpyHKIHja, IMCTpUuOyTUBHA MpEXa, peaKTUBHA
enepruja, DIgSILENT PowerFactory.
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One Methodology for Optimal Compensation of Reactive Energy
of a TS 110/x kV Consumption

Branka Kovacevi¢, Nikola Tesla Institute, University of Belgrade, Republic of Serbia
ORCID: 0000-0003-3084-5242

Abstract

When considering the task of optimal compensation of reactive energy in the distribution network of
some TS 110/X kV, the aim is to optimally locate capacitor banks. The mathematical model of the
distribution network theoretically allows treating each node of the network as a potential location for
the installation of capacitor banks. However, it is clear that this is not the case in practice. Therefore,
when choosing potential locations for the installation of capacitor banks, attention should be paid to
objective limitations, such as the type of node (busbar, line node), the existence of already installed
capacitor banks, available cells and space both in the medium voltage transformer substations and in
the TS X/0.4 kV, availability (ownership) of the observed node (bus).

In addition to these objective limitations, in models of distribution networks characterized by a
particularly large number of nodes, it is convenient to preliminarily select a narrower set of potential
locations based on the analysis of sensitivity and voltage conditions. In this way, the application of
the algorithm for the optimal distribution and sizing of capacitor banks becomes practically feasible
in the case of such networks.

In order to be able to assess the suitability of a solution when solving optimization tasks, a suitable
criterion function is defined. The value of the criterion function, for the given values of the
parameters, that is, for the potential solution of the task, is a reflection of how successfully the given
solution fulfils the requirements of the optimization task. In this way, it is possible to see the relative
advantage of a solution compared to others. On the other hand, the value of the criterion function for
the optimal solution provides information about the cost of the investment that is necessary for the
realization of the optimal solution, as well as about the investment payback time.

The criterion function is usually defined as a total cost, when the goal is to minimize this total cost,
or as a difference between savings and investment cost, when the goal is to maximize this difference.
Since it is easier to implement, the total cost criterion function was used in this case.

As an algorithm for the optimal distribution and sizing of capacitor batteries in the distribution
network, from the point of view of usability for needs, as well as convenience for implementation, an
algorithm based on the method of local variations was used.

The method of local variations is based on the simple idea that for each of the previously selected
candidate nodes for the installation of capacitor banks, the suitability of a given position in the
network and the corresponding capacity of the capacitor bank is iteratively tested. Eligibility is
monitored via the resulting value of the criterion function. The algorithm gradually adds capacitor
batteries to the network from iteration to iteration, until the moment when the value of the criterion
function in the next iteration does not achieve a more favorable value compared to the previous
iteration or if the previously selected maximum number of iterations is reached.

The method of local variations is supplemented by one step which, in the case of medium voltage
networks with a large number of nodes, enables the determination of a narrower set of potential nodes
for the installation of capacitor banks. This step is optional and can be skipped for networks of a
standard size of a few hundred nodes.

What should be noted is that the described algorithm has the possibility of self-correction, since in
subsequent iterations it checks the adequacy of the compensation level of the node where the
installation of the capacitor battery was previously proposed.
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In order to enable the most appropriate solution proposal for a certain distribution consumption, in
the implementation of the algorithm it is possible to choose the type of capacitor battery that can be
proposed as part of the optimization procedure. Thus, the choice between fixed capacitor batteries,
capacitor batteries of variable power and mixed type (a system of capacitor batteries composed of a
fixed and a variable part) is foreseen.

The algorithm is implemented within the DPL programming language, which is an integral part of
the DIgSILENT PowerFactory software tool.

Keywords: compensation, criterion function, distribution network, reactive energy, DIgSILENT
PowerFactory.
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IIporuo3a HaNMmOHCKO PEAKTUBHUX CTaHha Y OKBUPY NPUPO/IHE
HAMOHCKeE 30He

Mupocnas Jlparuhesuh, Muctutytr Hukona Tecna an, Yausepsuret y beorpany,
Penyonuka Cpouja

Kparak cagp:axaj

[{nsp oBOT HCTpaXKMBama je pa3Boj oAroBapajyhux Mojena MalMHCKOT yUeHwha 3a MpeaBulame
BPEIHOCTHU HamoHa Ha ctpaHu mpexe on 400 kV. [Monanu xoju ce kopucTe 3a 00yKy mMozena
YKJbY4Y]y JIBOTOJIMIIGE WCTOPH]CKE TOJATKE O HAIMOHY, 33j€THO Ca XHUJIPOMETECOPOJIOIMKUM
MIPOMEHJbUBUMA, TIPU YEMY j€ TeMIepaTypa Haj3Ha4ajHUju (HakTop, OAPIKaH METECOPOJIOIIKIM
romuIImanuMa. JlogatHu yina3Hy Moiany yKJbyqyjy BIXHOCT Ba3ayXa, IpaBail BeTpa, Op3uHy
BETpa, MaJaBUHE U MOjaBy JeJa Ha aajnekoBoauma. IIpenBulame BpeJHOCTH HAMlOHA UMa 3a
IIUJb TPOTHO3Y aHTKOBaMkha CTATHYKUX PEAaKTUBHUX PE3EPBH, Ca MEPUOIOM y3poKoBama of 10
MUHYyTa (MUH/Makc/mipocek). OBH momaiy oMoryhasajy TOIUIIbE MIIAHUPAKHE YBO3a CHEPTHje
W TIepHo/ia Oip)KaBamka, Kao U THEBHO TUIAHMpakhe aHTaXoBama Kananurera. Cienehn kopak y
UCTPaXXMBaby j€ MPOTHO3a TUHAMUYKUX PEaKTHBHHUX PE3epBH, Ie OM ce 3a 00yKy Mopnena
KOPHUCTHJIN y30pIiH ca (PpEeKBEHIIN]OM OJT Je[IHE CEKYH/Ie U YenThu y30pIiy.

Kiby4He peun: MammHCKO y4ee, IPOTrHO3a HAOHCKO PEAKTUBHHX CTamba, CTalbio
OITyYMBama, TPaIujeHTHN OyCTHHT, perpecuja.

Buorpaduja npenapaua

MupocnaB JlparuheBuh, aumi. WHX. €. AUIJIOMHpAO je Ha
EnexrporexuuukoMm dakynrety YauBep3utera y beorpamy Ha cmepy
3a EJEeKTPOCHEpreTcke cucreMe. PagHO HCKYyCcTBO je cTekao y
CEeKTOPY HHIYCTPH]CKE ayToMaTHh3alldje KOje€ je YyHampeauo u
npowrpuo 'y EnexrporexnunukoM wuHcturyTy Hukoma Tecna y
Lentpy 3a ayromaruky u perymanujy. Crenmjasn3oBao ce 3a
VIOpaBJbathe UHAYCTPUJCKUM U TEXHOJIOMIKMM  IMPOIeCHMa
KopummhemeM TIPOIECHUX padyHapa, peryjiandjy TypOuHa U
LEJIOKYITHO ~ yIpaBjbakbe MaJuM Xujapoenekrpanama. (OOaBipa
GbyHKIIH]Y 3aMeHUKa pykoBoauora Crerujain3oBane Jjaboparopuje
3a HCIHUTHBamka CUCTEMAa TYpPOWMHCKE peryiamnuje y OKBHUPY
JIa6opaT0pHJe 3a WCIUTHBAamkE U eTajoHupame. Unan je Mmxemepcke komope CpoOuje u
Komucuje 3a crangapae HO57 — YipaBibame v KOMyHHKAIH]a y €IIEKTPOCHEPTETCKOM CUCTEMY
WNucturyTta 3a ctangapauzaiujy Cpouje.
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Forecast of Voltage-Reactive States within the Natural Voltage
Zone

Miroslav Dragicevi¢, Nikola Tesla Institute, University of Belgrade,
Republic of Serbia

Abstract

The goal of this research is to develop appropriate machine learning models for predicting
voltage values on the 400 kV side of the grid. The data used for training the models include
two years of historical voltage data, along with hydrometeorological variables, with
temperature being the most significant factor, supported by meteorological yearbooks.
Additional input data include air humidity, wind direction, wind speed, precipitation, and the
appearance of ice on power lines.

The prediction of voltage values aims to forecast the engagement of static reactive reserves,
with a sampling period of 10 minutes (min/max/avg). This data enables annual planning of
energy imports and maintenance periods, as well as daily planning of capacity engagement.
The next step in the research is the forecast of dynamic reactive reserves, where samples with
a frequency of one second and more frequent samples would be used for model training.

Keywords: machine learning, forecasting voltage-reactive states, decision trees, gradient
boosting, regression.
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HNurterpaunja OUE, 0arepujckux CKIAAUIITA EHEPruje u
peryJiucaHe nNoTpoIkb€ y BUPTYEJIHY eJIeKTPaHy jeHe
MPOU3BOJAHO MOTPOLIAYKE 00/1aCTH

Jenena [TaBnosuh, UuctutyT Hukona Tecna an, Yausepsuret y beorpany,

Penybnuka Cpowuja
ORCID: 0000-0001-5265-7408

Kparak cagp:axaj

[{nsp oBOT paja je u3ydyaBame yTUIlaja HHTErpainyje o0HoBbUBUX M3Bopa eHepruje (OUE) ca
NPOMEHJbUBUM MpPHUMapHUM pecypcoM Ha mnocrojehe H3BOpe eNeKTpuyHe EHepruje y
MTPOM3BOHO-TIOTPOIIAYKO] 001acTH. METOAOOMKN TIPUCTYI je 6a3upaH Ha CUMYJIAIIHOHOM
UCnuTHBaky KopuitheweM Hardware-in-the-Loop (HIL) maGopatopujckor cetamna. Y MOy
cy oOyxmaheHe aBe TypOo jeauHuIle moBe3ane Ha 110 kV cabupHuie, mok je mapaneaHo
TPaJMIIMOHAIHO] eNIeKTPaHHu MPUKJbyYeHa BeTpoesiekTpaHa cHare npubnmxHo 20% ox cHare
TpanuioHanHe enekrpane. Kopucrehu Tunuyan awjarpam mpoMeHe cHare BeTpOTypOuHe,
aHAJM3UPaHU Cy YTHIAJU HAa HAllOH M TCHEPHCAHy pPEaKTUBHY CHAary TpaIullMOHATHE
enekTpane. EnexTpane cy onpemibeHe CTaHIApJHUM PErylIaTopoM BUPTYEIHE eJleKTpaHe, a
y3€TO je y 003Wp TUIIMYHO HYMEPUYKO Bapupame CHare 1o MpeceKky BeTporapka. Takobe, y
pasmarpame je yKJbyueH TUIIMYaH JHEBHU JWjarpaM HaroHa y TaykH NpHKJbydema Ha 110 kV
Mpexy. Pesynraru ananuse nokasyjy Kako Bapujaiuje y mpousBonmu enepruje n3 OUE yruuy
Ha BapHjalMje HAloOHAa M PEaKTHMBHUX CHAara y TauyKH MPHUKJbY4eHa, IITO je KJbYYHO 3a
ontumanny uaTerpanujy OUE, 6arepujckux ckiaauiiTa eHepruje U peryircale moTPOIIHe y
BUPTYEJIHY €JICKTPaHy.

KibyuHe peun: 0OHOBJBMBH U3BOPU €HEPruje, BETpOTypOrHE, BUPTYEIHA €IeKTpaHa,
perynanyja HaroHa U peaKTHBHE CHare.

buorpaduja npenasaua

Hunnomupana je  Ha  EmektporexHMYkoM  dakyiaTery
VuuBep3utreta y beorpagxy Ha cmepy 3a ayTOMaTHKY.
[TeTHaecToromuime pagHO HMCKYCTBO je crekna y WHcTtuTyTy
Hukona Tecna y LlenTpy 3a ayroMaruky M peryiaugjy y
obyacTuMa HalOHCKO-PEAaKTUBHE PErylalnje, TPYITHE peryialnje
peaKkTUBHE CHare, MOJEIOBama, TYpOMHCKE perynamnuje, fast
transfer mnpoOneMaTHKe W KOMIUIETHOT YIpaBJbalkba MaluM
xunapoenekrpanama.  PykoBomwnmany  je  Cnenujamu3oBaHe
nabopaTtopuje 3a UCIIUTHBaka CUCTEMa TypOMHCKE peryianuje y
okBupy Jlaboparopuje 3a UCIUTUBAKE U eTAIOHUpame. Ynanuma
je Cprckor HamumoHaNHOT komuTeTa MelyHaponHor caBera 3a
Benuke enekrpudne mpexe CIGRE u Komucwuje 3a crangapae H004 — xuapaynudae TypOuHe
HNucturyra 3a cranmapam3anujy CpOuje. AyTopka M KOoayTOpKa jeé HEKOJMKO HAydYHUX U
CTPYYHHX PajoBa.
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Integration of Renewable Energy Sources, Battery Energy
Storage and Controlled Consumption into the Virtual Power
Plant of one Production-Consumption Zone

Jelena Pavlovi¢, Nikola Tesla Institute, University of Belgrade, Republic of Serbia
ORCID: 0000-0001-5265-7408

Abstract

The objective of this paper is to examine the impact of integrating renewable energy sources
(RES) with variable primary resource on existing power sources within a production-
consumption area. Our methodology is based on simulation testing using a Hardware-in-the-
Loop (HIL) laboratory setup. The model includes two turbo units connected to 110 kV busbars,
with a wind power plant providing approximately 20% of the traditional power plant’s capacity
connected in parallel. We utilized a typical power variation diagram of the wind turbine to
analyze the effect on voltage and generated reactive power of the traditional power plant. Both
power plants are equipped with a standard virtual power plant controller, and we accounted for
typical numerical power variations across the wind farm. Additionally, we considered a typical
daily voltage variation diagram at the connection point to the 110 kV grid. Our analysis results
indicate how variations in energy production from RES influence voltage and reactive power
variations at the connection point. These findings are crucial for the optimal integration of RES,
battery energy storage, and controlled consumption into a virtual power plant.

Keywords: renewable energy sources, wind turbine, virtual power plant, Q-V control.
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Peny6nuka Cpouja
ORCID: 0000-0002-4716-0488

Kparak caap:axaj

VY okBHUpy IpenaBama NprKa3aHa Cy pellemha MPUMEHEHa Y aKTyelHO] BEp3UjU ayTOMaTCKOT
perynaropa HanoHa (APH) cunxponor reneparopa WMHTPOJI-22 EneKTpoTexHUYKOT
nacturyta Hukona Tecna. [Topen crangapaaux pemema AeUHUCAHUM aKTYSITHUM CTamheM
CTpyKe, yHampeheHOo pelieme Caap KU M alroputMe Koju omoryhasajy mpumeny APH-a y
yCJIOBHMa €JIEKTPOCHEPTETCKUX o0jeKara y pa3pyheHHM eIeKTPOCHEPTreTCKUM CHCTEMUMA Ca
yAaJbeHUM YBOPOBHMA, KAa0 W Ca MPEHOCHUM CHCTEMOM OCETJbUBUM Ha TPaH3MjCHTHE
HeCcTaOMITHOCTH M TopeMehaje TUa KpaTKuX CIojeBa U y4eCTalIMX HCIajia JesioBa CUCTEMA.
PazBujenu APH Takohe ykibydyje u yHamnpeheH codtBep 3a uaeHTHPHUKALN]Y TUHAMUYKUX
KapaKTepUCTUKa PErylallMoOHOr CHCTEMa, 3a IMOJeUlaBame MapaMerapa peryiaropa HaroHa,
JUMHTEPA U CTAa0MIIN3aTOPa €JIEKTPOCHEPIETCKOT CUCTEMA, Kao U 3a Mpaheme MPOMEHIbBUBUX
crama APH y peannom Bpemeny npeko 6p3e PC485 cepujcke Bese, u ca Crelyjaan30BaHIM
WHAYCTPHjCKUM KOMYHHKALIMOHUM MPOTOKOIMMA Oa3upaHUM Ha ETEPHETY.

Ki/byyHe peum: ayTomMarcku peryjaarop HarloHa, CHHXPOHHM TeHeparop, yHampelheHna
peryianuMoHa W 3allTUTHA PeIleHkha, CTa0MIN3aTop EICKTPOCHEPTETCKOT CHCTEMa, €TEPHET

MHAYCTPH]CKH KOMYHHKAIIMOHU TTPOTOKOJIH.
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INTROL-22 Synchronous Generator Automatic Voltage
Regulator

Dr. Djordje Stoji¢, Nikola Tesla Institute, University of Belgrade, Republic of Serbia
ORCID: 0000-0002-4716-0488

Abstract

The lecture presents the solutions applied in the current version INTROL-22 of the automatic
voltage regulator (AVR) of the synchronous generator of the Nikola Tesla Institute of Electrical
Engineering. In addition to the standard solutions defined by the current state of the art, the
improved solution also contains algorithms that enable the application of AVR in the conditions
of power facilities in power systems with remote nodes, as well as with a transmission system
sensitive to transient instabilities and disturbances such as short circuits and frequent outages
of parts of the system. The developed AVR also includes improved software for identifying the
dynamic characteristics of the regulation system, for setting the parameters of voltage
regulators, limiters and stabilizers of the power system, as well as for monitoring the variable
states of the AVR in real time via a high-speed RS485 serial connection, and with specialized
industrial communication protocols based on Ethernet.

Keywords: automatic voltage regulator, synchronous generator, advanced regulation and
protection solutions, power system stabilizer, Ethernet-based industrial communication
protocols.
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eJIeKTPOCHEePreTCKUX BOA0BA U MOCTPOjemha U Mepe 3alllThTe

Hp Maja ['p6uh, Uucturyr Hukona Tecna an, Yausepsuret y beorpany,

Penybnuka Cpouja
ORCID: 0000-0001-6668-6736

Kparak caap:axaj

3amTuTa CTAHOBHUIITBA O U3JIOKEHOCTH €JIEKTPOMAarHeTCKUM I0oJbUMa MpeACcTaBba BeoMa
3HauajHy 00JIaCT, KOja je MpeAMET MHTEH3WBHOT MCTPaKUBaHkha TOKOM MOCIEIBUX HEKOIUKO
nenenrja. Kao pesynrar HaBeAeHUX UCTpakMBama YCBOjeHE cy MelyHapomHe mpemnopyke u
CTaHJapAH, a y BEJIMKOM Opojy 3eMajba JOHETA je U HallMOHAJHA PEryjaTuBa KojoM ce, u3mehy
ocTtasor, yrBpl)yjy U rpaHuile u3jarama CTaHOBHUIITBA €JIEKTPOMAarHeTckuM mnosspuma. OBa
teMa je y PemyOmunu CpOuju mocrtana moceOHO akTyelnHa TOKOM IMOCHenmux 15 roamna
nMajyhu y Buay unmeHuIly Aa cy 2009. roguHe ycBOjeHH HAIMOHAHH MPOIKMCH U3 00JacTH
3alITUTE CTAHOBHUIIITBA O] HEjOHU3Yjyher 3paderma y )KUBOTHO] cpenunu. Ilponucu, nuzmely
ocTaJor, yIBplhyjy rpaHuiie usjarama CTAaHOBHMINTBA y 30HaMa rmoBehane oCceT/bUBOCTH, Kao
Y HauuH U MEPUOIUKY MCIUTHBama. [1omTo cy mpeaMer pa3marpama MPEeHOCHH BOJOBU H
MOCTPOjeHha, AT je IPUKa3 U aHaJIM3a Haj3HAuYaJHUjUX OJpeI0N HAIIMOHATHUX MPOIHUCa KOje Ce
OZIHOCE Ha eNEKTPOMArHeTCKO MoJbe MHIycTpujcke yuecranoctu (50 Hz). UcnutuBama ce y
MIPaKCH CIIPOBOJIE TYTEM MEPEa, a y ofipel)eHnM ciiyyajeBUMa U IIyTeM MpopadyHa. Mepemem
ce 100Mjajy pe3yiTaT eJIeKTPHUYHOT U MAarHETCKOT 10Jba y AaTOM TPEHYTKY, KOjH 3aBHUCE O]l
yclloBa Ha TepeHy y BpeMe Mepema. [lon oBUM ycioBHMa Moapa3yMeBajy ce TpeHyTHa
reoMeTpHja U3BOpa MoJba, lEroBo CTPYjHO onrepeheme, HAOHU, Kao M MOCTOjambe 00jeKara y
OJIM3MHU MEPHHUX MECTa KOJH MOTY JIOBECTH JI0 TIepTypOaIuje eNeKTPUIHOT Tosba. [Ipunrnkom
OLICHMBAaka YCAINIAIEHOCTH ca MPONMUCAHUM IpaHUIlaMa H3Jaramba HEONXOAHO je MUMaTh y
BHJIy TIOTOHCKE YCJIOBE M3BOpa KOjH Cy HAjHEMOBOJAHHUJM Ca acCIlleKTa HUBOA IOJbA KOJU Ce
JjaBJbajy y mberoBoj okoiauHu. Ctora je, paau npoueHe Hajsehux Moryhux HHUBOA eNeKTPUYHOT
1M MarHeTCKOT I0Jba, y OJpeheHUM ciydajeBUMa MOTPEOHO BPIIUTH MPOpPAYyHE TMO0JbA, MPHU
YeMy je HEOIXOJHO MOJIENIOBATH HAjKPUTHYHUJHU CIIy4aj y TOMIEAY U3JI0KEHOCTH JbyIAH. 300T
CBOje MY)XKMHE W paclpoCTPamEHOCTH, Ka0 W ONM3WHE 30Hama moBehaHe OCET/bUBOCTH
HQ/J36MHM BOJOBHM  IMIPEACTaBJbajy BeOMa 3Ha4ajHE M3BOpE  HHUCKO(PPEKBEHTHOT
€JICKTPOMArHeTCKOT T10Jba Yy JKMBOTHO] CpeawHH. Y ciydajy mocTtojehux BomoBa w
TpaHc(OpMaTOpCKUX CTaHMIIA CIIPOBOJIE CE IMPBa, a M0 NOTPEOH U MEePUOANYHA UCTIMTUBAA
JEIHOM Yy YeTHpU TofuHe. Y Ccllydajy W3Tpajlkhe HOBHX NMPEHOCHUX HAJ3€MHHUX BOJIOBA U
TpaHc(hOpMaTOpCKUX CTAaHUIA WM PEKOHCTPYyKIMje mocrojehux, BakehuM HaIMOHAIHUM
nponrcuMa npeasuleHa je u3pama cTpydHe oneHne ontepehema xuBoTHe cpenune. CTpydHa
OlLleHa TOApa3yMeBa MEpEeme ENEKTPUYHOI M MarHeTCKOr IoJba, YUME C€ y3uMa y 003up
nocrojehe crame, Tj. yTuIaj nocrojehux n3BOpa €IEKTPOMArHETCKOT TOJba YKOJIUKO OHHU
MI0CTOj€ Ha JAaTOj JIOKALIMjU, Ka0 ¥ IPOpauyH eJIeKTPOMarHeTCKOT MoJba 3a Oynyhe crame, unMe
ce yBa)kaBa JIOIPUHOC U3BOPa KOJU C€ TPaJH UM PEKOHCTPYHUIIIE.

VYKOJIMKO ce IPBUM WJIM IIEPHOANYHUM HUCITUTHBABUMA Y 30HU MToBehaHe 0CeTIbUBOCTH U3MEPH
BPEIHOCT €JEKTPUYHOT WJIM MarHeTCKOr I0Jba Koja TpeKopadyje pedepeHTHH HUBO,
HEOIXOJHA je NMPHMEHa Mepa 3a CMambeHmhe BPEAHOCTH Mosba. [lomeHyTe Mmepe ce Mory
MPUMEHHUTH Ha U3BOPY 10Jba UM Ha ITHhEHO] 30HHU, a pa3jIuKyjy Cc€ Y 3aBUCHOCTH OJ1 TOTa Jia
JM je TOTPeOHO CMambEehe HUBOA €IEKTPUYHOT, MAarHETCKOT WK 00a 1moJba.
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Ha ocHoBy Benukor 0poja UCIUTHBama CIPOBEACHHUX Y MPETXOTHOM MEPUOLY MPUKA3aHU Cy
HUBOU T10Jba KOjU CE€ jaBJbajy Y OKOJIMHH MPEHOCHHUX CIIEKTPOCHEPTETCKUX HAI3EMHHX BOIOBA
U TpaHC(OPMATOPCKUX CTaHHUIA W Jara je aHaiuu3a JIoOujeHux pesynrara. Ha ocHoOBy
HCKYCTaBa U3 MPETXOJHOT MEPHUOIa 3aKJbYUCHO j€ Ja Cy y IPAKCH PETKH CIy4ajeBH y Kojuma
Cy MepemruMa T00HjeHe BPEIHOCTH €JEKTPHUYHOI MM MAarHeTCKOT IoJba KOje MpeKopadyjy
nmpomnucaHe rpaHuie. Takohe Cy MpuKa3zaHW peaHd NMPUMEPU Y KOjUMa j€ TPHIUKOM
MPETXOJHUX UCITUTHBAMA JIONUIO JI0 IpeKopayekha peepeHTHUX HUBOA, K0 U METOJIE KOje Cy
MpUMEEHE Jla OM BPEIHOCTHU TM0Jba OMJIe CMameHE MCIOJ IPONMHCAHUX pedepeHTHUX
TpaHUYHHUX HUBOA.

KibyuHe peun: eJIeKTpUYHO [10JbE, MarHETCKa MHAYKIM]ja, HEjoHU3Y]jyhe 3padere, MPEHOCHU
BOJI, TpaHc(opMaTopcka CTaHHIIA.
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Levels of Electromagnetic Fields in the Vicinity of Transmission
Power Lines and Facilities and Mitigation Techniques

Dr. Maja Grbi¢, Nikola Tesla Institute, University of Belgrade, Republic of Serbia
ORCID: 0000-0001-6668-6736

Abstract

Protection of the general public from the exposure to electromagnetic fields is a very important
area, which has been the subject of intensive research during the last few decades. As a result
of the aforementioned research, international recommendations and standards were adopted,
and in a large number of countries national regulations were adopted as well, which, among
other things, determine the prescribed limits of exposure of the general public to
electromagnetic fields. This topic has become particularly important in the Republic of Serbia
during the last 15 years, bearing in mind the fact that in 2009 national regulations in the field
of general public protection from non-ionizing radiation in the environment were adopted. The
regulations, among other things, prescribe the exposure levels of the general public in increased
sensitivity areas, as well as the methods and testing frequentness. Since transmission lines and
facilities are the subject of consideration, a presentation and an analysis of the most important
provisions of national regulations related to power frequency (50 Hz) electromagnetic field are
given. In practice, testings are carried out by measurements, and in certain cases also by
calculations. By measuring, the results of the electric and magnetic fields at a given moment
are obtained, which depend on the conditions on the field at the time of measurements. These
conditions include the current geometry of the field source, its load current, voltages, as well
as the existence of objects near the measurement points that can lead to electric field
perturbation. When evaluating compliance with the prescribed exposure limits, it is necessary
to take into account the operating conditions of the source, which are the most unfavorable
from the aspect of the field levels that occur in its surroundings. Therefore, in order to estimate
the highest possible levels of electric and magnetic fields, in certain cases it is necessary to
perform field calculations, whereby it is necessary to model the most unfavorable case in terms
of human exposure. Due to their length and distribution, as well as their proximity to increased
sensitivity areas, overhead lines are very important sources of low-frequency electromagnetic
fields in the environment. In the case of existing lines and transformer stations, the first and, if
necessary, periodic testings are carried out once every four years. In the case of the construction
of new overhead transmission lines and transformer stations or the reconstruction of the
existing ones, current national regulations require that an expert evaluation study referring to
the influence of electromagnetic fields on the environment should be carried out. Expert
evaluation study includes measurements of electric and magnetic fields, which takes into
account the current state, i.e. the impact of existing electromagnetic field sources if they exist
at a given location, as well as the electromagnetic field calculations for the future state, which
takes into account the contribution of the source that is being built or reconstructed.

If during the first or periodic testing in the increased sensitivity area the values of the electric
or magnetic field that exceed the reference level are measured, it is necessary to apply measures
to reduce the field value. The aforementioned measures can be applied at the field source or at
the protected area, and they differ depending on whether it is necessary to reduce the level of
electric, magnetic or both fields.

Based on a large number of testings carried out in the previous period, the field levels that
occur in the vicinity of transmission overhead power lines and transformer stations are shown
and an analysis of the obtained results is given. Based on the experiences from the previous
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period, it was concluded that in practice the cases in which the measured values of the electric
or magnetic field exceed the prescribed limits are rare. Real examples in which the reference
levels were exceeded during previous testings were also presented, as well as the methods that
were applied to reduce the field values below the prescribed reference levels.

Keywords: clectric field, magnetic flux density, non-ionizing radiation, transmission line,
transformer station.
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Peny6nuka Cpouja
ORCID: 0009-0002-8241-3759

Kparak caap:axaj

Tema oBOT m3Narama Cy MOA3MEHU KaOJIOBCKM BOJOBH BHCOKOT HAllOHA, KOjeé KOPHUCTUMO 3a
MpPeHOC U TUCTpuOyIujy eHepruje y ypOanuM 3oHama. JlaHac, KaOIOBH Cy MOCTaJH OHAj
HEBHU/IJBMBU JICO MpEke, KOju HaM omMoryhaBajy >KMBOT y TpaloBUMa, 0e3 o03upa Ja Ju
HarajaMo €HEeprujoM BeJHMKE MOCIOBHE 00jeKTe, Tp)KHE IIEHTpE, CTaMOCHE KOMILIEKCE WIIH
MYHUOHHUIIE EJICKTPUYHUX BO3HIIA. Y OBOM M3JIaramy je Hajlpe Jar IMoTe/ Ha TPEHYTHO CTamke
y IPEHOCHOj KabIoBCckoj Mpexu HarmoHckor HuBoa 110 kV y Cp6uju, ca moceOHUM O0CBPTOM
Ha beorpan kao Hajsehu rpajacku koH3yM. Kpo3 mpumepe cy moka3aHu TUIIOBH YIOTPEOJbEHUX
Ka0bJI0Ba, KOjH Cy yrpajuBaHH TOKOM BpPEMEHA, Ka0 M TUIM3UPAHH IPECEIH U OYEKUBAaHE CHAre
KOje OBM KaOJ0BU MoOry mpeHeTd. [1omro ce odekyje BelmKa Mmoy31aHoCT KaOJIOBCKE MPEKE,
aynutopujymy he OUTH NMpe3eHTOBaH KPaTKH OCBPT HAa METOJE MCIUTHBAKA M HEOIXOIHE
TEXHUYKE YCIIOBE 3a M3BOhEHE UCIUTHUBAKa, KOje oMoryhaBajy mpoIeHy cTama KabJOoBCKUX
BoJOBa. Texma Ka CMamelmy IyOHTaka y MPEHOCHO] MpPEXH U OrpaHHueme moctojehmx
CHpPOBMHA 3a W3paay KallioBa, OIPEAWJIA Cy pPa3BOj HOBUX TEXHOJOTHja W TPUMEHY
CyIeprnpoBOAHNKa kKao OynyhHOCT y oBOj obnmactu. Ha kpajy oBe mpe3eHTaIuje yKpaTko cy
MpHKa3aHa HOBa peliekha Y KOHCTPYKIMjH KabjIoBa M lbUXOBA TPEHYTHA MPUMEHA.

Kiby4He pedn: BUCOKOHAIOHCKH KaOJIOBH, PEHOC, MpEXa, Tpaj.
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BEJIMKO MCKYCTBO M JeTajbHHje CIIO3HA paj eJeKTpoeHepreTckor cucrema. O6nactu
WHTEPECOBakA: AHAITN3E T10jaBa y pajly eIeKTPOCHEPTeTCKUX OCTPOjeHha U OMpeMe, Mpena3He
1ojaBe, TPEHANOHU, aHAIM3e y3pOKa XaBapHja W IMo)Kapa, KaOJOBCKH BOJOBH, WCIIUTHBaka
EIIEKTPOCHEPTETCKE OMpeMe, y3eMesbemha M rpoMoOpaHa, eIeKTpHYHE WHCTANIallje HUCKOT
HaloOHa, TEPMOBHU3MjCKa HUCHUTHBama MarHeTHOI KoJia CcTaropa TIeHeparopa |
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eJIEKTPOEHEPreTCKE ONpeMe, YuMe je 00yXBaTHO OTNPEMY CBHX CHAara M CBUX HalTOHCKUX HUBOA
on 0,4 kV mo 400 kV. Ayrop je OpojHMX Haj3amakeHHjuX pedepara Ha KoHepeHInjama
CIGRE n CIRED nammonannux komurera y Cpouju, LlpHoj I'opu u bocuu u Xepueropusu.
Unan je mehynaponne opranmuzanuje CIGRE Paris, SC A3, cexpetap y komutety A3 CIGRE
CpOuja u nmpencenuuk komucuje N064 y Uncturyty 3a crannapausaiujy Cpouje.
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Abstract

The topic of the presentation are high-voltage underground power cables, that we use for the
transmission and distribution of energy in urban areas. Today, power cables have become that
invisible part of the network, which enables us to live in cities, regardless of whether we energize
large commercial buildings, shopping centers, housing complexes or charging stations for electric
vehicles. In this presentation, first of all, an overview of the current situation in the 110 kV
transmission cable network in Serbia is given, with a special focus on Belgrade as the largest
consumer. Examples show the types of used cables, which have been installed over time, as well
as typical sections and expected powers that these cables can transmit. Given that the high
reliability of the cable network is expected, the audience will be presented with a brief overview of
the testing methods and the necessary technical conditions for performing the tests, which enable
the assessment of the condition of the cable lines. The tendency to reduce losses in the transmission
network and the limitation of existing raw materials for making cables, determined the
development of new technologies and the application of superconductors as the future in this area.
At the end of this presentation, new solutions in cable construction and their current application are
briefly presented.

Keywords: high-voltage cables, transmission, network, city.
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Kparak cagpikaj

HoBu TpeHII0BH y MOTPOIIBU €IEKTPHUYHE SHEpTuje, MporpecuBHa ypOaHu3anuja U CTaIHH
mopact moTrpeda CaBpPEeMEHOT JPYIITBA 3a EJICKTPUYHOM CHEPTHjoOM TMPEACTaB/bajy CBE
KOMIUIEKCHHJH HM3a30B 32 €JIEKTpOeHepreTcke cucreme. Hemocrarak mpocTtopa y BEIUKHM
rpajJioBUMa 3a TOcCienuily uma cBe Behy moTpedy 3a KOMITAKTHHUJUM BHCOKOHAIIOHCKUM
pa3BOAHMM IMOCTpojerbuMa. Kako OM ce MOCTHUINIO CUTYypHHMje M TOy3JaHHje Halajame
MoTpoInaya, kao U Beha eKOHOMCKa KOPUCT, TOKOM MOCIEImBUX JeleHHja pacTe MpHUMeHa
MOCTPOjeHha U30JI0BaHUX SFs FaCOM.

KoncTpyknuja moctpojema omoryhaBa BHUCOKY 0€30€IHOCT Jbyau O] CTPYJHOT yaapa, y3
OrpaHUYEHE MPOCTOPHE 3aXTEBE U BEJIMKY KOHLEHTPAIMjy CHAare Ha BUCOKHM HaroHUMa (110
1100 kV y Kunn) u npu Benukum crpyjama (10 8000 A y Kananu). Yaeo GIS noctpojema y
MIPOjEeKTHMa eNIEKTPOCHEPTeTCKUX 00jeKara IMupoM cBeTa ce nmosehasa y nopehemwy ca 1pyrum
TEXHOJIOTHjaMa (Ba3ayXOM HU30JIOBAaHUM WJIA XHOPUTHUM).

[TocToju MHOTO IpyTrHUX pas3jora, OCHM IPOCTOpa, TAEe TacoM H30JI0BaHa mocTpojema (GIS)
MOTY OMTH puMemeHa. Heke o onmTux mpeqHoCcTH KopuIithemba Cy eKOHOMCKa €(hUKaCHOCT,
BHCOKA TMOY3JaHOCT, 0e30€AHOCT 300T OKJIOIJBEHOCTH OINpeMe, AYT pajJHUu BEK, HUCKU
TPOILIKOBH O/Ip>KaBarba, EPrOHOMCKH JIU3ajH, MOy3[aH paj y eKCTPEMHUM YCIOBHMa OKOJIMHE.
MonynapHOCT KOHCTPYKIIMj€ OBHX IOCTpojera omoryhaBa J1aky MOHTaxXy M ckpaheme
BpeMeHa rpaame. [locTpojema cy moaes/beHa Ha TacCHE KOMOpE, IITO y CIIy4ajy KBapa y HEKOj
KOMOPH, JIOBOAM JI0 UCKJbYUYEHa CaMO OTPaHUYCHOT JIeNla MOoCTpojema. Mano pasnarame SFs
raca mpH Tramiewmy JyKa U HE3HaTHO TPOIICHE KOHTaKara MpeKHuaada M pacraBjbaya IMpU
KoMyTaljama, omoryhasa fia mocrpojeme paau u a0 20 ronuHa 6e3 oaprkaBama.
Crnenudukanuja pa3nuuuTux acriekara GIS moctpojema, KOMIIOHEHaTa U mparehe onmpeme je
JeTajbHO pa3paleHa y BeJIMKOM Opojy HOpMaTUBHUX JOKyMEHAara.

Y pany je mar mpukaz HCTOpHjCKOT pas3Boja GIS texHomoruje. OmmcaHe Cy OCHOBHE
KapakTepucTuke SFs raca ¥ racoM N30JI0BaHUX MTOCTPOjeha.

Pa3marpanu cy TeXHWYKH 3axTeBU 3a u300p GIS moCTpojema, carieaBambeM pPa3IHuIuTHX
(akTopa, KOju ce OJHOCE Ha €IEKTPOCHEPIeTCKH CUCTEM, OKPYKEHE 1 TPOLIKOBE.

SFs Tac ce MOXKe cMaTpaTy PEBOJYIIMOHAPHOM TEXHOJIOTH]OM, KOja je Onia KJbYdHHU TTOKpeTad
caBpeMeHne ypOanuzanuje. C apyre crpaHe, €BpPOIICKU OIEpaTopyd MPEHOCHUX CHCTEMa, Y
capaJiu ca Mpou3BohaurMa ornpemMe 1 KJbyYHUM 3aiHTEPECOBAaHUM CTpaHaMa, YJIaxy BEJTHKe
HArope J1a MOCTENEeHO CMambe YHoTpedy SFs raca y CBOJUM MpekaMa U yBEly alTepHaTHBHA
pelemna.

VY pany je natr Kparak Iperie]] perylaTiuBe U uJbeBa EBpoICKe yHH]je 3a CMambemhe eMHCH]e
SFs raca, koju ipunaza (G1yopoBaHUM TacoBuMa ca eekrom crakiiene oamre. [Toues ox 2010.
roMHe, TOTpara 3a ajJTEepPHATHBHUM H30JIAMOHUM M KOMYTAI[MOHUM TacoM ca 3HAaTHO
CMamkEeHUM IOTEHIIMjaJIoM ToOaHOT 3arpeBama (GWP) je noHena pelniema 3aCHOBaHA Ha
¢biyopHUTpUITY, (IYOPKETOHY M TEXHHYKOM Ba3lyXy, Y KOMOHMHALUjU Ca BAaKyyMCKHUM
npekuaadnma. Y pajy je Ipe3eHTOBaH MpUKa3 JOCTYIMHUX alTePHATUBHUX TEXHOJIOTH]aA.
AnrepHaruBa gaHamimuM GIS mocTpojemMMa ce omiefa y JOCTUTHyhuMa y pasBojy H
ynotpebu exonomku eduxkacHux GIS peniema M HUHTErpalyju JAUTUTAIHUX TEXHUKA Y
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MIPOjEKTOBabY M AMjarHOCTUIM. To mozppasymeBa KOMOMHAIM]Y HHCKO-YIJbEHHUYHOT OTHCKa,
CYIEpHOpHE TOY3MaHOCTH M HHUCKHX TPOIIKOBA >XHBOTHOT IUKIyca y (iaekcuOmiHoM
pacriopeny eleMeHara.

Jlururanuzaiyja Mpexe, o ¢ase MpojeKToBama 0 MOTIYHE AUTUTaTHE (QYHKIIMOHATHOCTH
cBakor ypehaja y eNEKTPOCHEPTeTCKOM CHCTEMY, j€ HEIITO INTO TMPEACTaBba KIbYd
TEXHOJIOMKOT TpaHcdepa ka Oynyhum pememrma. OHO mTO je Beh M3BECHO Cy: TEXHOJIOTH]a
OUTUTATHOT ONU3aHIla, WHTETPUCAHM WHTEIUITEHTHH eNeKTpoHcku ypehaju ([ED) ca
JUTUTATHOM YIIa30M W M3J1a30M, KOMIUIETHa 0a3a IoJaraka eJIeKTPOCHEPTeTCKE Mpexke
JOCTYIIHA y JAWTHTATHOM OONaKy M HWHTEIUTeHTHH COQTBEp, KOjU KOPUCTH BEILUTAYKY
uHTenureHnujy (4/) 3a ontumusanujy paga mpexe. Jurutanau GIS HEM30CTaBHO MMOCTaje €0
Oynyhux eIeKTpOoeHepreTCKIX Mpexa.

Ksbyune peun: ['acom uzonoBana nocrpojema, GIS texnonoruja, SFs rac, antepHaTUBHA
perniema, TUruTaau3almja Mpexe.
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CJIGKTPOTEXHUUKUX Hayka Ha cMmepy ,,EiekTpoeHneprercka
noctpojema u onpema’” 2010. rogune.

On 1987. rogune je 3anocnen y Uncturyry Hukona Tecna y
beorpany, rae TpeHyTHO paau y 3Bamby CTPYYHOI CaBETHHKA.
Pagno je Ha pa3Bojy M MMIUIEMEHTAIMjU TepMOTrpadcKux
METOla HCIUTHUBamka OINpEeME Yy EeJIEKTPO-IOCTpOojemhuMa
pa3nuuuTUX HanmoHckux HUBoa. Ox 2015. rogune pagu kao
PYKOBOIMJIAIT Crnernujanu3oBane naboparopuje 3a
UCTIIUTUBAkba  EJICKTPOONpEeMe, MarTepHjajia, 3aIlITUTHHUX
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CJIEKTPOHEPreTCKE OINpeMe pa3IMYMTUX HANOHCKUX HHBoa. Pamno je, 3a moTpebe
€JIEKTPONPUBpE/IC, HA U3paau CTyAHMja, TEXHUUYKUX MpPEropyka W MHTEPHUX CTaHIapna 3a
UCIHUTHBaka M KOHTPOJIE €HEPreTCKuX TpaHchopmaropa, OOPTHHX EJIEKTPUYHUX MalllnHa,
E€HePreTCKUX KalJIoBa U Ipyre eleKkTpoeHepreTcke onpeme. Axktubad je uian y CIGRE CpOuja
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Abstract

New trends in power electricity consumption, constant increase in the needs of modern society
for electricity and progressive urbanization represent an increasingly complex challenge for
power systems. The lack of space in large cities results in an increasing need for more compact
high-voltage switchgear. In order to achieve a safer and more reliable supply of consumers, as
well as a greater economic benefit, during the last decades the application of facilities insulated
with SF6 gas has been increasing.

The construction of the facilities enables high safety of people from electric shock, with limited
space requirements and a high concentration of power at high voltages (up to 1100 kV in China)
and at high currents (up to 8000 A in Canada). The share of GIS installations in power facility
projects worldwide is increasing compared to other technologies (air-insulated or hybrid).
There are many other reasons, besides space, where gas-insulated plants (GIS) can be applied.
Some of the general advantages of use are economic efficiency, high reliability, safety due to
the enclosed equipment, long service life, low maintenance costs, ergonomic design, reliable
operation in extreme environmental conditions.

The modular design of these facilities enables easy assembly and shortening of construction
time. The facilities are divided into gas chambers, which in the event of a malfunction in a
chamber, leads to the shutdown of only a limited part of the facility. Small decomposition of
SFs gas during arc extinguishing and minor wear of circuit-breaker and switch disconnector
contacts during commutation, allows the facility to work for up to 20 years without
maintenance.

The specification of various aspects of GIS facilities, components and supporting equipment is
elaborated in detail in a large number of normative documents.

The paper presents the historical development of GIS technology. The basic characteristics of
SFs gas and gas-insulated facilities are described.

The technical requirements for the selection of GIS facilities were considered various factors
related to the power system, environment and costs.

SF¢ gas can be considered a revolutionary technology, which was a key driver of modern
urbanization. On the other hand, European transmission system operators, in cooperation with
equipment manufacturers and key stakeholders, are making great efforts to gradually reduce
the use of SFs gas in their networks and introduce alternative solutions.

The paper provides a brief overview of the regulations and goals of the European Union for
reducing the emission of SF¢ gas, which belongs to fluorinated gases with a greenhouse effect.
Since 2010, the search for an alternative insulating and arc-quenching gas with a significantly
reduced global warming potential (GWP) has brought solutions based on fluoronitrile,
fluoroketone and technical air, combined with vacuum circuit breakers. The paper presents an
overview of available alternative technologies.

The alternative to today’s GIS facilities is reflected in the achievements in the development of
environmentally efficient GIS solutions and the integration of digital techniques in design and
diagnostics. This means combining a low carbon footprint, superior reliability and low life
cycle costs in a flexible arrangement of elements.

Digitization of the network, from the design phase to the complete digital functionality of every
device in the power system, is something that represents the key to technological transfer
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towards future solutions. What is already certain are: digital twin technology, integrated
intelligent electronic devices (IEDs) with digital input and output, a complete power network
database available in the digital cloud, and intelligent software, which uses artificial
intelligence (Al) to optimize the network operation. Digital GIS inevitably becomes a part of
future power networks.

Keywords: Gas-insulated switchgear, GIS technology, SF¢ gas, alternative solutions,
digitalization of the network.
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Kparak caap:xaj

I[poriec Tpanchopmanmje y OKBHUPY TpojekTa AKIenepalyje WHOBalMja U IOJACTUIAja pacTa
npemy3erauinTea y Pemyomuimm Cpouju — CAUTE) koju ce peanmsyje y3 (GHHAHIM]CKU TTOAPIIKY
Caercke 6anke 1 EBporicke yHuje nMa 3a IWJb Pa3Boj MHOBAIIMja U TpaHC(epa TEXHONIOTH]e U TUME
JOTIPUHOCH OIPYKUBOM pa3Bojy MHcTuTyTa. Y pany cy NpruKa3aHu TUTIOBU MHTEIICKTYaJIHE CBOjHHE
(TaTeHT, TEXHOJOIIIKO 3HAHE, IOCIIOBHA TAjHA, XKUT, UHTyCTPH)CKU AN3ajH, QyTOPCKO ITPABO ), HAYMHH
3amruTe mpaBa uHTenekryaiaHe cBojuHe (MC) m cagpxuna npaBwiauka o MC, ca moceOHuUM
OCBPTOM Ha MaTeHTHY 3aIUTUTY ¥ MOTYhUM HaunHMMa (pUHAHCHpama paHor pa3Boja MHOBAIWja U
MoAIn3ame HUBoa TexHoomke crpeMHocTH (eHr. Technology Readiness Level — TRL). [pukazann
Cy Jocaaanimy pe3ynTati MHcTuTyTa 1 Kanienapuje 3a Tpancdep texnomnoruje on 2022. ronuse,
y3 mojaTke 0 Opojy NMPHjaBJLEHUX UHOBAIM]a, TATCHATA, TOKa3a KOHIINETa, POjeKara 3a MoAu3ambe
HHBOA TEXHOJIOIIKE CIPEMHOCTH. [IpHKka3aHW Cy OCHOBHH €JIEMEHTH IOTpeOHM 3a H3paay
cTpareryje KoMepIjan3alyje u OU3HIC TUIaHa 32 HHOBAIM]e 3pelie 3a U3ia3ak Ha Tpxwuire. [lar
j€ Kparak TpuKa3 jeqHe YCIICIIHe MpUYe O pa3BOjy MHOBAIM]E Ol HUCKOI HMBOA TEXHOJIOIIKE
CIIPEMHOCTH KpO3 JIOKa3 KOHIIENTA, MPHjaBe MaTeHTa, 10 000PEHOT MPOjeKTa 3a IMoAN3amhe HUBOa
TEXHOJIOINIKE CIPEMHOCTH 3a BepU(HKAIU]y TexHONOrHje y orepatuBHOM okpyxkewmy (TPJI 9) u
M3J1a3aK Ha TPXKHUILITE, a Y CKJIaay ca u3pal)eHOM CTpaTerijoM KoMepIyjaan3alyje 1 OU3HUC IITaHOM.

KibyuHe peun: nHoBaIyje, nareHTH, TpaHcdep TEXHOJIOTH]E, T0Ka3 KOHIIETITa, CTpaTeruja
KOMepIIHjanu3aliyje, OU3HHC TUIaH.

Buorpaduja npenaBaua

Hp Jenena Jlykuh, gum. wWHX. TEXH. 3amociieHa je Y
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17025. Aytop je ipeko 20 myOnukaiyja y MICTaKHyTHUM YaconrcruMa
u nipexo 50 paroBa Ha MelyHaporHUM U ToMahuM KoH(pepeHIrjama.
baBu ce aHamM30M M30JIAIMOHOT yJba M Mamupa M JWjarHOCTUKOM
CTama EHePreTcKUX TpaHchopmaropa, CTapermheM M30JIaIMOHOT YIba
W IeMylo3¢ W WHOBAIlMjaMa y OOJIACTH TPHMEHE XEMH]CKUX
ﬂ $ ‘- TEXHOJIOTHja y TpeTMaHy H30iaiMoHux teynoctu u  PCB

' JICKOHTAMHHAIMje yJba W TpaHchopmaropa. [IpoHanazad je mBa
perucTpoBaHa nareHTa y oBoj obOmactu. Bomuma je Bumie on 20 MCTpaXMBAauKUX IIpoOjeKara,
ncrakuyty je wiad MelyyrapomHor komurera CIGRE. buna je wian y oko 20 CIGRE SC D1, SC A2
u [EC TC 10 WG pagnux rpyna u pykosoamnan ase paase rpymne y IEC TC 10 u CIGRE. TpenytHo
pykoBomu pamHoM rpynoM CIGRE WG D1.76: ,,Tests for the verification of quality and ageing
performance of cellulose insulation for power transformers” u CIGRE SC A2 — Power Transformers:
,Silver Corrosion in Transformers”. Jenena Jlykuh je generar Cprickor HallMOHATHOT KOMUTETA Y
Mehynapoaaom enekrporexandkoMm komurery Texamdaku komuteT 10 (IEC TC 10) — Omynam 3a
enextporexunuke nmpumene u [EC TC 10 ko-odurup 3a Besy CIGRE SC A2.
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Dr. Jelena Luki¢, Nikola Tesla Institute, University of Belgrade, Republic of Serbia
ORCID: 0000-0003-3538-203X

Abstract

The main objective of project Serbia Accelerating Innovation and Entrepreneurship Project —
SAIGE funded by World bank and EU is growth of innovations and technology transfer to
enable sustainable development of Scientific Research Institutes of Republic of Serbia,
including NTI. Intellectual property rights and types of IP (patent, trademark, industrial design,
copyright, trade secret) are presented in this paper, content of NTI rulebook on IP and ways of
financing innovations upgrade of technology readiness level. Achievements of newly
established Technology Transfer Office and number of NTI innovations, patents, proof of
concepts, in NTI from 2022 is presented, as well as success story, upgrade of technology
readiness level of one innovation to reach TRL 9, verification in operational environment,
based on developed commercialization strategy ad business plan.

Keywords: innovations, patents, proof of concept, technology transfer, commercialization
strategy, business plan.
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Pa3Boj MmepHe onpeMe 32 HCIUTUBAKE CTPYjHUX MEPHUX
Tpancpopmaropa y Uucruryry Hukosa Teciia u octBapeHu
pe3yJararu

Hp Hparana Haymosuh-Bykosuh, Muctutyt Hukona Tecna an,

VYuusep3uteT y beorpany, Pemy6nuka Cpouja
ORCID: 0000-0002-8334-4452

Kparak cagp:axaj

Crpyjaun MepHu TpaHchopMaTopu Cy Beh BuIlle O CTO TOAMHA BEOMa Ba)KaH CJIEMEHT Yy
MepemruMa Hau3MEHUYHE CTpyje, MOCEOHO y OOpadyyHCKOM MeEpemy CHare M eleKTpU4He
enepruje. [lapaneneHo ca pa3BojeM W MOOOJBIIAKHEM HUXOBUX TEXHHYKHUX M METPOJIOIIKUX
KapaKTepHCTUKA, pa3BUjajie Cy ce M MEpHe MeTozie U MepHU ypehaju. Y obracTu ucnuTuBamba
cTpyjHux MepHuxX TpaHchopmaropa Enexrporexnumukm wuHctuTyr Hukxona Tecna wma
Tpamuinjy nyry Bume ox 60 roguHa. On caMmor moudetka excrnepTd MHCTUTyTa Cy aKTHBHO
YUECTBOBAJIM y pa3Bojy OBe 00JaCTH Kako Ha MehyHapomHOM, Tako W Ha JomaheMm IaHy.
VYuyecTBOBaIM Cy Y pa3Bojy U peajin3aliju MEPHUX CHCTEMa U €TaJIOHa KOjH ce yroTpeOJbaBajy
KaKO y HaIlMOHAJIHUM METPOJIOIIKHUM JIabopaTopujama, Tako U y Jaboparopujama mpousBohaua
CTPYJHHUX MepHHX TpaHc(opmaropa. Pan naje mperiesn pa3Boja MEPHUX METOA 32 UCTTUTHBAKE
TAUHOCTHU M €TATOHUPAHE CTPYJHUX MEPHUX TpaHCHOPMATOPA, K0 U IIUPOK CIIEKTAP MEPHUX
ypebaja, eTajoHa 1 MEpHUX CHCTEMa 3aCHOBAHUX Ha Pa3jIMuYUTUM MEPHUM METOAaMa.

KibyuHe peuu: cTpyjHH MEpHU TpaHC(HOPMATOPH, UCIIUTUBALE TAYHOCTH, €TAIOHUPAHE.
buorpaduja npexasaua

Hp [Hparana HaymoBuh-BykoBuh je aumiommpana Ha
Enexrporexuuukom ¢axyntery YHuBep3utera y beorpamy 1992.
roguHe. Maructpupana je Ha uctoMm (dakynrery 1997. ronusre.
3Bame JoKTOpa Hayka crekia je 2018. rogune Ha dakynrery
TeXHUYKUX Hayka YHuBep3utera y Hobom Cany. ¥ UHcTHuTyTY 32
Hykieapue Hayke BUHYA 6uina je 3anociena ox 1992. no 1997.
roguHe. Y mepuony on 1997. mo 2003. rogmHe paguna je y
Jupekiuju 3a Mepe u aparoueHe meraine y beorpamy. Ox 2003.
roquae paagu y HMucturyry Hukoma Tecnma, beorpan, kao
pykoBoamial Crieryjaan3oBane 1adopaToprje 3a eTaJOHUPambe.
AKTHBHO y4Y€CTBYj€ Y MUCTPKHWBAYKHUM MPOJEKTHMA U3 O0IacTH
MEpHUX TEXHUKAa U MEpHUX TpaHchopmaTopa, a MOCeOHO Yy
l'IpO] eKTHUMa pa3Boja MEpHUX METO/a U MEpHUX ypehaja 1 cucTemMa 3a HCIIUTUBAKE TAYHOCTH U
eTalloHupame MepHuX TpaHchopmaropa. [emerar je Cprckor HAalMOHAIHOT KOMUTETa Y
Mehynaponanoj enexkrporexanukoj komucuju [EC, Texunuku komuteT 38 ([EC TC 38) —
Mepuu tpancdopmaropu. Ilpencennuk je Crymujckor komutera SK A3: BucokoHamoHCka
onpema, Cprickor HarimoHanHor komuteta CIGRE — CIGRE Cpbowja.
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Dr. Dragana Naumovi¢-Vukovi¢, Nikola Tesla Institute, University of Belgrade,

Republic of Serbia
ORCID: 0000-0002-8334-4452

Abstract

Measuring current transformers are an important and inevitable element of AC current
measurement techniques. They have been in use for more than a century. In parallel with the
development of technical characteristics and improvement of current transformers, the
measuring methods and equipment developed too. The measurement accuracy is the most
important characteristic of measuring current transformers, since that is the important factor in
the accurate billing of electricity. The tradition in the field of testing current transformer’s
accuracy at the Nikola Tesla Institute of Electrical Engineering is more than 60 years long.
From the very beginning, the experts of the Institute have been active participants in the
development of this field, both domestically and internationally. They have contributed to the
development of measuring systems and standards for testing and calibration of current
transformers, which have found application in laboratory calibration of the national metrology
laboratories, as well as in industry. This paper provides an overview of the development of
measuring methods for testing and calibration of current transformers, as well as a wide range
of measuring devices and standards based on different measuring methods.

Keywords: current transformers, accuracy testing, calibration.
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pe3yJarara npojekra ,,GreenCleanS”

Hp Jenena Jlykuh, Uuctutryt Hukona Tecna an, Yausepsutet y beorpany,

Penybnuka Cpbuja
ORCID: 0000-0003-3538-203X

Kparak cagp:xaj

[Ipojexar mon akpoHumoM ,,GreenCleanS” uma 3a 1uJb J1a pa3BHje HOBY TEXHOJOTH]Y 3a
YKJIalakhe 0CMOATOMHOT MOJIEKYJIa €JIEeMEHTapHOT CyMIIOpa, Sg, U3 MUHEPATHUX U30JallMOHUX
yipa. Ilon akponumom GreenCleanS pa3Bhja ce JEIMHCTBEHA TEXHOJIOTHja 3acHOBaHA Ha
HUCKO-TEMIIEPAaTypHOM EKOJIOIIKOM TpEeTMaHy, Koja HE eMuTyje 3arahjeme 0K H3y3eTHO
e(uKacHO yKJama eJIeMEHTapHU CYMIOp M3 MHUHEPATHHUX M30JAI[MOHUX YJba, 38 Pa3IHKy Of
nocrojehux TexHONOTHja y CBETY, Koje MOry OMTH emuTepu 3arahema (YKOJIUKO CY Y YJbY
MPUCYTHH TIOJUXJIOPOBAaHU OMGMEHUIIN), HE YKJIamajy €JIEMEHTApHU CYMIIOp M IITaBHUIIE
CTBapajy ra Kao HyC-pOAYKT TMOCTyIaka peakTuBalyje agcopOeHara koju ce kopucte. Pa3Boj
OBE TEXHOJIOTH]€ 32 YKJIamhamkhe eIEMEHTAPHOT CyMITOpa U3 TpaHC(hOopMaTOPCKUX yiba 00yxBaTa
TpeTMaHe W30JIAIIMOHHUOT YJba Y JIAOOPATOPHjUCKUM yCIOBHMA U HA MUJIOT MOCTPOjeHhY HAKOH
yera he ycienuTy AEMOHCTpalldja pa3BHjeHE TEXHOJOTH]E Y WHIYCTPUJCKOM OKPYXEHY Ha
TepeHy y MobumHoM moctpojerby MHctutyra Hukona Tecna. Iloctymak je 3acHOBaH Ha
MPUMEHU Majie KOJIMYWHE YEeCTHIla TBokha Ha 4MjOoj TMOBPIIMHM j€ JETIOHOBAaH Oakap, Kao
KJby4HE KOMIIOHEHTE pEareHC CMeIlle Koja je IUCIeproBaHa Yy TOJIMETHIICH IIIUKOINY.
WHTeH3MBHUM MellamheM HaBEJCHE PeareHc CMeIlle ca MUHEPATHUM H30JIallHOHUM YJbEM MPU
teMneparypama HWkuM oxn 100°C nonasum 1o NMOTHYHOr yKiIamama Sg M3 yJba. Bucoka
e(UKaCHOCT TMOCTYNKA, Tj. YKIAmame Sg O] MOYETHUX 15 MI/KT 10 HMBOA HCIIOA T'PAHMIIE
JeTeKIIr]e, TOCTUTHYTA je YHOTpeOOM Masie KOJIMYMHE PeareHC CMelle Y OJHOCY Ha Macy yiba
<(0,2 mac.%), y mabopaTOpHjCKUM YCJIOBMMAa M Ha MUJIOT HOCTpojewmy. I[IpuMeHoM oBor
MOCTYIIKA ¥ HAKOH 3aBpIITHE o0pajie ca afcobeHTuMa y3 Cyliewke U punrpupame 100ujajy ce
M30JIallMOHA yJba ca MOOOJbIIAaHUM (PU3UUKO-XEMH]JCKUM U eNIEKTPUYHUM KapakTepucTUKaMa
MOTO/IHA 32 Jajby ynorpely y eHeprerckum TpaHchopmaropuma. PazBojem GreenCleanS
MOCTyMKa JAecyldypusannje U UHHTETPAIMjOM Ca MPETXOJHO Pa3BHjEHOM U MATCHTHUPAHOM
TEXHOJIOTH]OM 32 YKJIambame MOJUXJIOPOBAaHUX OM(EeHnIa K KOPO3UBHUX TMOEH3WI AuCynduia
dbopmupahe ce jeguHCTBEHAa MYATH()YHKIIMOHAIHA TEXHOJOTHja YHjOM NpUMEHOM he OuTH
OoMOTyheHO CUMYNITaHO YKJIAEHhe CBUX HEKEJbCHUX eIHbEHha U3 MUHEPATHUX N30JIAI[HOHUX
yspa. OBa TEXHOJIOTH]ja MPECTaBJba 3HaYajaH HAMpEIaK y OIHOCY Ha mocTojehe mocTymke Koju
Mory OuTH 3araljuBauu WM Hee(pUKACHH Yy YKIIamarmy eJIeMEHTapHOr CyMIlopa, Mpyxajyhu
U3y3eTHO e(hUKaCHO peliemhe ca MUHUMATHUM €KOJIOIIKUM YTHIIajeM Ha KUBOTHY CPE/IMHY.

KibyuHe peun: eneMeHTapHU CyMIIOP, KOPO3UBHHU CYMIIOp, 3€JieHa TEXHOJIOTH]a, EHEPTreTCKU
TpaHchopMaTopu, MUHEPATHO H30IALMOHO YJIbeE.
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Bbuorpaduja npenaBaua

Hp Jenena Jlykuh, qumi. MHX. TEXH. 3anocieHa je y MHCTUTyTy
Huxona Tecna, beorpan, Cpouja o 1996. ronune. PykoBoaumnarg
je Crenjanu3oBaHe J1a00paTopHje 3a HCIUTUBAKE U30JIaALMOHOT
yJba U Manupa, akpeauToane npema /SO 17025. Ayrtop je nmpeko
20 nmybnuKanyja y ICTaKHYTHUM 4aconucuma u npeko 50 pagosa
Ha wMehyHapogauM U nomahum koH(epeHnujama. baBu ce
aHAJIM30M M30JIAI[MOHOT yJba U MANUpa U JUjaTHOCTUKOM CTamka
€HEepreTcKuX TpaHcPopMmaropa, CTapemHEeM HU30JIAllMOHOT yJba U
LEeNy103¢ M HWHOBaljamMa y o0JacTh TNPUMEHE XEMHjCKUX
ﬂ i TEXHOJIOTHja y TPeTMaHy M30JIallMOHUX Yiba. [IpoHana3zau je aBa
' perucTpoBaHa mareHTa y oBoj obmactu. Bonuna je Bumie ox 20
HCTpaXUBauKuX mpojekara. Mcrakaytu je wian mehynapomnor xomutera CIGRE, Ouna je
yinad y oko 20 CIGRE SC D1, SC A2 u I[EC TC 10 WG paaHux rpyna u pykoBoJauiall JABe
panue rpynie y IEC TC 10 u CIGRE. TpenytHo pykoBoau pagHom rpynom CIGRE WG D1.76:
,,Tests for the verification of quality and ageing performance of cellulose insulation for power
transformers” u CIGRE SC A2 — Power Transformers: ,,Silver Corrosion in Transformers”.
Jenena Jlykumh je ngemerar Cprickor HalMOHaTHOT KomHUTeTa y  MelyHapogHom
ENEKTPOTEXHUYKOM KomuTeTy Texnwuku xomurer 10 (JEC TC 10) — Onyuam 3a
enexkrporexunuke npumene u /[EC TC 10 xo-opuuup 3a Besy CIGRE SC A2.
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Green Program of Cooperation between Science and Industry
— Presentation of “GreenCleanS” Project Results

Dr. Jelena Luki¢, Nikola Tesla Institute, University of Belgrade, Republic of Serbia
ORCID: 0000-0003-3538-203X

Abstract

The project under the acronym “GreenCleanS” aims to develop a new technology for removing
elemental sulfur, in a form of eight atom molecule of suphur, Sg, from mineral insulating oils.
Under the acronym GreenCleanS, a unique technology is being developed based on low-
temperature eco-friendly treatment, which does not emit pollution while efficiently removing
elemental sulfur from mineral insulating oils, unlike existing technologies worldwide which
can be pollutant emitters (if polychlorinated biphenyls are present in the oil), do not remove
elemental sulfur, and, moreover create it as a by-product of the reactivation procedures of the
adsorbents used. The development of this technology for removing elemental sulfur from
transformer oils will involve treatments of insulating oil under laboratory conditions and at a
pilot scale experiments, followed by a demonstration of the developed technology in
operational environments on-site at the mobile facility of the Nikola Tesla Institute. The
procedure is based on the application of a small amount of iron particles coated with copper on
its surface as a key component of the reagent mixture which is dispersed in polyethylene glycol.
Intensive mixing of the reagent mixture with mineral insulating oil at temperatures below
100°C enables the complete removal of Sg from the oil. High process efficiency, the removal
of Sg from the initial 15 mg/kg to levels below the detection limit, is achieved by using a small
amount of the reagent mixture relative to the oil mass (<0.2 wt.%), in laboratory conditions
and on a pilot scale experiments. Applying this process and subsequent treatment with
adsorbents, insulating oils with improved physical, chemical and electrical characteristics are
obtained, suitable for further use in power transformers. Integration of the GreenCleanS
desulfurization procedure with a previously developed and patented technology for removing
polychlorinated biphenyls and corrosive dibenzyl disulfide will create a unique multifunctional
technology enabling simultaneous removal of all unwanted compounds from mineral insulating
oils. This technology represents a significant advancement over existing procedures that can
be pollutants or inefficient in removing elemental sulfur, providing an extremely efficient
solution with minimal environmental impact.

Keywords: elemental sulfur, corrosive sulfur, green technology, power transformers, mineral
insulating oil.

64


https://orcid.org/0000-0003-3538-203X

Biography of the presenter

i

Jelena Luki¢, PhD in chemical engineering has been employed at
Nikola Tesla Institute, Belgrade, Serbia since 1996. She holds the
position of head of a Specialized laboratory for oil and paper
insulation testing, accredited according to ISO 17025. Her field of
expertise is insulating oil and paper analyses and power
transformers condition assessment, insulating oil and cellulose
ageing, know-how in oil treatment processes for the removal of
corrosive sulfur and PCB and holds two registered patents in this
field. She has published 92 research and technical papers and has
been a project leader of more than 20 research projects in the
topics mentioned above. Jelena has been a member in more than

20 CIGRE SC D1, SC A2 and IEC TC 10 WG’s over the past two decades. She is currently

convener of CIGRE WG D1

.76: Tests for the verification of quality and ageing performance

of cellulose insulation for power transformers. Jelena Lukic is a delegate of the Serbian
National Committee in International Electro-technical Committee Technical Committee 10
(IEC TC 10) — Fluids for Electro-technical Applications, Serbia NC Representative in CIGRE
SC A2 — Transformers and IEC TC 10 Liaison Co-officer of CIGRE SC A2.

65



DOI: 10.5937/TID24066N

IIpojekat NANO-THINK y oxkBupy nporpama ERASMUS+
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Kparak caap:axaj

[Tpojexar ,,Y4eme KpUTHYKOT MUIIUBEHA Y HAYIIM KPO3 TIPUHIIMIIE HAHO-yYCHha U BUPTYEITHE
pasmene” (NANO-THINK), ¢unancupan je y oxBupy mnporpama ERASMUS+ Virtual
Exchange. TIpojekar okyIJba mapTHEpe U3 3eMasba 3anagHor bankana u Aycrpuje, a Uactutyt
Hukona Tecna je kao meo YHuBep3utera y beorpany jeman ox ydecHuka. KoopawHarop
npojekta je dakynreT 37ApaBCTBEHUX cTyauja YHuBep3utera y Pujennm. Ilpojekar NANO-
THINK mipencraBiba CB€OOYXBaTHY MHUILIM]JAaTUBY YCMEPEHY Ha CTBapame CIEIH]jaJIn30BaHOT
rporpama KOjH MOACTHYE KPUTHIKO MUIIJBEHE y Hayllh. Y Pa3Bojy mporpama kopuctuhe ce
Hauena BUPTYEIHOT y4Yera M TaKo3BaHUX (OKYCHpaHHMX HAHO-aJiaTa, Kako OM caBpeMEHUM
reHepaljama CTyJieHaTa HCKYCTBO yueHa OMJI0 MPUBIAYHO, 3aHUMJBHBO U e(PUKacHO.

Kibyune peuu: ERASMUS+ Virtual Exchange, KpuTHIKO MUIIJbEHHE, HAHO-YUCHE,
BHUPTYEIHA Pa3MEHa.

Buorpaduja npenaBaua

Hp Hparama HaymoBuh-BykoBuh je  mumiiommpana Ha
Enexrporexnnukom ¢akynrery YHuBep3utera y beorpamy 1992.
Maructpupana je Ha uctoM (akynrery 1997. romune. 3Bame
JOKTOpa Hayka crekia je 2018. rogune Ha dakynTeTy TEXHHUKUX
Hayka YHuBep3urera y HoBom Cany. ¥V MHcTUTYTY 32 HyKII€apHe
Hayke BUHYA 6una je 3anmocnena ox 1992. no 1997. rogune. ¥V
nepuony oxn 1997. no 2003. rogune panuna je y Jupekiuju 3a Mmepe
u gaparoneHe merane y beorpagy. Ox 2003. romune pagu y
HNucturyry Huxona Tecna, beorpang, xao pyKoBOAMIIALl
Crnenujanu3zoBane Jjaboparopuje 3a e€TaJIOHHUpame. AKTUBHO
YUECTBYje Yy HCTPKHUBAYKUM IPOjEKTUMA U3 00IacCTH MEpPHUX
TEXHHKA U MEpPHUX TpaHcopmaropa, a MOCeOHO y MpOjeKTMMa pa3Boja MEPHUX METoJa U
MepHHX Yypehaja u cucTemMa 3a WCIHUTHBAKE TAYHOCTH M ETAJTOHUPAmE MEPHHX
Tpancopmaropa. Jlemerar je Cprckor HamMOHATHOT KoMuTeTa y MelyHapomHo]
enekrporexHnukoj komucuju I[EC, Texuuuku xomuter 38 (IEC TC 38) — MepHu
tpanchopmaropu. [Ipeacennux je Cryaujckor komutera SK A3: BucokoHaroHcka omnpema,
Cpnckor HanmoHanHor komutrera CIGRE — CIGRE Cpb6wja.
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NANO-THINK Project within the ERASMUS+ Virtual
Exchanges Program

Dr. Dragana Naumovi¢-Vukovi¢, Nikola Tesla Institute, University of Belgrade,

Republic of Serbia
ORCID: 0000-0002-8334-4452

Abstract

The project “Learning critical thinking in science through the principles of nano-learning and
virtual exchange” (NANO-THINK) was financed under the ERASMUS+ Virtual Exchange
program. The project brings together partners from the countries of the Western Balkans and
Austria, and the Nikola Tesla Institute, as part of the University of Belgrade, is one of the
participants. The coordinator of the project is the Faculty of Health Studies, University of
Rijeka. The NANO-THINK project is a comprehensive initiative aimed at creating a
specialized program that encourages critical thinking in science. The principles of virtual
learning and so-called focused nano-tools will be used in the development of the program, so
that the learning experience will be attractive, interesting and effective for modern generations
of students.

Keywords: ERASMUS+ Virtual Exchange, critical thinking, nano-learning, virtual exchange.
Biography of the presenter

Dragana Naumovic Vukovic, PhD received the Dipl. Ing. degree
in Electrical Engineering and the M.Sc. degree from the
University of Belgrade, Belgrade, Serbia, School of Electrical
Engineering, in 1992 and 1997, respectively. She received the
Ph.D. degree from the University of Novi Sad, Faculty of
Technical Sciences in 2018. She was with the Institute of Nuclear
Sciences, Vinca, Serbia, from 1992 to 1997. She was with the
Bureau for Measures and Precious Metals, Belgrade, from 1997
to 2003. Since 2003, she joined the Nikola Tesla Institute,
University of Belgrade, Serbia where she is currently head of
Calibration Laboratory. Her current research interests include the
calibration techniques for instrument transformers and electronic
instrumentation, as well as the design and manufacturing of precision test equipment for
instrument transformers. She is a delegate of the Serbian National Committee in the
International Electrotechnical Commission IEC, Technical Committee 38 (IEC TC 38) —
Instrument transformers. She is also the chair of the Study Committee SK A3: High Voltage
Equipment, of the Serbian National Committee CIGRE — CIGRE Serbia.

67


https://orcid.org/0000-0002-8334-4452

PACTHIOEEASEANAN S (@ IEDUINE

CREAN S UNVHEWEBINES DAY, JUNE 5

9:30 - 10:30 OTBapame ckyna | Conference opening

Ap AparaH Kosavesuh, MHCTUTYT H1KoAQ Dr. Dragan Kovacevi¢, Nikola Tesla Institute
Tecaa Prof. dr. Viktor Nedovié, SAIGE PIU

Mpodp. Ap Buktop Heaosuh, SAIGE PIU Nebojsa Petrovié, EMS AD, CIGRE

HeGojwa MeTposuh, AA EMC, CIGRE Petar Dokié, Minister of Energy and Mining
NeTap hokuh, MUHUCTAP EHEPrETUKE U Republic of Srpska

pyaapcTsa Penybanke Cpricke Prof. dr. Miroslav Trajanovié¢, Advisor to the
Mpodb. Ap Mupocaas TpajaHoBuA, COBETHUK Minister of Science, Technological
MUHUCTPA HAYKE, TEXHOAOLLIKOT PA3BOjA U Development and Innovation of the
mHoBaLMja Penybavke Cpbuje Republic of Serbia

11:00 - 12:30 NMPEAABAHA NO NO3UBY | INVITED LECTURES

Npeaceaasajyha: Ap Maja Ip6uh | Chair: Dr. Maja Grbi¢

YMNPAB/ASAHE PU3MKOM KOA BYAYRE EAEKTPUPUKALMIE BEAMKMX PASMEPA
RISK MANAGEMENT OF FUTURE LARGE-SCALE ELECTRIFICATION

Mpodb. Ap MAaaaeH KesyHosuh | Prof. dr. Mladen Kezunovi¢

ANTUTAAMBALNIA — PEBOAYLMNIA KOJA BOAN KA BYAYRMM EKOHOMMIJAMA CA HMCKNUM
EMNUCUIAMA YT ASEHNKA
DIGITALIZATION — A REVOLUTION LEADING TO FUTURE LOW-CARBON ECONOMIES

Mpodb. Ap BAaaumup Tepsuja | Prof. dr. Viadimir Terzija

13:00 - 14:30 NMPEAABAHA MO MNO3UBY | INVITED LECTURES
Npeaceaasajyhu: Ap Xapko Janaa | Chair: Dr. Zarko Janda

EAEKTPUHHA N MATHETHA TOMA Y BAM3MHKM TIPEHOCHE MPEXE N BUCOKOHAIMNOHCKMX
NMOCTPOJEHA JEAHOCMEPHE "€l
ELECTRIC AND MAGNETIC FIELDS IN THE VICINITY OF TRANSMISSION NETWORK AND HVDC PLANTS

Prof. dr. Aldo Canova

AN3AIH PETYAATOPA 3A MNPUTYLLUMBAHE OCUMAALUNIA CHATE 3A EAEKTPAHE OBHOB/ASKMBUX
G ERIEAE
DESIGN OF POWER OSCILLATION DAMPING CONTROLLERS FOR RENEWABLE POWER PLANTS

Ap MuaaH NpoaaHosuh | Dr. Milan Prodanovi¢



16:00 - 18:30 NPEAABAHA | LECTURES
Npeaceaasajyhu: Aparad Aa6uh | Chair: Dragan Dabié

AHOAM3A YyTULLAJA MPUKASYYEHA COAAPHE EAEKTPOHE HA CUCTEM MOMONY KBA3M-AMHOMMYKOT
npopavyHa
Analysis of the Connection of the Solar Power Plant to the System Using Quasi-Dynamic
Calculation

Capa CtamaTosuh | Sara Stamatovié

POPMUPAHE CUMYAQLMOHOT MOAEAA 30 MNPOPAYYH EKBMBAAEHTHE WMMMNEAQHCE MPEHOCHE
MpexXe
Simulation Model for the Calculation of the Equivalent Impedance of the Transmission Network

Muanuna Amanapuh Llakuh | Milica Dilparié Cakié

JeAHO METOAOAOTU|A 30 ONTUMOAHY KOMMEH3AUM]Y PEAKTMBHE eHepruje Ha KoH3ymy TC 110/x kV
One Methodology for Optimal Compensation of Reactive Energy on TS 110/x kV Consumption
BpaHka Kosa4yesuh | Branka Kovacevié

MNMPOrHO3a HOMOHCKO PEAKTUBHMX CTAHA Y OKBUMPY NPUPOAHE HAMOHCKE 30HE
Forecast of Voltage-Reactive States Within the Natural Voltage Zone

Mupocaas Aparuhesuh | Miroslav Dragic¢evi¢

MHTerpaumja OUE, 6ATEPU|CKUX CKACAMLLTA EHEPTUE U PETYAUCAHE MOTPOLUHE Y BUPTYEAHY
€AEKTPAHY jeAHE MPOM3BOAHO MOTPOLLAYKE OOAQCTH

Integration of Renewable Energy Sources, Battery Energy Storage and Conftrolled Consumption
info the Virtual Power Plant of one Production-Consumption Zone

JeaeHa Masaosuh |Jelena Pavlovié

MHTPOA-22 AYyTOMOTCKM PETYAQTOP HAMOHO CUHXPOHOT reHepaTopa
INTROL-22 Synchronous Generator Automatic Voltage Regulator

Ap hophe CTtojuh | Dr. Dorde Stoji¢

YETBPTAK, 6. JYH | THURSDAY, JUNE 6

9:00-10:00 MNPEAABAMBA | LECTURES
Npeaceaasajyha: Ap AparaHa Haymosuh-Bykoeuh | Chair: Dr. Dragana Naumovi¢-Vukovi¢

HMBOU EAEKTPOMATNHETCKMX MOMA Y OKOAMHU TMPEHOCHUX EAEKTPOEHEPIETCKMX BOAOBA U
MOCTPOjEHA M MEPE 3ALLITUTE

Levels of Electromagnetic Fields in the Vicinity of Transmission Power Lines and Facilities and
Mitigation Techniques

Ap Maja F'p6uh | Dr. Maja Grbic

B1COKOHAMOHCKM KABAOBM — HOCUOLLM EHEPIUjE IPAAOBA ByAyNHOCTH

High-voltage cables — energy transfer carriers of the future cities

Mp HuHocaas Cumuh | MSc. Ninoslav Simié

[ACOM M3OAOBAHA MOCTPOJEHA Y MPEXM EAEKTPOMNPEHOCA

Gas-Insulated Facilities in the Power Transmission Network

Mp /oy6uwia Yuukapuh | MSc. Ljubisa Cickarié



10:30 - 12:00 NPEAABAHIA | LECTURES
Npeaceaasajyha: Ap JacHa Aparocasauy, | Chair: Dr. Jasna Dragosavac

MHoBALM|E M TPAHCDEP TEXHOAOTHE
Innovations and Technology Transfer

Ap JeaeHa Aykuh | Dr. Jelena Lukié

Pa3BOj MepHe onpeme 30 MCMUTUBAHE CTRY]HUX MEPHUX TOAHCAOPMATOPA Y MHCTUTYTY HUKOAC
TeCcAd 1 OCTBAPEHM PE3YATATH

Development of Measuring Equipment for Current Transformers Accuracy Testing at the Nikola
Tesla Institute

Ap AparaHa Haymosuh-Bykosuh | Dr. Dragana Naumovié-Vukovié
3EeAEHM MNPOrPAM CAPOAHE HAYKE M MPUBPEAE — MNPE3EHTALM|a PEe3yATaTa MpojekTa
GreenCleanS

Green Program of Cooperation between Science and Industry — Presentation of “GreenCleanS”
Project Results

Ap JeaeHa Aykuh | Dr. Jelena Lukié

Mpojekat NANO-THINK y okBupy nporpama ERASMUS+ Virtual Exchanges
NANO-THINK Project within the ERASMUS+ Virtual Exchanges Program
Ap AparaHa Haymosuh-Bykosuh | Dr. Dragana Naumovié-Vukovié

12:30 - 14:30 NPEAABAHA MO NO3UBY | INVITED LECTURES
Npeaceaasajyha: Ap Maja I'p6uh | Chair: Dr. Maja Grbi¢

XOAUCTUHKK TIPUCTYTT MOAEAUPAHY N AHAAKM3N OAPXMBUX EAEKTPOEHEPTETCKNX
CUCTEMA
HOLISTIC APPROACH TO MODELLING AND ANALYSIS OF SUSTAINABLE POWER SYSTEMS

NMpodb. Ap JoBuua MuaaHosuh | Prof. dr. Jovica Milanovié

OCHAXMBARE MPEXE: MHOBALMIE Y PASBOAHOJ OINPEMK 3A EHEPTETCKY TPAH3NLINJIY
EMPOWERING THE GRID: INNOVATIONS IN SWITCHING EQUIPMENT FOR ENERGY TRANSITION

HeHaa ¥Y3eaau, | Nenad Uzelac

PE3OHAHLLE M1 MHTEPAKUMJIE Y EAEKTPUHHNM MPEXAMA — PACTYRA M3A3OBU
RESONANCES AND INTERACTIONS IN ELECTRICAL NETWORKS — GROWING CHALLENGES
Mp FopaH Apobrwak | MSc. Goran Drobnjak



	Управљање ризиком код будуће електрификације великих размера
	Проф. др Младен Кезуновић, Универзитет A&M, Тексас, САД
	Prof. dr. Mladen Kezunović, Texas A&M University, USA

	Дигитализација – револуција која води ка будућим економијама са ниским емисијама угљеника
	Проф. др Владимир Терзија, Универзитет у Њукаслу, Уједињено Краљевство
	Prof. dr. Vladimir Terzija, Newcastle University, United Kingdom

	Електрична и магнетна поља у близини преносне мреже и високонапонских постројења једносмерне струје
	Проф. др Aldo Canova, Politecnico di Torino, Италија
	Prof. dr. Aldo Canova, Politecnico di Torino, Italy

	Дизајн регулатора за пригушивање осцилација снаге за електране обновљивих извора енергије
	Др Милан Продановић, IMDEA Energy Institute, Шпанијa
	Dr. Milan Prodanović, IMDEA Energy Institute, Spain

	Оснаживање мреже: иновације у разводној опреми за енергетску транзицију
	Ненад Узелац, G&W Electric Co, САД
	Nenad Uzelac, G&W Electric Co, USA

	Холистички приступ моделирању и анализи одрживих електроенергетских система
	Проф. др Јовица Милановић, Универзитет у Манчестеру, УК
	Prof. dr. Jovica Milanović, University of Manchester, UK

	Резонансе и интеракције у електричним мрежама – растући изазови
	Мр Горан Дробњак, GE Vernova Consulting Services, Немачка
	MSc. Goran Drobnjak, GE Vernova Consulting Services, Germany

	Анализа утицаја прикључења соларне електране на систем помоћу квази-динамичког прорачуна
	Сара Стаматовић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Sara Stamatović, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Формирање симулационог модела за прорачун еквивалентне импедансе преносне мреже
	Милица Дилпарић Цакић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Milica Dilparic Cakić, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Једна методологија за оптималну компензацију реактивне енергије на конзуму ТС 110/x kV
	Бранка Ковачевић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Branka Kovačević, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Прогноза напонско реактивних стања у оквиру природне напонске зоне
	Мирослав Драгићевић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Miroslav Dragicević, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Интеграција ОИЕ, батеријских складишта енергије и регулисане потрошње у виртуелну електрану једне производно потрошачке области
	Јелена Павловић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Jelena Pavlović, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	ИНТРОЛ-22 Аутоматски регулатор напона синхроног генератора
	Др Ђорђе Стојић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Dr. Djordje Stojić, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Нивои електромагнетских поља у околини преносних електроенергетских водова и постројења и мере заштите
	Др Маја Грбић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Dr. Maja Grbić, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Високонапонски каблови – носиоци енергије градова будућности
	Мр Нинослав Симић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	MSc. Ninoslav Simić, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Гасом изолована постројења у мрежи електропреноса
	Мр Љубиша Чичкарић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	MSc. Ljubiša Čičkarić, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Иновације и трансфер технологије
	Др Јелена Лукић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Dr. Jelena Lukić, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Развој мерне опреме за испитивање струјних мерних трансформатора у Институту Никола Тесла и остварени резултати
	Др Драгана Наумовић-Вуковић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Dr. Dragana Naumović-Vuković, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Зелени програм сарадње науке и привреде – презентација резултата пројекта „GreenCleanS”
	Др Јелена Лукић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Dr. Jelena Lukić, Nikola Tesla Institute, University of Belgrade, Republic of Serbia

	Пројекат NANO-THINK у оквиру програма ERASMUS( Virtual Exchanges
	Др Драгана Наумовић-Вуковић, Институт Никола Тесла ад, Универзитет у Београду, Република Србија
	Dr. Dragana Naumović-Vuković, Nikola Tesla Institute, University of Belgrade, Republic of Serbia


