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VIl SAVETOVAMIE O ELEKTRODISTRIBUTIVNIM MREZAMA SRBLIE sa regionalnim uéeséem
VIII CONFERENCE ON ELECTRICITY DISTRIBUTION IN SERBIA with regional participation ﬁa
{ CIRED

Vrnjockn Banja, 23/09/2012 - 26/09/2012

Izvestaj STK 1
Struéna komisija 1
ELEKTRODISTRIBUTIVNA POSTROJENJA | VODOVI

Predsednik komisije: Prof. dr Dragan TASIC
Elektronski fakultet, Ni§, Srbija

Za VIl Savetovanje o elektrodistributivnim mrezama u organizaciji CIRED-SRBIJA, Struénoj komisiji 1 "ELEKTRODISTRIBUTIVNA
POSTROJENJA | VODOVI" dostavlieno je ukupno 15 radova, od kojih 8 pripadaju grupi referata, a preostalih 7 tehnickim
informacijama.

Preferencijalne teme za Stru¢nu komisiju 1 su:

1. Izbor i primena novih tehnickih reSenja, tehnologija i opreme u elektrodistributivnim postrojenjima i vodovima.
2. Projektovanje elektrodistributivnih postrojenja i vodova kori¢enjem savremenih softverskih alata.

3. Uticaj elektrodistributivnih postrojenja i vodova na Zivotnu sredinu.

4. Tehnitka regulativa vezana za elektrodistributivna postrojenja i vodove.

Za prvu preferencijainu temu prihvaceno je devet radova, od toga Sest referata i tri informacije. Druga preferencijalna tema je
razmatrana u tri rada, koji pripadaju kategoriji informacija. Tri rada se odnose i na trecu preferencijalnu temu, pri ¢emu su dva
referata i jedna informacija. Za Cetvrtu preferencijainu temu nije bilo prijavljenih radova.

IZVESTAJ STRUCNIH IZVESTILACA
Preferencijalna tema 1:

Izbor i primena novih tehnickih reSenja, tehnologija i opreme u
elektrodistributivnim postrojenjima i vodovima

Struéni izvestilac: Ljiliana FUNDUK, Elektrodistribucija Beograd, Srbija

R-1.01 SUVREMENA REéENJA U DISTRIBUTIVNIM TRANSFORMATORIMA
Autori B. CUCIC, M. MIKULIC, M. MIHALJEVIC, Koncar-Distributivni i specijaini transformatori d. d., Hrvatska
Recenzent: Slobodan MAKSIMOQVIC, Elektrodistribucija Beograd, Srbija

U radu se daje pregled savremenih tehnoloSkih redenja pri fabrikovanju distributivnih energetskih transformatora sa papirno-uljnom
izolacijom. Zbog ustede materijala, koristi se ovalni presek jezgra. To sa sobom povladi veéa naprezanja namota na sile kratkog
spoja. Zato je neophodna kompenzacija naprezanja upotrebom “dijamantskog” papira, kontrolisanog zatezanja izolacije i zice za
vreme motanja i kori§¢enje izolacije u trakama. Da bi se uspeSno medusobno zalepili susedni slojevi "dijamantskog” papira potrebna
je precizna kontrola temperature izolacije u namotu tokom susenja, $to se uspesno ostvaruje suSenjem strujama niske frekvencije.
Zbog visoke cene bakra i njene velike fluktuacije sve se viSe koriste transformatori sa aluminijumskim namotima. U veéini slu¢ajeva,
zbog ustede materijala i nemoguénosti dodira ulja i vazduha, koriste se hermeticki zatvoreni kotlovi.

Pitanja za diskusiju:
1. Zbog &ega se pri suSenju strujama insistira na niskoj frekvenciji?
2. Koje su mane namotaja od aluminijuma?

R-1.02 IZBOR PRESJEKA OGRANKA GLAVNOG VODA NADZEMNE NISKONAPONSKE MREZE IZVEDENE
SAMONOSIVIM KABLOVSKIM SNOPOM SA EKONOMSKOG ASPEKTA

Autori: A. STUPAR, S. JOLDZIC, ZP "Elektrokrajina” Banjaluka, Republika Srpska, Bosna i Hercegovina

Recenzent: Slobodan MAKSIMOVIC, Elektrodistribucija Beograd, Srbija

Na podru¢ju ZP "Elektrokrajina” uobicajeno je da se izlazi iz STS NN mreze izvode pomoc¢u SKS preseka 70 mm2, a ogranci 35
mmz2. Ako je neki ogranak izveden SKS preseka 35 mm2, NN izlaz u STS mora se Stititi osiguraem od 100 A. Zavisno od duzine i
strukture ogranka, projektanti su Cesto u dilemi da li odabrati SKS 70 mmz2 ili 35 mm2. Razlika u ceni ova dva SKS je 0,97 €/m. Ovo
sugeriSe ¢eSCi izbor SKS preseka preko 70 mm2. Ovde je data aplikacija u Excel-u za izbor preseka ogranka glavnog voda sa
ekonomskog aspekta.

Pitanja za diskusiju:
1. Koliko je dnevni dijagram opterecenja domacinstva realan?

R-1.03 ODREDIVANJE ELEKTRICNIH | MAGNETSKIH KARAKTERISTIKA ALUCEL UZADI

Autori: K. KASAS-LAZETIC, M. PRSA, D. HERCEG, N. BURIC, Univerzitet u Novom Sadu, Fakultet tehnickih nauka,
Novi Sad, Srbija

Recenzent: Porde GLISIC, Elektrodistribucija Beograd, Srbija
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U radu su odredene elektricne i magnetske karakteristike Alucel uzadi kombinacijom merenja i numericke obrade izmerenih
rezultata. Odredivanje specifitnih provodnosti materijala nije zahtevalo kori§¢enje komplikovanog matematickog aparata, dok su za
odredivanje permeabilnosti eliénog jezgra morale da budu primenjene odredene procedure numericke analize.

Smatram da su autori trebali makar da daju uporedne rezultate sa rezultatima prorauna u IEC/TR 61597: Overhead electrical
conductors - Calculation methods for stranded bare conductors, a posebno referenci iz Literature u Priligu A u kojima se obraduju
ova fundamentalna ispitivanja.

Pitanja za diskusiju:
1. Gde autori vide primenu karakteristika koje su odredili?

R-1.04 ODREDIVANJE FREKVENCIJSKI ZAVISNE PODUZNE IMPEDANSE ALUCEL PROVODNIKA
Autori: N. MUCALICA, “Energotehnika — Juzna Backa’, Novi Sad, Srbija

M. PRSA, K. KASAS-LAZETIC, N. BURIC, Fakultet tehnigkih nauka, Novi Sad, Srbija
Recenzent: Porde GLISIC, Elektrodistribucija Beograd, Srbija

U radu su odredene frekvencijski zavisne poduzne impedanse alucel provodnika. Svi proracuni izvedeni su za devet razli¢itih
frekvencija, sa posebnim akcentom na neparne harmonike, koji se esto javljaju. Potvrdena je poznata Cinjenica da je povrSinski
efekat je utoliko izrazeniji ukoliko je frekvencija visa i provodnici veéih popreénih preseka.

Smatram da su autori trebali makar da daju uporedne rezultate sa rezultatima proracuna u IEC/TR 61597: Overhead electrical
conductors - Calculation methods for stranded bare conductors, a posebno referenci iz Literature u Priligu A u kojima se obraduju
ova fundamentalna ispitivanja.

Pitanja za diskusiju:
1. Da li su autori pokuSali da uspostave analiticku vezi izmedu otpronosti, odnosno induktivnosti provodnika i frekvencije

naizmeniéne struje?

R-1.5 UTICAJ DNEVNOG DIJAGRAMA OPTERECENJA NA ZAGREVANJE JEDNOZILNIH KABLOVA
POLOZENIH U ZEMLJU

Autori: M. STOJANOVIC, D. TASIC, N. CVETKOVIC, A. RISTIC, Univerzitet u Nisu, Elektronski fakultet, Nig, Srbija

Recenzent: Dr Miladin TANASKOVIC, Elektrodistribucija Beograd, Srbija

Clanak po prvi put u nasoj struénoj javnosti obraduje posredno odredivanje dozvoljenog strujnog optere¢enja pri promenljivom
ciklicnom optereéenju primenom standarda IEC60853.

Pitanja za diskusiju:
1. Sta autori misle 0 moguénosti primene standarda IEC60853 za odredivanje dozvoljenih strujnih opterecenja kod promenljivih

cikli¢nih opterecenja od strane Sirokog kruga korisnika?

2. Koje su prednosti i nedostaci primene standarda IEC60853 u odnosu na ,Current ratings of cables for cyclic and emergency
load*, Electra No. 24, 1972, p.63.-97. i ,ETZ Report 13*, VDE, Berlin 1978 za odredivanje dozvoljenog strujnog optereéenja kod
promenljivog cikliénog optere¢enja?

R-1.06 PRIMENA ELEKTROPORCELANSKE MASE POVECANIH MEHANICKIH KARAKTERISTIKA ZA 1ZRADU
IZOLATORA
Autori: B. SIMENDIC, Visoka tehni¢a Skola strukovnih studija Novi Sad

S. GRUJIC. D. JOVANOVIC, AD Elektroporcelan Novi Sad
V. SIMENDIC, Tehnqloéki fakultet Novi Sad
Recenzent: Dr Vesna PAUNQVIC, Elektronski fakultet, Ni§, Srbija

U radu je prikazana aluminatna elektroporcelanska masa, pripremliena od sirovina koje se koriste u redovnoj proizvodnji
elektroporcelanskih izolatora AD ,Elektroporcelan® iz Novog Sada. Elektroporcelanska masa je pripremliena standardnim mokrim
postupkom, pri éemu je u odnosu na standardnu masu, sadrzaj glinice povecan na 30%. Potporni izolatori za rastavljaCe su
oblikovani takode mokrim postupkom, nakon Cega su osuSeni, glazirani braon glazurom i sinterovani u industrijskoj komornoj pe¢i pri
oksidaciono-redukcionim uslovima na 1250°C. Nakon zavr$ne obrade izolatori su ispitani mehaniéki, testom na savijanje, pri ¢emu
su dobijene vrednosti bile za 40% vece u odnosu na izolatore koji se proizvode iz mase C-120.

Recenzent smatra da je proces proizvodnje porcelana (poglavlje2) previse opsirno dat, tako da zauzima viSe od pola rada.

Pitanja za diskusiju:
1. Koliki su troSkovi izrade ovakvih izolatora?

1-1.07 SAVREMENI RAZVOD PQMOCNIH NAPONA U TRANSFORMATORSKIM STANICAMA 110/X
Autori K. VUKOBRAT. J. PURAC "Elektrovojvodina" d.0.0.. Novi Sad
Recenzent Bogdan FUNDUK, Elektrodistribucija Beograd, Srbija

U radu je dat savremen pristup projektovanju razvoda pomoénih napona u novim TS110/x koji se ve¢ koristi kod elektrodistributivnih
preduzeca. Preporu¢eno je koriS¢enje upravljivih automatskih prekida¢a i osiguraa i mikroprocesorskih uredaja za lokalnu
automatiku i prikupljanje i preno$enje informacija o stanju pomo¢nih napona u sistem daljinskog upravljanja.
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Predlog je da se kod izlaganja prikaZe jedan savremen tipi¢an razvod pomocnih napona u TS 110/x.

Pitanja za diskusiju:

1. Kako je reSen prenos informacija o stanju pomoénih napona u TS (nivo ¢éelije, nivo polja 110 kV, nivo table sopstvene
potro$nje)- koje se informacije prikazuju na svakom nivou?

2. Koji se procesi mogu automatizovati a kojima se mozZe upravljati?

3. Koliko selektivnost u razvodu automatskih osiguraca utice na izbor opreme?

4. Dalije primenjen princip prenoSenja svih signala i alarma sa sopstvene potro3nje u stani¢ni raunar ili zbirna signalizacija?

1-1.08 RESENJE POMOCNOG NAPAJANJA ZA TRANSFORMATORSKU STANICU TS 35/10 kV NOVI
BEOGRAD 1

Autori: M. LAZIC. D. PETROVIC, Iritel a.d., M. LUKOVIC, D. JEKIC, JP EDB d.o.0.

Recenzent: Bogdan FUNDUK, Elektrodistribucija Beograd, Srbija

U radu je prikazano reSenje napajanja TS 35/10 kV Novi Beograd 1 pomoénim jednosmernim naponom sa modularnim ispravljatem,
suvom akubaterijom od 200Ah tip OPzV 2V/¢lanku, praznjaéem akubaterije i uredajem za daljinski nadzor i upravljanje pomoénim
napajanjem. NaglaSena je redundantnost modularnog reSenja ispravija¢a, prenos signalizacija nadzora nad aku baterijom i
kvalitetom jednosmernog napona kako u vrednosti tako i kapacitetu aku-baterije. Rad istiCe moguénost primene ovih sistema za
daljinski nadzor i upravljanje na razne tipove baterija kao i veliku korist u pogledu informacija za distributivne centre upravijanja i
sluzbe odrzavanja sopstvene potrosnje.

Pitanja za diskusiju:

1. Kako je reSen prenos informacija o stanju pomoénih napona u TS u sluzbu odrzavanja i SDU?
2. Kako se utvrduje stanje akubaterije (raspoloZivi kapacitet)?

3. Koliko modularnost ispravljaéa doprinosi redundandnosti ispravljaéa?

4. Prednost kori§¢enja suvih baterija smestaj i odrzavanje?

1-1.09 KABLOVSKI RAZVOD NA NOVOM MOSTU BESKA
Autori: D. RADOVANOVIC, I. BACVANSKI, Elem & Elgo d.0.0, Srbija
Recenzent: Biliana STOJANOVIC, Elektrodistribucija Beograd, Srbija

Rad opisuje projektovanije i izvodenje kablovskog razvoda na mostu Beska i ukazuje na reSenja koja su koriséena na samom mostu.
Pored toga rad je zna€ajan u smislu predstavljanja integralnog procesa projektovanja i izvodenja radova prema FIDIC zutoj knjizi Sto
je od znacaja za svaki kompleksan posao koji ukljuéuje izradu tenderske dokumentacije, projektovanje i izgradnju elektroenergetskih
objekata u kojima je potrebna sinhronizacija poslova.

Pitanja za diskusiju:
1. Kakva su iskustva autora u izgradnji objekata po tzv. FIDIC uslovima ugovaranja?

2. Dallise iskustva ste¢ena pri projektovanju i izgradnji kablovskog razvoda na mostu BeSka mogu primeniti i na drugim mestima
Preferencijalna tema 2:
Projektovanje elektrodistributivnih postrojenja i vodova koriSéenjem savremenih softverskih alata
Struéni izvestilac: Mr Miodrag STOJANOVIC, Elektronski fakultet, Nig, Srbija

1-1.10 PRIMENA SAVREMENIH SOFTVERSKIH ALATA U IZRADI ELEKTRICNIH SEMA
Autori: S. BOGOSAVLJEVIC, V. 'DOBRANIC, "Elektrovojvodina” d.0.0, Srbija
Recenzent: Mr Miodrag STOJANOVIC, Elektronski fakultet, Ni§, Srbija

U radu je dat opis rada savremenih softvera za projektovanje i ukazano je na njihove prednosti u odnosu na klasi¢an nacin
projektovanja. Autor se u radu poziva samo na jednu referencu, uputstvo jednog sofverskog alata za projektovanije elektriénih kola, a
u naslovu rada i tekstu se uvek o softverskim alatima govori u mnoZini.

Pitanja za diskusiju:
1. Dali autori imaju iskustva u radu sa sliénim softverskim alatima za projektovanje?

Kako je u softveru integrisan deo koji je od znadaja za izvodage: montaZzne Seme sa rasporedom opreme u ormanima i lista
opreme?

3. Dalli se za elektriéne instalacije stambenih objekata moZe koristiti ovaj softver i kakva je veza sa uobi¢ajenim CAD programima
iz kojih se preuzimaju odgovarajuée gradevinske podloge?

4. Dali je i na koji na¢in omoguceno crtanje Fieldbus mreza i da li postoji moguénost razmene podataka (adresa itd.) sa
programerima PLC i SCADA?

-1.11 PLS CADD KAO SAVREMENI SOFTVERSKI ALAT ZA RESAVANJE PROBLEMA PROJEKTOVANJA
DALEKOVODA

Autori: Z. HASOVIC, Energoinvest d.d., Sarajevo, Bosna i Hercegovina

Recenzent: Miodrag STOJANOVIC, Elektronski fakultet, Nig, Srbija
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U radu je dat opis softverskog paketa PLS CADD koji se koristi za projektovanje dalekovoda. Naslov referata ukazuje na to da ¢e se
u radu fokus staviti na probleme sa kojima se projektanti sre¢u kod projektovanja dalekovoda, a zatim kako se ovi problemi re$avaju
primenom PLS CADD, ali autor u radu nije u dovoljnoj meri ukazao na ove probleme. Format numeri¢kog spiska koriS¢ene literature
nije u skladu sa uputstvom za pisanje referata i potrebno ga je usaglasiti.

Pitanja za diskusiju:
Da li autori imaju iskustva u radu sa sli¢nim softverskim paketima? Ukoliko ima koje su prednosti PLS?

1.
2. Koje sve podatke je potrebno uneti u program da bi se izvrSio izbor optimalnih lokacija stubova?
3. Nakoji se nacin u softveru vrsi izbor temelja stubova, i da li je u skladu sa domacim tehni¢kim preporukama?

1-1.12 MATEMATICKE METODE ZA ODREPIVANJE JEDNACINE KRIVE VODA U KOSOM RASPONU NA
OSNOVU POZNATOG NAJVECEG UGIBA PARABOLE ZA ODABRANU TEMPERATURU

Autori: A. HATIBOVICS, EDF DEMASZ Halozat, Hungary

Recenzent: Djordje GLISIC, Elektrodistribucija Beograd, Srbija

Smatram da je ovaj rad na nivou akademskog razmatranja i nema nikave prakti¢ne vrednosti, zato $to se bazira na jednacinama
parabole koje su €ak i u stru¢noj literaturi napustene polovinom osamdesetih godina proslog veka.

Smatram da je autor trebao makar da da uporedne rezultate dobijene koriS¢enjem parabole i hiperbole zato $to ugibi, kod
horizontalnog raspona, osim u sredini raspona nisu jednaki i mogu kod analiza ukrtanja da dovedu do pogresnih zaklju¢aka, a
narocito za ukrstanja bliska sredini raspona.

Primena parabole za reSavanje kosih raspona je prakti¢no zabranjena, zato $to ne vaze ista pravila parabole horizontalnog raspona
na parabolu kosog raspona, ta praksa se koristila u vreme kada su se projekti radili Sablonima a projektanti su onda uvek dodavali
jo§ dva metra sigurnosne visine da bi nadoknadili greSke primenjene metode.

Preferencijalna tema 3:
Uticaj elektrodistributivnih postrojenja i vodova na Zivotnu sredinu
Strucni izvestilac: Vladimir SILJKUT, Elektrodistribucija, Beograd, Srbija

R-1.13 NIVOI NEJONIZUJUCIH ZRACENJA NADZEMNIH | KABLOVSKIH VODOVA 35 KV
Autori: M. GRBIC, A. PAVLOVIC, Elektrotehnigki institut “Nikola Tesla”, Beograd, Srbija

M. TAUSANOVIC, V. SILJKUT, PD "Elektrodistribucija Beograd”, Beograd, Srbija
Recenzent: Prof. dr Jovan CVETIC, Elektrotehnigki fakultet, Beograd, Srbija

U radu je dat prikaz rezultata ispitivanja nivoa nejonizujuéih zraenja niskih uCestanosti (jaCine elektriénog polja i magnetne
indukcije) u okolini distributivnih elektroenergetskih nadzemnih i podzemnih (kablovskih) vodova naponskog nivoa 35 kV. Duz trasa
vodova birane su lokacije na kojima nema drugih objekata koji bi mogli da uti€u na nivoe nejonizjujuéih zragenja.

Pitanja za diskusiju:
1. Koliki je stvarni raspon izmedu navedenih stubova (1874-1875) u metrima? Koliko je opustanje Zica na sredini? Na kom mestu

izmedu stubova su vr8ena merenja? Opisati geometriju i prokomentarisati uticaj na rezultate merenja.

2. Kako po vaSem miSljenju provodnost tla utiGe na nivoe jacine polja (posebno elektriénog) u blizini dalekovoda?

3. Dallije, pri mernju, dalekovod bio simetri¢no opterecen? Ako nije kolika je asimetrija bila prisutna u faznim provodnicima pri
merenjima i prokomentarisati kako ona utice na pojavu polja u okolini?

4. Koriste¢i rezultate postoje¢ih merenja da li bi ste mogli izraCunati najve¢i moguéi nivo polja (pri maksimalnom opterecenju i
maksimalnoj dozvoljenoj tf mogucoj asimetriji optereCenja, merenja po sredini izmedu stubova gde je vod najblizi tlu)?

R-1.14 MEDULABORATORIJSKO POREDENJE REZULTATA MERENJA MAGNETSKE INDUKCIJE
DISTRIBUTIVNOG VODA

Autori: M. GRBIC, A. PAVLOVIC, Elektrotehnigki institut “Nikola Tesla”, Beograd, Srbija
B. VULEVIC, C. BELIC, JP "Nuklearni objekti Srbije” Beograd, Srbija

Recenzent: Prof. dr Jovan CVETIC, Elektrotehnicki fakultet, Beograd, Srbija

U radu je prikazano medulaboratorijsko poredenije rezultata merenja magnetne indukcije distributivnog nadzemnog voda naponskog
nivoa 35 kV. Kori§¢eni su rezultati merenja dve ispitne laboratorije: Laboratorije za ispitivanja i eteloniranje Elektrotehnickog instituta
"Nikola Tesla” i JP "Nuklearni objekti Srbije”

Pitanja za diskusiju:
1. Koliki je stvarni raspon izmedu navedenih stubova (1875-1876) u metrima? Koliko je opustanje Zica na sredini? Merenja su

vréena blizu stuba 1876. Na kojoj udaljenosti? Opisati tu geometriju i prokomentarisati uticaj na rezultate merenja.

2. Kako po vaSem miSljenju provodnost tla utiGe na nivoe jacine polja (posebno elektriénog) u blizini dalekovoda?

3. Dallije, pri mernju, dalekovod bio simetri¢no opterecen? Ako nije kolika je asimetrija bila prisutna u faznim provodnicima pri
merenjima i prokomentarisati kako ona utie na pojavu polja u okolini?

4. Koriste¢i rezultate postoje¢ih merenja da li bi ste mogli izraCunati najve¢i moguéi nivo polja (pri maksimalnom optereéenju i
maksimalnoj dozvoljenoj tf mogucoj asimetriji opterecenja, merenja po sredini izmedu stubova gde je vod najblizi tlu)?
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1-1.15 STANJE ULJNIH JAMA U DISTRIBUTIVNIM TRANSFORMATORSKIM STANICAMA U ODNOSU NA
ZAHTJEVE ZASTITE OKOLISA

Autori: A. SUPIC, JP Elektroprivreda BiH d.d. Srajevo, Sektor za distribuciju, BiH, R. DZAKA, JP Elektroprivreda BiH
d.d. Srajevo, Podruznica ,Elektrodistribucija“, Sarajevo, BiH

Recenzent: Branislava MILOSEVIC, Elektrodistribucija, Beograd, Srbija

U radu se razmatra stanje uljnih jama u distributivnim transformatorskim stanicama u odnosu na nov pristup zastiti okoline koji je
posledica dono3enja Zakona o zastiti okoline Federacije BiH. Ukazano je na nalin uskladivanja izvedenih reSenja
elektrodistributivnih objekata sa zahtevima zastite okoline.

Recenzent smatra da je moguce proSirenje u delu u kome je dat opis stanja uljnih jama na terenu, kod TS 35/10kV na kojima su
potrebne vece intervencije (Sto je napomenuto, a u radu nije prikazano). Takode, nije navedeno zasto su za rad odabrana dva
prikazana stanja uljnih jama.

Pitanja za diskusiju:
1. Da li su autori razmatrali koliko je novéanih sredstava potrebno za sanaciju uljnih jama koje ne zadovoljavaju zahteve zastite

okoline?

EC 1 Report
Expert Committee 1
DISTRIBUTION SUBSTATIONS AND POWER LINES

Chairman: Prof. Dragan TASIC, PhD.
Faculty of Electronic Engineering, Nis, Serbia

For VIII Conference on Electricity Distribution in the organization of CIRED-SERBIA, Expert committee 1 "DISTRIBUTION
SUBSTATIONS AND POWER LINES" had received 15 papers in total, 8 of them are classified as reports, and remaining 7 as
technical information.

Preferential subjects for the Expert committee 1 are:

5. Selection and application of new technical solutions, technologies and equipment in substations and power lines.

6. Design of power distribution facilities and lines using modern software tools.

7. Influence of substations and power lines regarding environmental protection.

8. Technical regulation regarding substations and power lines.

For the first preferential subject a nine papers had been accepted, six reports and three technical information. The second
preferential subject is discussed in three papers, classified as technical information. Three remaining papers are accepted for the
third preferential subject, two reports and technical information. For the fourth preferential subject there were no received papers.

EXPERT COMMITTEE REPORT
Preferential subject 1:
Selection and application of new technical solutions, technologies and equipment in substations and power lines
Expert rapporteur: Ljiliana FUNDUK, Electric Power Distribution Belgrade, Serbia

R-1.01 MODERN SOLUTIONS IN THE DISTRIBUTION TRANSFORMERS
Authors: B. CUCIC, M. MIKULIC, M. MIHALJEVIC, Koncar Distribution and Special Transformers Inc., Croatia
Reviewer: Slobodan MAKSIMOVIC, Electric Power Distribution Belgrade, Serbia

This paper provides an overview of modern technological solutions in the fabrication of power distribution transformers with paper-oil
insulation. An oval cross-section of the core is used, due to material saving. This shape of cross-section entails a higher strain on the
windings due to short-circuit electromechanical forces. Therefore, strain compensation is necessary using the “diamond” paper,
controlled tension of the insulation and wire during the winding up and using the ribbon insulation. In order to successfully conjugate
the adjacent layers of “diamond” paper, a precise control of insulation temperature of the winding during its drying is necessary. This
is accomplished by using low frequency currents for the drying. Due to high price of the copper and wide fluctuations in its value,
transformers with aluminum windings are increasingly being used. In most cases, in order to save material and prevent the contact
between oil and air, sealed enclosures are used.

Questions for discussion:
3. Why s itinsisted on low frequency of the current during the drying?
4. What are the disadvantages of aluminum windings?

R-1.02 SELECTION OF BAY BRANCH CROSS SECTION OF OVERHEAD LOW VOLTAGE NETWORK MADE
WITH AERIAL BUNDLE CONDUCTOR BASED ON COMMERTIAL ASPECT

Authors: A. STUPAR, S. JOLDZIC, ZP "Elektrokrajina” Banja Luka, Republika Srpska, Bosnia and Herzegovina

Reviewer: Slobodan MAKSIMOVIC, Electric Power Distribution Belgrade, Serbia
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In the area of ZP "Elektrokrajina”, it is common practice that feeders from the pole mounted substation of low voltage network are
realized as ABC with 70 mm? cross-section and branches as ABC with 35 mm2 cross-section. If a branch is realized as ABC with 35
mm?2 cross-section, LV output must be protected with 100 A fuses. Depending of the length and structure of the branch, designers
are often in dilemma whether to choose ABC 70 mm? or ABC 35 mm2. The difference in price between these two ABCs accounts
0.97 €/m. This suggests usual choice of ABC with cross-section over 70 mmz2. Herein is given an Excel application for the selection
of branch cross-section of the main feeder, from the economic point of view.

Questions for discussion:
1. How much the residential daily load diagram, corresponds to real situation?

R-1.03 DETERMINATION OF ELECTRIC AND MAGNETIC CHARACTERISTICS OF ACSR CONDUCTORS

Authors: K. KASAS-LAZETIC, M. PRSA, D. HERCEG, N. BURIC, University of Novi Sad, Faculty of Technical
Sciences, Novi Sad, Serbia

Reviewer: Porde GLISIC, Electric Power Distribution Belgrade, Serbia

In this paper, electrical and magnetic characteristics of the ACSR conductors are determined by the combination of measurements
and numerical processing of the obtained results. Determination of electric conductivity of the material didn’t required the use of
complex mathematical procedures, while for the determination of magnetic permeability of the steel core it had to be applied certain
procedures of numerical analysis.

Reviewer considers that author should at least give comparable results with calculations given in IEC/TR 61597: Overhead electrical
conductors - Calculation methods for stranded bare conductors, and especially with ones in references from the Literature in
Appendix A, which deals with these fundamental researches.

Questions for discussion:
2. Where authors see the application of characteristics which they determined?

R-1.04 DETERMINATION OF FREQUENCY DEPENDENT IMPEDANCE PER UNIT LENGTH OF ACSR
CONDUCTORS
Authors: N. MUCALICA, “Energotehnika — Juzna Batka’, Novi Sad, Serbia,
M. PRSA, K. KASAS-LAZETIC, N. BURIC, Faculty of Technical Sciences, Novi Sad, Serbia
Reviewer: Porde GLISIC, Electric Power Distribution Belgrade, Serbia

This paper deals with determination of frequency dependent impedances per unit length of the ACSR conductors. All of the
calculations are performed for nine different frequencies, with special emphasis on the odd harmonics, which often occurs. The well
known fact is verified, that skin effect is inasmuch more noticeable with the increase of frequency value and conductor cross-section.
Reviewer considers that author should at least give comparable results with calculations given in [EC/TR 61597: Overhead electrical
conductors - Calculation methods for stranded bare conductors, and especially with ones in references from the Literature in
Appendix A, which deals with these fundamental researches.

Questions for discussion:
2. Did the authors tried to find an analytical relation between the resistivity, or inductivity, of the conductor and AC frequency?

R-1.05 IMPACT OF DAILY LOAD DIAGRAM ON HEATING OF SINGLE-CORE CABLES BURIED IN SOIL

Authors: M. STOJANOVIC, D. TASIC, N. CVETKOVIC, A. RISTIC, University of Nis, Faculty of Electronic Engineering,
Nis, Serbia

Reviewer: Dr Miladin TANASKOVIC, Electric Power Distribution Belgrade, Serbia

This article, for the first time in domestic professional public, deals with indirect determination of the permissible current load at cyclic
loading using the IEC60853 standard.

Questions for discussion:

3. What authors think about the possibility of applying the IEC60853 standard for determination of permissible current loads at
cyclic loading by a wide range of users?

4. What are the advantages and disadvantages of the application of IEC60853 standard in relation to ,Current ratings of cables for
cyclic and emergency load®, Electra No. 24, 1972, p.63.-97. and ,ETZ Report 13%, VDE, Berlin 1978 for determination of
permissible current load at cycling loading?

R-1.06 APPLICATION OF ELECTROPORCELAIN BODY WITH IMPROVED MECHANICAL PROPERTIES FOR
PRODUCTION OF POST INSULATORS
Authors: B. SIMENDIC, Visoka tehni¢a 8kola strukovnih studija Novi Sad,

S. GRUJIC, D. JOVANOVIC, AD Elektroporcelan, Novi Sad
V. SIMENDIC, Faculty of Technology, Novi Sad
Reviewer: Dr Vesna PAUNOVIC, Faculty of Electronic Engineering, Nis, Serbia

This paper presents the aluminous electro-porcelain mass, prepared from the row materials used in standard production of the
electro-porcelain insulators in AD ,Elektroporcelan, Novi Sad. Electro-porcelain mass is prepared by using the standard wet
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procedure, where the standard mass of the alumina is increased by 30%. Post insulators used in disconnectors are also shaped by
wet procedure, after which they were dried, glazed with brown suspension and baked in chamber furnaces at oxidizing and reducing
atmosphere at 1250°C. After finishing, insulators are mechanically tested, i.e. bending tested, where obtained values were higher by
40% in relation to insulators produced by using the mass C-120.

Reviewer believes that process of porcelain production (chapter 2) is given too extensively, so it takes up more than half of the
paper.

Questions for discussion:

2. What are the costs of making these insulators?

1-1.07 MODERN AUXILIARY CONTROL POWER SYSTEM FOR 110/X kV SUBSTATIONS
Authors: K. VUKOBRAT. J. PURAC "Elektrovojvodina" d.o.0., Novi Sad, Serbia
Reviewer: Bogdan FUNDUK, Electric Power Distribution Belgrade, Serbia

In this paper is given the modern approach to design the auxiliary control power system for new 110/x kV substations, which is
already used at electrical utilities. It is recommended to use controllable automatic switches and fuses, and microprocessor devices
for local automation and acquisition and transfer of information about the state of auxiliary control power system to SCADA system.

It is proposed, when the paper is presented publicly, to give the example of typical modern auxiliary control power system for

110/x kV substation.

Questions for discussion:

5. How the information transfer about the state of auxiliary control power system in substation was solved (on cell level, on 110 kV
level, on auxiliary consumption level), which information are shown at each level?

6. Which processes can be automated and which ones can be controlled?

7. How much the protection selectivity affects on equipment selection, when automatic fuses are used?

8. s it applied the principle of transfer of all signals and alarms from auxiliary consumption to substation computer, or collective
signalisation and alarm?

1-1.08 THE SOLUTION FOR THE AUXILIARY SUBSTATIONS OF TS 35/10 KV/KV "NEW BELGRADE
Authors: M. LAZIC. D. PETROVIC, Iritel a.d.,

M. LUKOVIC, D. JEKIC, JP Elektrodistribucija Beograd d.o.o.
Reviewer: Bogdan FUNDUK, Electric Power Distribution Belgrade, Serbia

This paper presents the solution of supplying the 35/10 kV substation, New Belgrade 1 with auxiliary DC voltage obtained from
modular rectifier, dry battery with 200Ah capacity type OPzV 2Vi/cell, battery discharger and remote monitoring and control of
auxiliary supply device. It is emphasized the redundancy of modular solution for the rectifier, transfer of battery monitoring
signalisation and the quality of DC voltage both in value and capacity of the battery. The paper highlights the possibility of application
of these systems for remote monitoring and control on different battery types, as well as great benefit in term of giving the
information to distribution management centres and auxiliary consumption maintenance service.

Question for discussion:

5. How the information transfer about the state of auxiliary control power system in substation to maintenance service and SCADA
system was solved?

6. How the battery status is estimated (available capacity)?

7. How does the modularity of rectifier contribute to its redundancy?

8. Advantages of using the dry batteries (storage and maintenance)?

1-1.09 CABLE DISTRIBUTION OF THE NEW BRIDGE BESKA
Authors: D. RADOVANOVIC, I BACVANSKI, Elem & Elgo d.0.0, Serbia
Reviewer: Billana STOJANOVIC, Electric Power Distribution Belgrade, Serbia

Paper describes designing and construction work of cable distribution of the new bridge Beska and shows the solutions applied on
the bridge itself. Besides, the paper is significant in term of presenting the integral designing and construction work process
according to FIDIC yellow book, which is important for every complex work that includes preparation of tender documentation,
designing and construction of electric power facilities in which the job synchronisation is needed.

Questions for discussion:

3. What are the authors’ experiences about facility construction according to so-called FIDIC terms of contract?

4. Can gained experience in designing and construction of cable distribution of the new bridge Beska be applied on the other
sites?
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Preferential subject 2:
Design of power distribution facilities and lines using modern software tools
Expert rapporteur: Mr Miodrag STOJANOVIC, Faculty of Electronic Engineering, Nis, Serbia

1-1.10 APPLICATION OF MODERN SOFTWARE TOOLS IN ELECTRIC SCHEMATICS
Authors: S. BOGOSAVLJEVIC, V. DOBRANIC, "Elektrovojvodina” d.0.0., Serbia
Reviewer: Mr Miodrag STOJANOVIC, Faculty of Electronic Engineering, Nis, Serbia

Paper provides the description of how the modern software designing tools are functioning and it demonstrates their advantages
over the classic way of designing. The author of this paper refers to only one reference, user manual of one software tool for electric
circuit designing, however, in paper title and latter text software tools are always mentioned in plural.

Questions for discussion:

5. Do authors have the experience in working with similar software designing tools?

6. On which way the module of significance for contractors is integrated into the software: installation schemes with equipment
layout in enclosures and list of the equipment?

7. Can this software be used in designing the electrical installations in residential buildings and what is the connection with
common CAD programs from which the appropriate building drawings are taken over?

8. Is it and on which way enabled drawing of Fieldbus networks and is there a possibility of data exchange (addresses etc.) with
programs PLC and SCADA?

-1.11 PLS CADD SOFTWARE AS A MODERN TOOL FOR PROBLEM SOLVING TRANSMISSION LINES
DESIGN

Authors: Z. HASOVIC, Energoinvest d.d., Sarajevo, Bosnia i Herzegovina

Reviewer: Miodrag STOJANOVIC, Faculty of Electronic Engineering, Nis, Serbia

This paper presents the description of software suite PLS CADD used for designing power lines. The title of paper suggests that the
focus will be on problems with which designers are faced when they work on new projects of power lines, and after that, how to solve
them using the PLS CADD, but the author of the paper didn’'t pointed out at these problems good enough. The format of reference
list isn’t in accordance with given template and needs to be corrected.

Question for discussion:

4. Does the author have experience in working with similar software suits? If does, what are the advantages of PLS?

5. What sort of data needs to be inputted in program, to carry out the selection of optimal locations for poles?

6. On which way the software selects what kind of pole foundation should be made, and is it in accordance with domestic technical

recommendations?
1-1.12 MATHEMATIC METHODS FOR DETERMINATION OF THE EQUATION FOR THE CONDUCTOR HEIGHT
IN INCLINED SPANS ON THE BASIS OF KNOWN MAXIMAL SAG OF PARABOLA FOR CHOSEN
TEMPERATURE
Authors: A. HATIBOVICS, EDF DEMASZ Halézat, Hungary
Reviewer: Djordje GLISIC, Electric Power Distribution Belgrade, Serbia

The reviewer thinks that this paper is on academic level and has no practical value, because it's based on equations of parabola
which have been, even in professional literature, abandoned since the mid-eighties of the last century.

Also, the author should at least give the comparative results obtained by using the equation of parabola and equation of hyperbola,
because sags at horizontal span, except at its middle, are not equal and when conducting crossing analysis, they can lead to wrong
conclusions, especially for intersections near middle of the span.

Application of parabolic equation for solving the inclined span is practically forbidden, because the rules applied for horizontal span
are not valid for inclined span. That practice was used when projects were carried out in stereotype manner and then designers have
always added additional two meters of safety height to compensate the errors of applied method.

Preferential subject 3:
The influence of power distribution facilities and lines on the environment
Expert rapporteur: Vladimir SILJKUT, Elektrodistribucija, Beograd, Srbija

R-1.13 NON-IONIZING RADIATION LEVELS OF 35 kV OVERHEAD AND CABLE LINES

Authors: M. GRBIC, A. PAVLOVIC, The Nikola Tesla Institute of Electrical Engineering, Belgrade, Serbia,
M. TAUSANOVIC, V. SILJKUT, Electric Power Distribution Belgrade, Serbia

Reviewer: Prof. dr Jovan CVETIC, School of Electrical Engineering, Belgrade, Serbia
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In this paper is given a review of evaluation results for the non-ionizing radiation at low frequencies (magnitudes of electric field and
magnetic induction) nearby power distribution overhead and underground (cable) 35 kV lines. Along the line route were selected
locations where there are no other objects that could affect on the level of non-ionizing radiations.

Questions for discussion:

5. What is the actual span between these specified poles (1874-1875) in meters? How much is the sag in the middle of the span?
In which place between poles are these measurements carried out? Describe the geometry and comment its influence on
measurements results.

6. How, in your opinion, soil conductivity affects on field magnitude (especially electric) near power line?

7. Was the power line, during measurement, symmetrically loaded? If it wasn’'t, how much was the present asymmetry in phase
conductors during measurements and give the comment about how it affects on field appearance nearby?

8. Could the highest possible field magnitude be calculated using the existing measurement results (at maximal load and maximal
permissible or possible load asymmetry, measurements in the middle between poles where power line is closest to ground)?

R-1.14 INTER-LABORATORY COMPARISON OF MEASURING RESULTS OF MAGNETIC INDUCTION FROM
DISTRIBUTION OVERHEAD POWER LINE

Authors: M. GRBIC, A. PAVLOVIC, The Nikola Tesla Institute of Electrical Engineering, Belgrade, Serbia,
B. VULEVIC, C. BELIC, PC "Nuclear facilities of Serbia” Belgrade, Serbia

Reviewer: Prof. dr Jovan CVETIC, School of Electrical Engineering, Belgrade, Serbia

In this paper is shown inter-laboratory comparison of measuring results of magnetic induction from distribution overhead 35 kV
power line. Used measuring results are obtained in two testing laboratories: Laboratories for testing and calibration of The Nikola
Tesla Institute of Electrical Engineering and public company "Nuclear facilities of Serbia”.

Questions for discussion:

5. What is the actual span between these specified poles (1874-1875) in meters? How much is the sag in the middle of the span?
Measurements were carried out near pole 1876. On which distance? Describe the geometry and comment its influence on
measurements results.

6. How, in your opinion, soil conductivity affects on field magnitude (especially electric) near power line?

7. Was the power line, during measurement, symmetrically loaded? If it wasn’t, how much was the present asymmetry in phase
conductors during measurements and give the comment about how it affects on field appearance nearby?

8. Could the highest possible field magnitude be calculated using the existing measurement results (at maximal load and maximal
permissible or possible load asymmetry, measurements in the middle between poles where power line is closest to ground)?

1-1.15 STATE OF OIL PITS IN POWER DISTRIBUTION SUBSTATIONS IN RELATION TO THE
ENVIRONMENTAL REQUIREMENTS

Authors: A. SUPIC, JP Elektroprivreda BiH d.d. Srajevo, Sektor za distribuciju, Bosnia and Herzegovina
R. DZAKA, JP Elektroprivreda BiH d.d. Srajevo, Podruznica ,Elektrodistribucija‘, Sarajevo, Bosnia and
Herzegovina

Reviewer: Branislava MILOSEVIC, Electric Power Distribution Belgrade, Serbia

Paper presents considerations about conditions of oil pits in power distribution substations in relation to the environmental
requirements which are the consequence of adopting the Law on Environmental Protection Federation B&H. Paper points the way
how to harmonize existing solutions for power distribution facilities with environmental requirements.

Reviewer believes that part of the text, which describes the state of oil pits in 35/10 kV substations that require bigger interventions,
should be written more extensively (which is mentioned, but it isn't presented in the paper). Also, it isn’t cited why two presented
states of oil pits are selected to be shown in the paper.

Questions for discussion:
1. Did authors considered how much financial funding is needed for refurbishment of oil pits that don’t satisfy environmental
requirements?
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R-1.01
SUVREMENA RJESENJA U DISTRIBUTIVNIM TRANSFORMATORIMA
B. CUCIC, M. MIKULIC, M. MIHALJEVIC, Konéar-Distributivni i specijalni transformatori d.d., Hrvatska
KRATAK SADRZAJ

U referatu su opisana aktualna projektna i tehnoloska rjeSenja na podrudju distributivnih transformatora. Navedeni su
suvremeni materijali koji se koriste u proizvodniji transformatora te opisane izvedbe jezgri i namota. Konstatirano je da pravokutni i
ovalni oblik namota u odnosu na tradicionalni kruzni oblik daje manju masu i dimenzije transformatora, ali da izaziva veca
naprezanja namota na sile kratkog spoja pa je neophodna kompenzacija u vidu koristenja posebnog materijala za slojnu izolaciju,
tzv. dijamantnog papira, te drugih tehnolo3kih zahvata. Dijamantni papir u kombinaciji s izolacijom u trakama omoguéava znatno
vecu otpornost transformatora na kratki spoj (veéu nego kod klasiénog transformatora s okruglim namotima), ali trazi i veliku
tehnoloSku disciplinu; posebno je bitna precizna kontrola temperature namota tokom procesa susenja. Nadalje, opisana je zadnja
rije¢ tehnike kada je u pitanje suSenje distributivnih transformatora, a to je metoda suSenja namota pomocu struja niske frekvencije
(eng. LFH - low frequency heating). Radi se o metodi koja se upotrebljava u zadnjih petnaestak godina, a bazira se na grijanju
transformatora u pokusu kratkog spoja pri snizenoj frekvenciji i tlaku. Niska frekvencija eliminira induktivnu komponentu impedancije
transformatora pa se time potrebna struja susenja postize uz minimalni moguéi napon ¢ime se eliminira opasnost od proboja u
vakuumu. Prednost navedene metode pred klasit(hom metodom suSenja je da se toplina razvija upravo tamo gdje treba, dakle u
namotima, pa se proces suSenja odvija brze, ekonomicnije i s puno boljom distribucijom topline i kontrolom temperature unutar
namota. LFH proces u Sirem smislu obuhvaca suSenje, vakumiranje, i na kraju punjenje transformatora Zeljenom vrstom ulja pod
vakuumom. Za svaku vrstu ulja postoji poseban cjevovod pa se svaki transformator u LFH procesu moZe istovremeno puniti
Zelienom vrstom ulja (mineralno, silikonsko ili estersko ulje). Nadalje su u referatu navedene prednosti hermeticki zatvorenih
transformatora u odnosu na transformatore s konzervatorom. Takoder je obradena tema kapitalizacije transformatora. Na kraju je
dan pregled zastitnih uredaja.

Kljuéne rije€i: distributivni transformator, ovalni namot, dijamantni papir, LFH postrojenje, valoviti kotao.
MODERN SOLUTIONS IN THE DISTRIBUTION TRANSFORMERS
SUMMARY

Recent project and technological solutions of the distribution transformers were described in the paper. Design of cores and
windings was also discussed as well as new materials used in transformers. It was stated that rectangular and oval-shaped windings
give lower weight and lower overall dimensions of the transformer compared to the traditional transformers with round-shaped
windings. A disadvantage of a transformer with non-circular windings is higher mechanical stress on short-circuit. To compensate the
stress, diamond dotted press paper (diamond paper) is usually used as well as the other technological solutions. If properly
technologically treated (most important is precise control of winding temperature during drying process), diamond paper together
with the strip insulation enables significantly higher short circuit withstand capability of the transformer, even higher than that with
round-shaped windings. Furthermore, state of the art technique for the drying of distribution transformers — LFH method (low
frequency heating), is described. This method has been used over the last fifteen years. The method is based on the idea that
winding insulation is heated by low frequency currents at reduced level of pressure on short circuit. Low frequency minimizes
reactive component of the transformer impedance so that the necessary heating current is achieved at lowest possible voltage which
eliminates possibility of electrical breakdown in the vacuum. The advantage of the LFH method comparing to classical drying method
is that the heat is generated exactly where needed - in the windings, and because of that, the drying process is faster, more
economic and with better heat distribution inside the winding. LFH process integrates drying, evaporating and oil filling under
vacuum. For each kind of oil (mineral or silicone oil, ester liquid) there is a particular pipeline so that every transformer in the process
can be filled with the desired kind of oil at the same time. Furthermore in the paper, the advantages of the hermetically sealed
transformers were given. The capitalization of losses was also discussed. At the end, an overview of the transformer protection
devices was given.

Key words: distribution transformer, oval winding, diamond paper, LFH plant, corrugated tank.
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R-1.02

M3BOP NPECJEKA OrPAHKA rMABHOI BOJA HAA3EMHE HUCKOHAMOHCKE MPEXE U3BEOEHE CAMOHOCHBUM
KABNOBCKWM CHOMOM CA EKOHOMCKOI ACIMEKTA

A. CTYNAP, C. JOJILIN R
3 “EnekTpokpajuHa‘, baranyka, Penybnuka Cpncka, bocHa 1 XepuerosuHa

Kpatak cappxaj

Mpn NpojeKTOBaky HaA3EMHMX HWUCKOHAMOHCKAX MpexXa CaMOHOCWBMM KabnoBCKMM CHOMOM W3BpLUEHA je U3BjecHa
TUNM3auWja Tako Ja BaXW reHepanHu MPWHUMN Ja ce rnaBHu BO4 (M3BOA M3 CTyOHe TpaHCdopmaTopcke CTaHWue) M3Boaw
camoHocuBuM kabnom npecjeka 70 mm2, JOK Ce OrpaHLy Ca rmaBHOr Boga M3BoAe CaMOHOCMBUM kabnom npecjeka 70 mm2 unn 35
mm2. Y nocroeate Bpujeme pasnuka y upjeHn oBa fBa kabra je cBe Marba. 3aBUCHO 0 AYXMHE U CTPYKTYpe OrpaHka, MpojeKTaHTy
Cy 4ecTo y AureMn Aa Nn je ekOHOMCKM ucnnatuemje yrpahusatu npecjek 70 mm2 unu npecjek 35 mm2. Y oBom pagy je gata
jeaHocTaBHa annukauuja y Excel-y, kojom ce pauyHajy rybuum eHepruje y orpaHKy kaj je usBegeH camoHcocuBuM kabnom 70 u 35
mm2. CBe ynasHe nogatke y annukauujv je moryhe mjetatun (umjeHa kabna, uwjeHa eHepruje, avjarpam ontepehera, Bpujeme
amopTu3aumje ucn.). 3a oba cnyyaja je U3BpLUEHa aKTyenu3aumja roguLbKX TPOLKOBA W3 U-TE FOAMHE Ha NMOYETHW TpeHyTak. Tako
[06MjemMmo KyMynaTuBHW TpoLLaK U3rpaatbe kabna y jesHoM 1 apyrom crnydajy. Mopeherse KoHauHUX TPOLLKOBA [aje pjeLletbe Koju
npecjek kabna je eKOHOMCKM UCNaTUBUjI.

KrbyuHe pujeum:HUCKOHaMOHCKa Mpexa, CaMOHOCHBM KabrioBCkW CHOM, ryGuLy eHeprije, KyMynaTUBHM TpoLLaK.

SELECTION OF BAY BRANCH CROSS SECTION OF OVERHEAD LOW VOLTAGE NETWORK MADE WITH AERIAL BUNDLE
CONDUCTOR BASED ON COMMERTIAL ASPECT

A. STUPAR, S. JOLDZIC
ZP ,Elektrokrajina“, Banjaluka, Republika Srpska, Bosna i Hercegovina

Summury

In the design overhead low voltage network with aerial bundle conductor it is been made a certain typing so that general
princip is main conductor (bay of pole-mounted substation) make aerial bundle conductor cross section 70 mm2, while the branchees
from main conductor make aerial bundle conductor cross section 70 mm2or 35 mm2. In last time, difference in price these two cables
is lesser. Depend of lenght and structure branches, designers are often in doubt is it more commercial to make cross section 35 mm2
or 70 mm2. In this articte, one simple application in Excel is presented, where it could be calculated losses of energy in the branch
when is made aerial bundle conductor cross section 70 mm?2 or 35 mm2. All of inputs information in application are possible to
change (price of cable,price of energy, diagram of load, time of amortization etc). For the both cases, it is been done actualisation of
the anual costs from any year to initial moment. That is how we can get cumulative cost construction cable in the both case.
Comparing of final costs gives solution wich cross section is more commercial.

Key words: low voltage network, aerial bundle conductor, losses of energy, cumulative cost.
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R-1.03
ODREBIVANJE ELEKTRICNIH | MAGNETSKIH KARAKTERISTIKA ALUCEL UZADI

K. KASAS-LAZETIC, M. PRSA, D. HERCEG, N. BURIC,
Fakultet tehnickih nauka, Univerzitet Novi Sad, Srbija

KRATAK SADRZAJ:

Elektriéne i magnetske karakteristike AluCel uzadi obiéno nisu na raspolaganju. Cak ni proizvodadi tih provodnika ne
obezbeduiju korisnicima uzadi te podatke, tako da ti podaci moraju da budu odredeni merenjima i proraunima. S druge strane, te
karakteristike su od sustinskog znacaja za ponasanje samih provodnika, kao i celih prenosnih sistema.

U ovom radu je opisano merenje i radunanje specifine otpornosti, kako Celicnog jezgra tako i aluminijumskog plasta,
pomocu vremenski konstantnog mernog mosta.

Mnogo komplikovanije odredivanje nelinearne permeabilnosti &elignog jezgra AluCel uzeta je takode obavljeno i opisano u
ovom radu. Da bi se izraCunale stati¢ka i dinamicka permeabilnost u funkciji intenziteta vektora magnetske indukcije, morali su prvo
da se naprave uzorci u obliku torusnog transformatora sa jezgrom napravljenim od jedne pocinkovane Celiéne zice. Primarni i
sekundarni namotaj su postavljeni oko torusnog jezgra, sa prethodno odredenim brojevima zavojaka. Prethodno je odredena i
optimalna jacina struje primara. Histerezisne krive su snimane na digitalnom osciloskopu za deset razliitih efektivnih jacina struja
primara i iz tih podataka je radunata normalna kriva magnecenja. Tako dobijena normalna kriva magnecenja definiSe i staticku i
dinamicku permeabilnost feromagnetskog &eliénog jezgra, kao i njihove srednje vrednosti.

Svi dobijeni rezultati su u radu prikazani graficki i tabelarno.

Kljuéne reci: Specifi¢na otpornost elicnog jezgra i aluminijumskog dela, stati¢ka i dinamic¢ka permeabilnost Celitnog jezgra.
DETERMINATION OF ELECTRIC AND MAGNETIC CHARACTERISTICS OF ACSR CONDUCTORS
SUMMARY

Electric and magnetic characteristics of ACSR (Aluminum Conductor Steel Reinforced) usually are not available. Even the
ACSR manufacturers do not supply consumers with those data; hence those parameters should be determined by measurements
and calculations. On the other hand, those characteristics are crucial for the conductors and entire power lines behavior.

The measurements and the calculation of an ACSR resistivity, both steel core and aluminum wires, applying a DC
measurement bridge, is described in this paper.

Much more complicated determination of a nonlinear ACSR steel core permeability is also performed and described in the
paper. In order to calculate static and dynamic permeability as a function of magnetic density vector magnitude, some samples had
to be constructed as a torus transformer with the core made of single zinc coated steel wire. Primary and secondary transformer
windings are positioned around the torus core, having previously calculated the number of turns. Optimal primary current was
determined as well. The hysteresis loop measurement was performed on a digital phosphor oscilloscope for ten different RMS
current values and from measured data a normal magnetization curve was calculated. The obtained magnetization curve now
determines both, static and dynamic ferromagnetic steel core permeability, as well as their average values.

All obtained results are given in the paper graphically and in appropriate tables.

Key words: Steel core and aluminum part resistivity, static and dynamic steel core permeability.
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R-1.04
ODREBIVANJE FREKVENCIJSKI ZAVISNE PODUZNE IMPEDANSE ALUCEL PROVODNIKA

N MU(VZAl_ICAi “Energotehnika — Juzna Backa”, Novi Sad, Srbija
M. PRSA, K. KASAS-LAZETIC, N. PURIC, Fakultet tehni¢kih nauka, Novi Sad, Srbija

KRATAK SADRZAJ

AluCel provodnici se desto koriste u elektrinim prenosnim i distrubitivnim sistemima. Zbog toga je poznavanje njihove
poduzne impedanse znacajno, kako za ponasanje provodnika, tako i za ponaSanje celog sistema.

Da bi se odredila poduzna impedansa na razli¢itim frekvencijama, prvo mora da se odredi strujna raspodela, pri viSe ili manje
izrazenom povrSinskom efektu. Ta strujna raspodela je bila radunata numeriki, za deset razli¢itih frekvencija, do pedestog
harmonika osnovne frekvencije. Dobijeni rezultati su koriS¢eni za raCunanje kompleksnog vektora jadine elektrinog polja i
kompleksnog vektora jacine magnetskog polja na povrsi provodnika. Ta dva vektora definiSu kompleksni Pointingov vektor u svim
tackama povrSi koja obuhvata provodnik, po jedinici duzine. Fluks kompleksnog Pointingovog vektora kroz tu povr$ predstavija
kompleksnu snagu predatu provodniku, a kompleksna snaga podeliena sa kvadratom pretpostavljene efektivne vrednosti jacine
struje daje poduznu impedansu.

Proraduni su izvréeni za pet standardizovanih AluCel provodnika, koji se obiéno koriste u elektriénim distribitivnim mrezama.

Svi proraduni su uradeni koris¢enjem radunarskog programskog paketa COMSOL Multiphysics 3.5a.

Dobijeni rezultati su u ovom radu prikazani graficki i tabelarno.

Kljuéne re¢i: Radunanje elektromagnetskog polja, Fluks kompleksnog Pointingovog vektora, Poduzna impedansa.

DETERMINATION OF FREQUENCY DEPENDENT IMPEDANCE PER UNIT LENGTH OF
ACSR CONDUCTORS

SUMMARY

ACSR (Aluminum Conductor Steel Reinforced) are widely applied as conductors in transmission and distribution power
systems. For that reason its impedance per unit length is crucial for the conductors and entire power systems behavior.

In order to calculate impedance per unit length at different frequencies, the current distribution with more or less emphasized
skin effect must be determined previously. Those distributions were calculated numerically for ten different frequencies, up to fiftieth
harmonic of basic frequency. Obtained results were applied to calculate complex electric field strength vector and complex magnetic
field strength vector on the conductor’'s surface. Those two vectors define complex Poynting vector at all points of the surface
surrounding the conductor, per unit length. Complex Poynting vector’s flux through this surface represents complex power delivered
to the conductor and the complex power divided by imposed current square gives the complex impedance per unit length.

The calculations were performed for five standardized ACSR conductors usually applied in an electric power distribution
network.

All calculations were carried out applying COMSOL Multiphysics 3.5a computer program package.

The obtained results are given in the paper graphically and in appropriate tables.

Key words: Electromagnetic field calculation, Complex Pointing vector’s flux, Impedance per unit length.
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R-1.05

UTICAJ DNEVNOG DIJAGRAMA OPTERECENJA NA ZAGREVANJE
JEDNOZILNIH KABLOVA POLOZENIH U ZEMLJU

M. STOJANOVIC, D. TASIC, N. CVETKOVIC, A. RISTIC
Elektronski fakultet, Ni§, Srbija

KRATAK SADRZAJ

U radu su prikazani i diskutovani rezultati analize nestacionarnog zagrevanja jednoZilnih kablova poloZenih direktno u zemlju.
U cilju analize nestacionarnog zagrevanja kablova kori§¢en je dnevni dijagram sa tri nivoa opterecenja, koji se moze opisati sa dva
parametra, pri ¢emu je maksimalno strujno opterecenje kablova odabrano tako da odgovara nominalnom optereéenje za zadate
uslove polaganja. Pri analizi su varirani i drugi parametri koji utiu na rezultat (termicka provodnost i difuznost zemlje, rastojanje
izmedu kablova itd.), i odreden je opseg promene temperature provodnika tj. minimalna i maksimalna temperatura provodnika.
Rezultati dobijeni u radu mogu se koristiti kod procene moguénosti preopterecenja kablova u havarijskim uslovima, ali i za procenu
starenja izolacije kablova izloZenih cikli€nom opterecenju.

Kljuéne re€i: Jednozilni kablovi, nestacionarno zagrevanje, dijagram opterecenja.

IMPACT OF DAILY LOAD DIAGRAM ON HEATING OF SINGLE-CORE
CABLES BURIED IN SOIL

ABSTRACT

This paper presents and discusses the results of the transient heating analysis of single core cables laid directly in the
ground. In order to analyze transient heating of cables a daily load diagram with three levels (which can be described by two
parameters) is used, while the maximum cable load corresponds to the rated ampacity for given conditions. In the analysis, other
parameters that affect results are also varied (the thermal conductivity and diffusivity of soil, distance between the cables etc.), and
the range of changes in conductor temperature is determined, e.i. minimum and maximum temperature of the conductor. The results
presented in the paper can be used in estimating of cable overloading as well as for aging estimation of cables exposed to cyclic
loading.

Key words: Single-core cable, transient heating, load diagram.
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R-1.06

PRIMENA ELEKTROPORCELANSKE MASE POVECANIH MEHANICKIH KARATERISTIKA ZA IZRADU
POTPORNIH IZOLATORA

B. SIMENDIC, S. GRUJIC. D. JOVANOVIC, V. SIMENDIC,
KRATAK SADRZAJ

Elektrotehnicki porcelan je jedan od najprimenjenijih keramickih materijala za proizvodnju izolatora visokog i niskog napona.
KarakteristiCne osobine porcelanske mase pri termickom tretmanu, ogledaju se u postojanju Sirokog intervala sinterovanja i maloj
osetljivosti na promenu sastava. Ova svojstva dozvoljavaju dobijanje visoko kvalitetnog proizvoda u industrijskim pe¢ima, gde su
uvek prisutne odredene oscilacije temperature. U cilju procesiranja elektroporcelana povecanih mehanickih osobina, prema
zahtevima standarda C-130 IEC 672-3 za proizvodnju potpornih izolatora za rastavljae, u ovom radu je ispitana aluminatna
elektroporcelanska masa, pripremliena od sirovina koje se koriste u redovnoj proizvodnji elektroporcelanskih izolatora AD
LElektroporcelan” iz Novog Sada. Elektroporcelanska masa je pripremliena standardnim mokrim postupkom, pri éemu je u odnosu
na standardnu masu, sadrzaj glinice pove¢an na 30%. Potporni izolatori za rastavljace su oblikovani takode mokrim postupkom,
nakon ¢ega su osuseni, glazirani braon glazurom i sinterovani u industrijskoj komornoj peéi pri oksidaciono-redukcijskm uslovima na
1250°C. Nakon zavrSne obrade izolatori su ispitani mehanicki, testom na savijanje, pri ¢emu su dobijene vrednosti bile za 40% vece
u odnosu na izolatore koji se redovno proizvode iz mase C-120.

Kljuéne re€i: elektroporcelan, standard IEC C-130, sinterovanije, glinica, mehanicke osobine.

APPLICATION OF ELECTROPORCELAIN BODY WITH IMPROVED MECHANICAL PROPERTIES FOR PRODUCTION
OF POST INSULATORS

ABSTRACT

Electroporcelain is one of the most used ceramic materials for production of high and low voltage insulatores. Special
characteristics of porcelain body upon heat treatment are reflected in existence of wide sintering interval and low sensibility at
change of row materials content. These properties allow forming of high quality production in industrial kilns, where oscilation of
temperatures are often presented. In aim of processing electroporcelain with high mechanical properties according to C-130 [EC
672-3 for production of post insulators, in this paper is investigated alumina porcelain body, prepared from row materials which are
used for production in AD Elektroporcelan Novi Sad. Electroporcelain body was prepareid by wet technology with alumina content of
30 mas.%. Row post insulators are formed also by wet technology. After that, they are dried, glazed with brown glaze and finaly
sintered in industrial kiln by redox conditions at 1250°C. After final working, insulators were tested by mechanical bending test, where
obtained values were for 40% higher than values for insulators made of standard electroporcelain body C-120.

Key words: electroporcelain, standard IEC C-130, sintering, alumina, mechanical properties.
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1-1.07
SAVREMENI RAZVOD POMOCNIH NAPONA U TRAFOSTANICAMA 110/X kV

N. VUKOBRAT, J. PURAC
,Elektrovojvodina“ d.0.0. Novi Sad, Srbija

KRATAK SADRZAJ

Jedan od vaznih delova jedinstvenog sistema zastite i upravljanja u trafostanicama 110/x kV predstavlja razvod pomoénih
napona (RPN). Kvar u sistemu razvoda pomo¢nih napona dovodi do prekida rada mikroprocesorskih relejnih uredaja, prekida rada
prekidaca i rastavljaca, osvetljenja trafostanice, grejanja zgrade trafostanice, kao i grejanja samih uredaja u polju.

Razvod pomoénih napona, koji je ugradivan u trafostanicama 110/x kV u poslednjih desetak godina, je koncipiran koristeci
odreden broj grebenastih sklopki, skolpka-rastavljata, osiguraa i lokalne automatike. Ovakav tip razvoda, iako pouzdan,
omoguc¢ava prikaz malog broja podataka iz razvoda pomo¢nih napona preko sistema daljinskog upravljanja, i onemogucava bilo
kakvo daljinsko upravljanje pomenutom komutacionom opremom.

Razvoj savremenih uredaja omogucuje osavremenjavanje razvoda pomocnih napona u trafostanicama 110/x kV.
Implementacija mikroprocesorskih uredaja, upravljivih niskonaponskih prekidaca i drugih modernih uredaja u razvod pomocnih
napona u trafostanicama 110/x kV, omogucice potpunu daljinsku kontrolu i oitavanje svih potrebnih komandi i veliCina. U ovom radu
je predloZeno jedno takvo tehnicko resenje.

Kljuéne reéi: razvod pomoénih napona, mikroprocesorski relejni uredaj, daljinsko upravljanje.
MODERN AUXILIARY CONTROL POWER SYSTEM FOR 110/X kV SUBSTATIONS
SUMMURY

One of the most critical components of a protection, control, and monitoring system in a 110/x kV substation is the auxiliary
control power system. Failure of the auxiliary control power system can render fault detection devices unable to detect faults,
breakers and disconnectors unable to trip for faults, and leave the substation without lighting and heating.

Auxiliary control power system, which has been used in the last ten years, is constructed with a number of different types of
switches, fuses and local monitoring systems. This design, although reliable, is not able to display most of the auxiliary control power
system’s measurements over the remote monitoring system, nor is able to fully utilize remote operation of low voltage switches.

The development of modern technology and devices will have an impact on the design and construction of the auxiliary
control power system. Implementation of intelligent electronic devices, low voltage switches and fuses with the possibility of remote
operation and other modern devices will render fully remote control and monitoring of all trips, commands and measurements
possible. This paper suggests one such approach.

Key words: Auxiliary control power system, intelligent electronic device, remote monitoring.
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RESENJE POMOCNOG NAPAJANJA ZA TRAFOSTANICU TS 35/10 KV/KV "NOVI BEOGRAD 1"

M. LAZIC, D. PETROVIC, Iritel a.d. Beograd
M. LUKOVIC, D. JEKIC, Elektrodistribucija Beograd

SADRZAJ

Nakon uspesno zavrSenog pilot projekta u trafostanicama elektrodistribucije Beograd nastavljena je saradnja realizacijom
pomoénog napajanja za rekonstruisanu trafostanicu TS 35/10 kV/kV "Novi Beograd 1". Sobzirom da su izabrane baterije od 200Ah
moduli od 7,5A nisu dovoljni tako da je razvijeno pomoc¢no napajanje sa osnovnim modulom od 10A. Omoguéen je paralelan rad
proizvoljnog broja modula i na taj nacin dobijanja ve¢ih snaga. Moduli imaju moguénost aktivnog deljenja struje pa je jednostavno
obezbedivanje redudantnosti. Mikroradunar pomo¢nog napajanja omoguc¢ava daljinski nadzor i upravljanje preko Ethernet ili GPRS
interfejsa. Na taj nacin, svi podaci koji opisuju rad pomoénog napajanja, se mogu preneti do centra u kojem se prati rad pomoénog
napajanja. U kombinaciji sa uredajem za daljinski nadzor i praznjacem baterija omogucena je i daljinska kapacitivna proba.

Kao zaSita od preopterecenja, kratkog spoja, izabrano je reSenje kod kojeg se moduli iskljuCuju kada se detektuje
preopterecenje. Nakon tri munuta ponovo se proverava da i je sistem preopterecen i ukoliko jeste postupak se ponavlja. U dogovoru
sa kolegama iz elektrodistribucije Beograd napravljen je dodatni set alarma koji se direktno prosleduje u dispercerski centar. U radu
je dat detaljan opis realizovanog reSenja sa posebnim osvrtom na zastitu od preoptereéenja, nadzor iz dispecerskog centra kao i
skladistenje i odrzavanje izabranih baterija.

Kljuéne re€i: trafostanice, pomoéno napajanje, ispravljacki modul.
THE SOLUTION FOR THE AUXILIARY SUBSTATIONS OF TS 35/10 KV/KV "NEW BELGRADE 1"
SUMMARY

After successfully completing a pilot project in the electricity distribution Belgrade continued cooperation for the realization of
the auxiliary power reconstructed substation TS 35/10 kV/kV "New Belgrade 1". The selected batteries are 200Ah. Modules of 7.5 A
is not enough developed so that the auxiliary power supply with the basic module of 10A. Enabled parallel operation of any number
of modules and thus obtain higher power. Modules have the possibility of active current sharing and is easy to provide redundancy.
Auxiliary power microcomputer enables remote monitoring and control via Ethernet or GPRS interface. In this way, all data that
describe the work of the auxiliary power can be transferred to a center, which controls the auxiliary power supply. In combination with
a device for remote monitoring and device for battery discharge enabled and remote capacitive probes batteries.

As a flame retardant from overload, short circuit, selected a solution in which the modules off when overload is detected.
After three minutes, again to check and if the system is overloaded, the procedure is repeated. In consultation with colleagues from
the electricity distribution Belgrade made additional set of alarms that are directly forwarded to remote center. The paper gives a
detailed description of the realized solutions with special reference to the overload protection, control, storage and maintenance of
the selected battery.

Keywords: Auxiliary Power, Buckap Power Supply, Rectifier Module.
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KABLOVSKI RAZVOD NA NOVOM MOSTU BESKA

D. RADOVANOVIC, I. BACVANSKI
5 Elem & Elgo d.o.o.
KRATAK SADRZAJ

Novi most preko Dunava kod Be3ke jedan je od prvih objekata u nasoj zemlji koji je izgraden po tzv. FIDIC uslovima
ugovaranja, Zuta knjiga (FIDIC Jellow Book), koji podrazumevaju paralelno projektovanie i izvodenje radova od strane Izvodaca. U
radu je pikazana podela i metodologija izrade elektroinstalacija na Novom mostu BeSka. Radovi na projektovanju i izvodenju
elektroinstalacija na mostu vremenski su uskladivani sa dinamikom izvodenja gradevinskih radova, tako da su projektantska reSenja
"u hodu", uskladivana sa dinamikom izgradnje i konstruktivnim delovima mosta.

Posebna paznja posvetena je elektricnim instalacijama u sanduku mosta, odnosno sistemu kablovskih regala koji se
postavljaju u unutradnjosti (sanduku) mosta. U radu je prikazan i sistem kablovskih regala u obalnim stubovima mosta kao i u
konstrukciji (sanduku) mosta. Prikazani su elementi sistema kablovskih regala koji su ugradeni, kao i. vrste elektroenergetskih i
telekomunikacionih instalacija koji sistem kablovskih regala nosi.

Dat je osvrt i na odredene specifiCnosti sistema kablovskih regala kao Sto su faze i na¢in montaze koji je uskladivan sa
gradevinskim radovima na samom mostu, kao i na neke od problema koji su se pojavljivali tokom izvodenja radova.

Kljuéne re¢i: Novi most Beska, FIDIC, elektroinstalacije, izgradnja, kablovski razvod, specifi¢nosti instalacija.
CABLE DISTRIBUTION OF THE NEW BRIDGE BESKA
ABSTRACT

The new bridge over the Danube at Beska is one of the first facilities in the country that was built by socalled. FIDIC
conditions of contract, Yellow Book (FIDIC Jellow Book), which require parallel design and execution of the works by the Contractor.
This paper presents the methodology of division and electrical installations in New bridge Beska. Work on the design and execution
of electrical installations on the bridge are aligned with the time schedule of construction work, so his designs on the fly "solution",
aligned with the dynamics of building and constructive parts of the bridge.

Special attention was drawn to electrical installations inside bridge and cable tray system is put inside bridge.

Provides an overview and the specific characteristics of cable tray systems such as phase and how fitting that is harmonized
with the construction work on the bridge, as well as some of the problems that occurred during the execution of works.

Key words: New bridge most Beska, FIDIC, electrical installation, construction works, cable, distribution, specifics of installations.
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1-1.10
PRIMENA SAVREMENIH SOFTVERSKIH ALATA U IZRADI ELEKTRICNIH SEMA

S. BOGOSAVLJEVIC, V. DOBRANIC
,Elektrovojvodina“ d.0.0. Srhija

KRATAK SADRZAJ

Razvojom softvera projektantu je u velikoj meri olakSan posao. U ovom radu je pokazano koje novine unosi vecina
savremenih usko specijalizovanih softvera za projektovanje.

Da bi istakao jo$ jedan pozitivan aspekt primene novih softvera rad se na kratko osvrée na dosadasnje nedostatke koji su bili
pojava u Semama delovanja. Ti nedostaci su posledica nepostojanja adekvatnog softvera i faktora ljudske greSke, koje su se
prenosile na ostale delove projekta (Seme vezivanja, izgled rednih stezaljki, itd.). Rad daje akcenat na crtanje $ema delovanja u
specijalizovanim softverima i na pogodnosti koje taj softver nudi (velika baza simbola, automatsko povezivanje elemenata, kros-
referenciranje, itd.). Nakon pravilnog unosa Sema delovanja vecina softvera nudi veliki broj izve$taja koji se automatski generiSu i
koje je lako prilagoditi za sopstvene potrebe, uz malo programiranja (Seme vezivanja, redne stezaljke, lista kablova, itd.).

Takode, rad ukazuje na jo$ jednu pogodnost koju imamo prilikom izrade projekta izvedenog objekta, odnosno, pri bilo kakvoj
izmeni koja je u toku projektovanja nastala. ViSe nije potrebno jednu istu izmenu unositi u sve delove projekta gde se javlja, nego
samo na jednom mestu, i to u Semama delovanja. To je dovoljno da se kasnije jednom komandom izmena ostvari na svim listovima
na kojima se ona nalazi.

Rad namece zakljucak da su dosada$nji projekti imali mane koje su osetili neki krajnji korisnici projekta (od izvodaca, do
korisnika u odrzavanju). Danas su se stekli uslovi da te mane budu otklonjene primenom usko specijalizovanih softvera, koji su
podigli kvalitet projektne dokumentacije i smanjili vreme potrebno za njihovu izradu.

Kljuéne re€i: projektovanje, $eme vezivanja, $eme delovanja, redne stezaljke, specijalizovani softver.
APPLICATION OF MODERN SOFTWARE TOOLS IN ELECTRIC SCHEMATICS
ABSTRACT

The development of software has had a significant impact on design of electric power facilities. This paper shows certain new
posibilities modern computer aided design (CAD) software has to ofer.

One major positive aspect of aplication of modern computer aided design software was the elimination of errors in electric
schematics which had regularly occured during design and for which inadequate software and human errors are to blame. This
paper gives emphasis on making of electric schematics using modern highly specialised CAD software and the benefits which the
software offers (symbol database, automated connection of elements, crossreferencing). After properly inputing electric schematics
software can automaticly generate numerous reports (connection schematics, terminals, etc.)

Paper gives emphasis on one other possibility during the creation of built design project, during which is possible to make
one alteration which will be inserted in all types of schematics of the project and therefore reduce the time needed for the creation of
built design project.

This paper gives a conclusion that the errors in up-to-now design projects mentioned before were transmitted to contractors
and maintaince personel, and that the conditions have been met that the errors can be avoided by using modern highly specialised
CAD software therefore reduce the time needed for the design of electric power facilities.

Key words: design, connection schematics, electric schematics, terminals, highly specialised CAD software.
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PLS CADD KAO SAVREMENI SOFTVERSKI ALAT ZA RJESAVANJE PROBLEMA PROJEKTOVANJA DALEKOVODA
Z. HASOVIC, Energoinvest d.d. Sarajevo, Bosna i Hercegovina
KRATAK SADRZAJ

PLS CADD je racunarski program koji projektantu dalekovodnih linija daje mocan alat za rjeS8avanje mnogobrojnih problema
koje pred njega postavlja izrada ovog nadasve kompleksnog zadatka. U ovom referatu kratko ¢emo se osvrnuti na sve
mogucénosti koje ovaj softverski alat posjeduje. Pokazacemo kako se trasa dalekovoda simulira u ovom raéunarskom programu,
te na koji nacin se definisu tacke i dijelovi trase od posebnog znacaja (prelazi preko objekata, puteva, drugih dalekovodnih linija
itd). Pokazaéemo na koji na¢in se simuliraju stubovi, vodici, zastitna uzad i izolatorski lanci, te kako se vrSi odabir stubnih
mjesta dalekovodne linije na nacin da zadovoljava sve postavljene geo-meteoroloske uslove. Prikazaéemo lepezu izvjestaja
koje ovaj program posjeduje sa ciliem da se potpuno ukloni moguénost gredke koja moze dovesti do fatalnih posljedica.
Osvrnuéemo se na jednu, u danasnje vrijeme jako bitnu moguénost ovog programa, a to je optimizacija dalekovodne linije,
Cijom primjenom mozemo ukupne trodkove svesti na minimum i to za veoma kratko vrijeme. Takodje, prikazatemo moguénost
jednostavnog prikazivanja 3D crteza dalekovodne linije u popularnom programu Google Earth, $to nam uz moguénost prikaza
viSe linija odjednom (pa u konacnici i ukupnog sistema vodova jedne zemlje, regije itd) daje smjernice za buduce lokacije
infrastukturnih objekata (zgrada ili naselja, puteva, pruga, cjevovoda te drugih dalekovodnih linija).

Kljuéne re¢i: PLS CADD, projektovanje dalekovodnih linija, softverski alat.
PLS CADD SOFTWARE AS A MODERN TOOL FOR PROBLEM SOLVING TRANSMISSION LINES DESIGN
SUMMARY

PLS CADD is a computer program which designer of power transmission line provides a powerfull tool for solving many
problems placed before him by making this highly complex task. In this paper we will briefly look at all options that this so ftware
tool has. We will show how to simulate the transmission line route in this computer program, and how to define items and parts
of the route which are of special importance (crosses buildings, roads, other transmission lines etc). We will show how to
simulate poles, wires, ropes and insulator chains, and how to select tower positions in a manner that satisfies all the geo-
meteorological conditions. We will present a range of reports that this program has to completely eliminate the possibilityof
errors that can lead to fatal consequences. We look back at one, at the present time a very impotant feature of this program,
which is the optimization of transmission lines, whose total cost of implementation can reduce to a minimum for a very short
period of time. Also, we will present the possibility of a simple 3D drawings showing transmission lines in the popular program
Google Earth, which gives us the ability to display multiple lines at once (and eventually the entire sistem of lines in a country,
region, etc) provides guidance for future locations of infrastructure objects (buildings or settlements, roads, railways, pipelines
or other transmission lines).

Key words: PLS CADD, design of the power transmission lines, software tool.
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MATEMATICKE METODE ZA ODREDIVANJE JEDNACINE KRIVE VODA U KOSOM RASPONU
NA OSNOVU POZNATOG NAJVECEG UGIBA PARABOLE ZA ODABRANU TEMPERATURU

A. HATIBOVICS, EDF DEMASZ Halézati Eloszto Kft. Szeged, Hungary
KRATAK SADRZAJ

Uvodni dio rada prikazuje nacin aproximiranja lanCanice parabolom, te je za dva konkretna primjera numericki odredena
razlika izmedu lananice i parabole. U nastavku su prezentirane dvije sasvim razli¢ite matemati¢ke metode za odredivanje jednacine
krive voda na osnovu poznatog najveceg ugiba parabole. Prva metoda se zasniva na upotrebi jednacine ugiba, dok druga metoda
koristi tri poznate tacke voda.

Kriva voda je lananica, {j. kriva cosinus hiperbolne funkcije, koja inaCe pripada grupi transcendentnih funkcija. S obzirom da
je kriva parabole vrlo bliska krivoj lan¢anice pri projektovanju nadzemnih vodova se lan¢anica ¢esto aproximira parabolom, koja kao
kvadratna funkcija pripada grupi algebarskih funkcija. Razlog za aproximaciju je vrlo jasan, znatno pojednostavljenje proraéuna. To
je sasvim opravdano jer je u velikom broju sluajeva odstupanje izmedu lan€anice i parabole neznatno, te se moze zanemariti. U
stranoj stru¢noj literaturi za projektovanje nadzemnih vodova opste je prihvacena Cinjenica da se za raspone do oko 400 metara
kriva voda moze smatrati parabolom. Preko 400 metara se ve¢ preporucuje proradun na principu lananice jer odstupanje izmedu
lanCanice i parabole tada moze biti znatno.

Za jednacinu parabole moZemo napisati mno$tvo njenih varijacija, od kojih svaka ima specificnu namjenu. Nasuprot tome
jednacina lan¢anice ima samo dvije varijante, i to jednu u exponencijalnom obliku, a drugu u obliku hiperbolne funkcije cosh.

Definisani su sljedeci pojmovi: jednacina ugiba, jednadina spojnice, jednacina krive voda i najniZza tacka voda. Detaljno su
prikazani matematicki algoritmi za njihovo odredivanje na osnovu poznatog najveceg ugiba. To omogucava brzo i lako izraGunavanje
visine voda u bilo kojoj tacki raspona, zatim ugiba u bilo kojoj tacki voda ili pak koordinata najnize tacke voda, ¢ak i za one koji se ne
bave projektovanjem nadzemnih vodova. Crtanje krive voda je takode vrlo jednostavno na osnovu prikazane jednacine krive voda.

Kljuéne re€i: parabola, lan¢anica, kosi raspon, jednacina, transcendentna funkcija, algebarska funkcija.

MATHEMATIC METHODS FOR DETERMINATION OF THE EQUATION FOR THE CONDUCTOR
HEIGHT IN INCLINED SPANS ON THE BASIS OF KNOWN MAXIMAL SAG OF PARABOLA FOR CHOSEN TEMPERATURE

SUMMARY

The introductory part of this paper shows the way of catenary approximation with parabola, and also the difference between
the catenary and the parabola is numerically determined for two concrete examples. In the continuation there are two entirely
different mathematical methods presented for deriving equation for the conductor height on the basis of known value of the maximal
sag of the parabola. The first method is based on the use of the equation for the sag, since the second method uses three known
points of the conductor.

The conductor curve is catenary, i.e. the curve of the hyperbolic cosine function, which belongs to the group of
transcendental functions. Since the curve of the parabola is very close to the curve of the catenary, during planning overhead
electrical lines the catenary is often approximated by the parabola, which being a quadratic function, belongs to the group of
algebraic functions. The reason of the approximation is very clear, a significant simplification of the calculation. It is acceptable,
because in most cases the difference between the catenary and the parabola is insignificant, so it is negligible. According to similar
foreign scientific literature when planning overhead electrical lines, it is a generally accepted fact that in the case of spans
approximately up to 400 metres, the conductor curve can be considered as a parabola. Over 400 metres the calculation based on
catenary is recommended, because in that case the difference between the catenary and the parabola can be significant.

For the parabola equation we can write its many variations, among those each has a spacific use. As opposed to that, the
catenary equation has only two variations, one as an exponencial function, and the other one as a hyperbolic function cosh.

The following apprehensions are defined: the equation for the sag, the equation for inclined span line, the equation for the
conductor height, and the lowest point of the conductor. The algorithms for their definitions are in details presented on the basis of
the known maximal sag. It gives the opportunity for a fast and easy calculation of the sag at any point of the conductor, the conductor
height at any point of the span, or the coordinates of the lowest point of the conductor, even for those who do not plan overhead
electrical lines. Plotting the conductor curve is an easy step too, on the basis of the shown equation of the conductor height.

Key words: parabola, catenary, inclined span, equation, transcendental function, algebraic function.
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R-1.13
HUBOW HEJOHU3YJYRUX 3PAYELA HAASEMHUX U KABNTOBCKUX BOLOBA 35 kV

Maja T'PEU, Anekcanpap MABITOBWR, EnexktpotexHnyki MHCTUTYT “Hukona Tecna”’, beorpaa, Cpbuja
Munuua TAYLWWAHOBWR, Briagnmnp LWWATBKYT, M1 ,EnexktpoancTtpubyumja beorpap” o.0.0., beorpag, Cpbuja

KPATAK CALIPXAJ

Y papy je paT npukas pesyntata MCMUTMBAHA HWBOA HEjOHM3YjyMnNX 3payerba HUCKMX YYECTAHOCTW (jaunHe eneKTpUyHOr
norba W MarHeTcke WHAYKLWE) Y OKOMMHM AUCTPUOYTUBHIUX eneKkTPOeHepreTCkUX Haa3eMHUX W noa3eMHux (kabnosckix) BogoBa
HanoHckor Hueoa 35 kV. [yx Tpaca BofoBa bupaHe cy nokaumje Ha kojuma Hema apyrix objekaTa koju 61 Mornu ga yTudy Ha HUBOe
HejoHn3yjyhux 3pavewa. Kop HagsemHux BOAOBa u3abpaHe Cy OHe OEOHULE Koje Cy HajKpuTWuHWje ¢ 063upom Ha BrmanHy
noctojehux ctambeHux objekara. Y cnyyajeBuma nogsemunx sogoea 35 kV, MepHa mecta cy pacnopefieHa Ay MepHor npasua Koju
je opToroHanaH Ha ocy kabnoBckor BoAa, a jesaH 4eo MepHUX MecTa pacnopefieH je no BucuHu, n3Hag kabnosckor Boga. Kog caux
nenutmeaHux Bogoea 35 KV, M NoA3eMHWX W Hag3eMHMX, Ha CBUM oaabpaHuM rokaupjama, CHUMaHa je MpoCcTOpHa pacrnogena
HejoHM3yjyhnx 3payerba koja noTu4y 04 OBMX BOAOBA.

PesynTtat ucnutueama Cy aHanuaupaHu ca LubeM f[a Ce pacnosHajy KpUTUYHM criyyajeBn M npoueHe Hajsehu moryhn
HWBOW HEjOHM3YjyNNX 3paverba Koju ce MOory nojaBuTU MpU MakcumanHum onTtepehewnma nomeHyTux K3eopd. Ha ocHoBy
npoLeHEeHNX MaKCUManHUX HWBOA 3payera M3BpLIEHA je kaTeropusauuja HagsemHux M kabnosckux Boposa 35 kV, npema
ogpenbama fomahe npaBHe perynatiee 13 oBe 0bnactu.

KrbyuHe peum: HejoHusyjyhe 3pavetbe, jaumHa enekTpuYHOr Mosba, MarHeTcka MHAyKUMja, AUCTPUOYTUBHU ENeKTpOeHepreTcku
BOZOBM, kaTeropnsavuja.

NON-IONIZING RADIATION LEVELS OF 35 kV OVERHEAD AND CABLE LINES
SUMMARY

This paper presents the results of testing of low frequency non-ionizing radiation (E and B field strength, NIR) in the vicinity of
35 kV OHL and cable (underground) lines. Along these lines, particular locations were chosen for measuring, without other objects’
influence to NIR. As critical ones, sections of OHLs in vicinity of urban areas were chosen. In the case of cable lines, measuring
points were positioned along direction normal to cable axes. Some number of measuring points were distributed directly above cable
lines. For both, OHLs and cable lines, spatial distribution of NIR, caused by these lines, has been recorded.

The testing results were analyzed to determine critical situations and to estimate the maximum NIR levels during periods of
maximum loads of NIR sources mentioned above. According to Serbian national legislation the categorization of 35 kV OHL and
cable lines, based on estimated maximum NIR levels, was carried out.

Key words: non-ionizing radiation (abbr. NIR), E field, B field, overhead lines (OHL), cable lines.
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R-1.14
MEBYNABOPATOPUJCKO NOPEREKE PE3YNTATA MEPEHRA MAMHETCKE UHAYKLUWJE OUCTPUBYTUBHOI BOAA

Maja TPEWU, Anekcanaap MABJTIOBW R, EnektpoTexHnyku MHCTUTYT ,Hukona Tecna”, beorpaa, Penybnuka Cpbuja
Bpanucnas BYJIEBUT, Yepomup BENIA, JIM ,HykneapHu objektn Cpbuje”, beorpaa, Penybnuka Cpbuja

KPATAK CALIPXAJ

Y pagy je npukasaHo Mefynabopatopujcko nopefierwe pesynTaTta Mepewa MarHeTcke WHAYKuMje AMCTpUBYTHUBHOT
HaA3eMHoOr BOAA, Y KOjeM Cy y4ecTBoBane Age ucnuTHe nabopatopuje. MepeHa BennuuHa je TpeHyTHa edekTMBHa BpeaHOCT
MarHeTcke WHAYKUMje, Koja je MepeHa M30TpOMCKM, UCTOBPEMEHUM MEPEHEM CBE TpU MPOCTOPHE KOMMOHEHTE BEKTopa norba y
BUCKPETHUM TpeHyuuma BpemeHa. Meperwa cy cnpoBegeHa Ha BUCMHM OF 1 m o4 Tna AyX npaBua Koju je HopmanmaH Ha ocy
HaA3eMHOr BOAa U KOjW ce Hanasu npubrimkHO Ha CPEAMHW pacrioHa, rae je 300r HajMaryx BUCUHA (hasHUX NPOBOAHMKA pearnHo
O4YeKMBaTW [a BPEAHOCTM MarHeTcke WHAykuwje byay Hajeehe. Ha u3bop nokaumje je npumapHo ytuuana KoHgurypauuja Tepena,
npu Yemy je 6uno og nHTepeca Aa y 6nuanHu nsabpaHor MepHor npasLa He Byae objexarta koju Oy Mornm fa yTudy Ha pesynTarte
Mepeta MarHeTcke WHAyKuuje. VlamMepeHe BpegHOCTU MarHeTCKe WHAYKUME Y OKOMMHM OUCTPMOYTUBHOT Hag3eMHOr Boda Cy
Cpa3mepHe CTpyju Koja je mpoTuuana Kpo3 chasHe NPOBOAHMKE Y BpeME Mepera MarHetcke wHaykuuje. Ctpyje ontepeheta
AMCTpUbYTVBHOT BOAA Y Bpeme ucnuTuBarwa cy AobujeHe og BrnacHwka wussopa, ENB, u HaBegeHe y pedepaty. Onucana je
KOHUrypaLmja u3sopa 3pavyersa W gate cy BUCUHE (Pa3HNX NPOBOAHMKA OA Tha Koje yTWdy Ha W3MepeHe BPegHOCTU MarHeTcke
WHAYKUMje. Y pagy Cy OeTarbHO OnMCaHe MEepHe METode, kao U MepHa onpema Kojy cy kopuctune obe nabopatopuje Koje cy
y4ecTBoBare y mefjynabopatopujckom nopefery. Y3 pesyntate mepetba 0be nabopatopuje cy npukasane 1 NpoLeHeHy BPeAHOCT
NPOLUMPEHE MEPHE HECUTYPHOCTMW.

Krbyune peum: meflynabopatopujcko nopefiere, HejoHnsyjyhe apayerbe, MarHeTcka MHAYKUMja, ANCTPMOYTUBHM HaL3eMHU BOA,.

INTER-LABORATORY COMPARISON OF MEASURING RESULTS OF MAGNETIC INDUCTION
FROM DISTRIBUTION OVERHEAD POWER LINE

SUMMARY

The paper presents the inter-laboratory comparison of measuring results of magnetic induction from distribution overhead
power line, in which participated two testing laboratories. Measuring value is the momentary RMS value of magnetic induction, which
was measured in an isotropic manner, by simultaneously measuring all three space-components of the field’s vector in discrete
moments of time. Measurements were carried out at a height of 1 m above the ground along a direction which is perpendicular to the
axis of the overhead line and located approximately in the middle of the span, where it is logical to expect the highest values of
magnetic induction due to the smallest height of phase conductors. The selection of location was primarily influenced by terrain,
where it was of interest to choose the measuring direction where there are no objects that could affect the measuring results of
magnetic induction. The measured values of magnetic induction in the vicinity of overhead power line are proportional to the line
current (line power load) at the moment of measuring of magnetic induction. Those currents at the time of measurement were
obtained from the NIR source owner and given in the paper. The technical characteristics of the power line are presented and the
heights of phase conductors that affect the measured values of magnetic induction are also given. The measurement methods and
measuring equipment used by the two laboratories that participated in the inter-laboratory comparison are described in detail.
Besides measuring results, both laboratories presented the estimated value of the expanded measurement uncertainty.

Keywords: inter-laboratory comparison, non-ionizing radiation (NIR), magnetic induction, distribution overhead power line.
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I-1.15

STANJE ULJINIH JAMA U DISTRIBUTIVNIM TRANSFORMATORSKIM STANICAMA U ODNOSU NA ZAHTJEVE ZASTITE
OKOLISA

5 A. SUPIC, JP Elektroprivreda BiH d.d. Srajevo, Sektor za distribuciju, BiH
R. DZAKA, JP Elektroprivreda BiH d.d. Srajevo, Podruznica ,Elektrodistribucija“, Sarajevo, BiH

KRATAK SADRZAJ

Zakon o zastiti okolisa Federacije BiH (Sluzbene novine FBiH br.33/03) uspostavio je nov pristup zastiti okoli$a i djelimi¢no
promijenio zahtjeve koje moraju da zadovolje uline jame u distributivnim transformatorskim stanicama. Nekoliko akcidenata u
objektima JP Elektroprivreda BiH samo je povecalo vaznost i hitnost rjeSavanja problema uskladivanja izvedbenih rjeSenja
elektrodistributivnih objekata sa zahtjevima zastite okolisa.

Do donoSenja Zakona o zastiti okoliSa i drugih komplementarnih propisa, uljne jame u distributivnim transformatorskim
stanicama su projektovane i izvodene u skladu sa Pravilnikom o tehnickim normativima za zastitu elektroenergetskih postrojenja i
uredaja od pozara (Sluzbeni list SFRJ broj 74/90 i Sluzbeni list RBiH 2/92). Prema odredbama ovog Pravilnika, uljne jame su bile
obavezne samo u transformatorskim stanicama &iji transformatori sadrze viSe od 1.000 kg ulja (€lan 29. Pravilnika), a konstruktivna
izvedba jame je trebala da sprijeci Sirenje pozara na objekte u blizini postrojenja i uredaja. Nije bilo zabranjeno odvodenje
transformatorskog ulja u tlo, uz specifiéna ograni¢enja u pogledu odvodenja ulja u vodotokove, vodne zahvate ili kanalizaciju i kanale
pomocnih strujnih kola, odnosno postrojenja (¢lan 6.)

Nov pristup zastiti okolia definisan je kroz odredbe pomenutog Zakona o zatiti okoliSa Federacije BiH, Zakona u
upravljanju otpadom (Sluzbene novine FBiH br. 33/03) i druge prate¢e propise. Proucavajuéi navedene propise, moze se
konstatovati da distributivne transformatorske stanice ne spadaju u grupu objekata za koje je potrebna okolinska dozvola i da ne
postoje direktni zahtjevi vezani za izvedbu uljnih jama, ve¢ se ti zahtjevi moraju posredno izvesti iz osnovnih nacela zastite okolisa.

Posto postoje bitne razlike u izvedbi postojecih uljnih jama u TS 35/10kV i TS 10(20)/0,4 kV izvrSen je uvid na terenu:

—  obilazak svih 35/10 kV, jer transformatori sadrze velike koliine ulja i posjeduju jednu ili viSe uljnih jama u zavisnosti od broja
transformatora i nacina izvedbe jame.

— obilazak odabranog uzorka karakteristiCnih vrsta transformatorskih stanica 10(20)/0,4 kV koje bi trebale da imaju izvedene uljne
jame prema zahtjevima Pravilnika o tehni¢kim normativima za zastitu elektroenergetskih postrojenja i uredaja od poZara.

Sacinjena je ocjena stanja uljnih jama u TS 35/10 kV na osnovu neposrednog uvida u stanje na terenu u svakoj
transformatorskoj stanici, kao i procjene stanja uljnih jama u TS 10(20)/0,4 kV na osnovu izvjeStaja iz elektrodistributivnih dijelova i
obilaska odabranog uzorka karakteristicnih tipova transformatorskih stanica. Sacinjeni su i prijedlozi tehnickih rjeSenja za sanacije
uljnih jama u TS 35/10 kV, kao i plan narednih aktivnosti koji se odnosi na sve distributivne transformatorske stanice.

Kljuéne rijeci: transformatorska stanica, uljna jama, okoli$

STATE OF OIL WELLS IN DISTRIBUTION SUBSTATIONS WITH RESPECT TO ENVIRONMENTAL PROTECTION
REQUIREMENTS

SUMMARY

Environmental Protection Law of the Federation of BiH (Official Newspaper of the Federation no.33/03) was established a
new approach to environmental protection and change the requirements that the oil tanks at distribution substations must fulfill.
Several accidents in Public Enterprise of Elektroprivreda BiH increased the importance and urgency of solving the problem of
harmonization of performance solutions for distribution facilities with the requirements of environmental protection.

Before the Environmental Protection Act and other complementary regulations were established, oil tanks in the distribution
substations were designing and performing in accordance with the Regulations on technical standards for the protection of electrical
installations and appliances Fire (Official Newspaper of SFRJ No. 74/90 and Official Newspaper of BiH 2 / 92). Under the provisions
of this Ordinance, the oil tanks were required only in the substations whose transformers containing more than 1,000 kg of oil (Article
29 of the Regulations), and the design of the tank is supposed to prevent the spread of fire to the buildings near the plant and
equipment. There were no prohibited removal of transformer oil in the ground, with specific restrictions on the removal of oil into the
waterways, water and sewerage operations or auxiliary channel circuits and systems (Article 6)

New approach to environmental protection is defined by the provisions of that Act, the Environmental Protection Federation,
the Waste Management Act (Official Newspaper of FBiH no. 33/03) and other associated regulations. Studying these regulations, it
can be concluded that the substation does not belong to a group of objects that require environmental permit and that there are no
direct requirements related to the performance of oil tank, but such requests must directly derived from the basic principles of
environmental protection.

For the reason that there are significant differences in the performance of existing oil tank in TS 35/10kV and TS 10 (20) / 0.4
kV, inspection was made on the site:
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— ofall TS 35/10 kV transformers as they contain large amounts of oil and possess one or more of the oil tank depending on the
number of transformers and the way of constructing of oil tank.

— the selected samples of typical types of substations TS 10 (20) / 0.4 kV that are supposed to have derived oil tank as required
by the Ordinance on technical standards for the protection of electrical installations and equipment from fire.

Based on direct insight into the situation on the site of each substation, the assessment of the state oil tanks in TS 35/10 kV
was made, as well as the assessment of oil tanks in TS 10 (20) / 0.4 kV for distribution based on reports from parts of selected
samples of typical types of substations. Suggestions and technical solutions for the remediation of oil tanks in TS 35/10 kV, and plan
of further activities relating to all the distribution substations are also made.

Key words: distribution substations, oil tank, environmental.
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Izvestaj STK 2
Struéna komisija 2:
KVALITET ELEKTRICNE ENERGIJE U ELEKTRODISTRIBUTIVNIM SISTEMIMA

Predsednik komisije: Prof. dr Viadimir KATIC
Fakultet tehnickih nauka, Novi Sad, Republika Srbija

IZVESTAJ STRUCNOG IZVESTIOCA

U okviru Stru¢ne komisije 2 - Kvalitet elektriéne energije u elektrodistributivnim sistemima CIRED Srbije za VIII Savetovanje o
elektrodistributivnim mrezama CIRED-a Srbije sa regionalnim u¢e3¢em - CIRED Srbije 2012 predloZeno je 8 preferencijalnih tema:

1. TehniCka regulativa o kvalitetu elektriCne energije (standardizacija, tehnicki propisi i postupci)

2. Merenje i monitoring kvaliteta elektriCne energije (dijagnosti¢ke metode, oprema, postupci i sl.)

3. Uticaj prikljuenja novih obnovljivih izvora i nelinearnih potro$aca na kvalitet el. energije - viSi harmonici, fliker, nesimetrija,
prostiranje, uslovi prikljuéivanja, metode eliminisanja

4. Rad malih elektrana i drugih obnovljivih izvora elektriCne energije i kvalitet elektriéne energije

5. Poremecaiji koji direktno ugrotavaju rad potro$acéa - propadi napona, kratki prekidi i drugi poremecaji u napajanju potrosaca —
uzroci, prostiranje, imunitet, eliminisanje

6. Prenaponii zastita od prenapona u distributivnim mrefama, elektromagnetna kompatibilnost

7. Poremecaji u uzemljenju i kvalitet elektriCne energije

8. Uticaj prenapona na rad malih elektrana i drugih obnovljivih izvora elektriéne energije

Za struénog izvestioca Stru¢na komisija je izabrala prof. dr Vladimira Kati¢a.

U sekretarijat CIRED-Srbije pristiglo je 16 prijava, ali je u predvidenom roku za prijem radova stiglo 11 kompletnih radova. Nakon

recenzije i diskusije na Stru¢noj komisiji 10 radova su prihvaceni kao referati.

Struéna komisija referate je svrstala po preferencijalnim temama i to 10 radova u prvu i 2 rada u petu, dok je informaciju postavila u

sedmu temu.

U pripremanju ovog izveStaja struéni izvestioci su koristili zapaZanja, komentare i pitanja recenzenata, na ¢emu im posebno

zahvaljuje.

R-2.01 UTICAJ ZASTITNOG UZETA NA UGROZENOST INDUSTRIJSKIH 35 KV MREZA USLED
ATMOSFERSKIH PRAZNJENJA
Autori: M. SAVIC, S. TATALQVIC, Elektrotehni€ki fakultet Beograd, Srbija

U radu je analizirana moguénost zamene faznih provodnika 35 kV distributivnog voda sa provodnicima veceg poprecnog preseka uz
koriS¢enje postoje¢ih stubova. Zbog povecanja tezine ovakvih provodnika, ova moguénost je ostvarljiva jedino ako se demontira
zastitno uZe. Pokazano je da u slu€aju stubova sa malom impedansom uzemljenja broj preskoka na vodu se pri skidanju zastitnog
uzezeta znacajno poveéava, dok u sluéaju velikih impedansi uzemljenja stubova broj preskoka usled atmosferskih praznjenja moze
Cak da bude i smanjen kada se skine zastitno uze. Medutim, postoji ugrozenost transformatora u TS 35 kV, koja se jo$ viSe
povecava kada se zastitno uze skine. Dat je predlog kako se tranformatori mogu potpuno zastititi.

Pitanja za diskusiju:

1. Komentarisati zasto se predloZeno reSenje za potpunu zatitu energetskih transformatora od atmosferskih prenapona manje
srece iako daje potpunu zastitu.

2. Kolika je isplativost ovakvog reSenja, ako je godi$nji broj preskoka na 100 km voda izmedu 30 i 407

R-2.02 UTICAJ UREDAJA ZA KONTINUALNU REGULACIJU SVETLOSNOG FLUKSA NA PARAMETRE
KVALITETA ELEKTRICNE ENERGIJE - ANALIZA REZULTATA MERENJA )
Autori: D. BRAJOVIC, Visoka Skola tehnickih strukovnih studija, Cacak, Srbija, Z. LAZAREVIC,

P. OSMOKROVIC, M. KOSTIC, Elektrotehnicki fakultet, Beograd, Srbija

U radu se razmatra problematika daljinskog upravljanja javnim osvetlienjem sa kontinualnom regulacijom svetlosnog fluksa. Date su
se sve prednosti ovakvog sistema uz primenu savremenih izvora svetlosti. Medutim, uo&eni su uticaji sistema na kvalitet elektricne
energije u njihovom okruzenju, kroz probleme u vidu niskog faktora snage i pojave visih harmonika napona i struje. Predlozena su
moguca reSenja u cilju spre¢avanja negativnih uticaja na napojnu elektriénu mrezu, kao i moguéih usteda u potrosniji elektriéne
energije.

Pitanja za diskusiju:

1. Sta je uzrok nelinearnosti u sistemu, koja za posledicu ima pojavu visih harmonica?

2. Koji su bili uslovi tokom merenja, odnosno kakve su bile harmonijske prilike kada ovaj sistem nije bio u funkciji?

3. Kako se ocenjuje nivo uticaja ovog sistema na pojavu viSih harmonica u faznim provodnicima, a kako u neutralnom?
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R-2.03 IZRAZI ZA PROMENU NAPONA NA MESTU PRIKLJUCENJA GENERATORA NA DISTRIBUTIVNI SISTEM
ELEKTRICNE ENERGIJE
Autor: D. POPQVIC, "Elektrovojvodina” d.0.0, Novi Sad, Srbija

Priklju¢enje malih generatora ili elektrana na distributivni sistem elektriChe energije zahteva mehanizme za proveru promena napona
u prelaznim rezimima (naponski udar prilikom ukljucenja i iskljuenja generatora). Provera se vrSi putem izraza za kriterijum
dozvoljene snage prema "Pravilima o radu distributivnog sistema", kao i prema izrazima datim u poslednjoj verziji "Tehnickih
Preporuka 16". Isti ili sliéni izrazi se koriste i u drugim zemljama Evrope za proveru kriterijuma za priklju¢enje elektrana.

Pitanja za diskusiju:
1. Sta je kljucna prednost predloZzenog nacina proracuna?
2. Kolika je prakti¢na vrednost predlozenog izraza?

R-2.04 THE ROLE OF SYSTEM AUTOMATION IN POWER QUALITY
Autori; G. LUNGOCI, I. DOBRE, C. LUNGOCI, Rumunija

U radu je prikazan sistema za automatsko nadgledanje parametara mreZe sa ciliem pobolj$anja nivoa kvaliteta elektriCne energije u
sistemu. Dato je nekoliko primera rada ovako automatizovanog sistema i prikazane njegove dobre osobine i pozitivne moguénosti u
pogledu poboljSanja valiteta elektriéne energije. PredloZzeno da se ovakav nacin monitoring i rada prosiri na §to veci deo distributivne
mreZe u cilju smanjivanja gubitaka i povecanja efikasnosti rada.

Pitanja za diskusiju:
1. Koji sistemi automatizacije od onih opisanih su se pokazali najekonomicniji u praksi Elektrodistribucije Juzne Transilvanije?
2. Koliki benefiti se mogu odekivati u pogledu smanjenja prekida napajanja kod potro$aca kori§éenjem ovakvog sistema?

R-2.05 ANALIZA UTICAJA PRIKLJUCENJA FOTONAPONSKIH SISTEMA NA FUNKCIONISANJE MREZE
NISKOG NAPONA
Autori: M. MARKOVIC, S. MINIC, M. IVANOVIC, Elektrotehnicki institut “Nikola Tesla’, Srbija

U radu je sagledan uticaj prikljuéenja fotonaponskih sistema na mrezu niskog napona. IzvrSeni su proracuni za razli¢ita stacionarna
stanja u mrezi i analizirani efekti priklju¢enja na naponske prilike i gubitke, za modele gradske i seoske NN mreze. Optereéenje
modelovano u mreZi rasporedeno je po kupcima elekiriéne energije, srazmerno ukupnim utroSenim energijama tokom godine.
Razmatran je rezim maksimalnog i minimalnog optereéenja, ali je akcenat stavljen na reZim minimalnog opterecenja. Sagledan je
uticaj varijacije mesta priklju¢enja fotonaponskih sistema na mreZu, broja solarnih modula (snage 5 kW po modulu). Analizirano je
funkcionisanje niskonaponske mreZe u opisanim uslovima kao i nivo injektiranja koji mreza moze da podnese sa aspekta naponskih
prilika i nivoa opterecenja.

Pitanja za diskusiju:

1. Kolika je u€estalost priklju¢enja ili zahteva za priklju¢enje fotonaponskih elektrana na distributivnu mrezu na bazi iskustva
autora?

2. Koje bi bilo najpogodnije mesto za prikljuéenje fotonaposnske elektrane u jednoj distributivnoj mrezi sa aspekta teme rada?

3. Kako bi se vrsili proracuni, ako se vrsi prikljuCenije vise fotonaponskih elektrana odjednom ili se vrsi prikljuéenje na sistem gde
ve¢ postoje neke prikljuéene?

R-2.06 MERENJE | ANALIZA PARAMETARA KVALITETA ELEKTRICNE ENERGIJE MALE ELEKTRANE SA
KOGENERACIONIM POSTROJENJEM NA BIOGAS )
Autori: B. KOSTIC, A. NIKOLIC, Elektrotehnicki institut "Nikola Tesla", Srbija, J. RADAKOVIC, Elektrovojvodina - ED

Subotica, Srbija

Elektrana na biogas je jedan od nacina kori§¢enja obnovljivih izvora energije, koji su obuhvaceni savremenim podsticajima, odnosno
feed-in tarifama. Posebno su interesantna kogenerativna postrojenja, jer se time znacajno povecava energetska efikasnosti celog
procesa. U radu je prikazano postrojenje u sklopu fabrike "Alltech” u kojem se nalazi jedna ovakva mala elektrana na biogas, kao
nuz produkt osnovnog proizvodnog procesa. Kod prikljuéivanja ovog postrojenja uradena su merenja uticaja na kvalitet elektri¢ne
energije. Pokazano je da ovaj generator doprinosi povecanju 5-tog harmonika, dok kod ostalih vi§ih harmonica nije zabeleZena
promena.

Pitanja za diskusiju:

1. Sta je uzrok pojave dodatnih visih harmonika u sistemu ovakve male elektrane?

2. Dalli se kvalitetnim izborom opreme i odredenim nacinom rada moZe minimizovati uticaj male elektrane na kvalitet elektriéne
energije?

R-2.07 NAPONSKE PRILIKE U JEDNOSTRANO NAPAJANOJ DISTRIBUTIVNOJ MREZI SA DISTRIBUISANIM
GENERATOROM )
Autori: V. BECIROVIC, Elektrotehniéki fakultet u Sarajevu, M. HASANIC, Komisja za koncesije Federacije BiH,

Sarajevo, B. NIKOLIC, S. HANJALIC, Elektrotehnicki fakultet u Sarajevu, Bosna i Hercegovina

40



VIl SAVETOVAMIE O ELEKTRODISTRIBUTIVNIM MREZAMA SRBLIE sa regionalnim uéeséem
VIII CONFERENCE ON ELECTRICITY DISTRIBUTION IN SERBIA with regional participation ﬁa
{ CIRED

Vrnjockn Banja, 23/09/2012 - 26/09/2012

U radu su razmatrane naponske prilike u distributivnoj mrezi u kojoj su i prikljuceni i distribuirani generatori (mala hidroelektrana,
vjetrogenerator, fotonaponskisistem). Distribuirani generator u razmatranoj mrezi imaju zna&ajne uticaje na naponske prilike, a time i
kvalitet elektriCne energije. Prikazane su naponske prilike u jednoj realnoj mrezi i uradene analize parametara kvaliteta elektricne
energije prema standardu EN50160. Date su preporuke rada ovakvih generatora po pitanju naponskih prilika i gubitaka snage u
mreZi, regulaciji napona iz VN mreze i pouzdanost isporuke elektriCne energije.

Pitanja za diskusiju:

1. Koja je okvirna granica snage distribuiranog generatora u jednoj distributivnoj mrezi koja ima sli¢nu konfiguraciju?

2. Koji tip generatora, s obzirom na svoje proizvodne karakteristike je najpogodniji za kvalitetno snabdevanje u analiziranoj
distributivnoj mrezi?

R-2.08 SMANJENJE PRENOSNE (NOMINALNE) SNAGE TRANSFORMATORA U ELEKTRICNIM MREZAMA SA
VISIM HARMONICIMA
Autor: M. KOSTIC, Elektrotehniéki Institut Nikola Tesla, Univerzitet u Beogradu, Srbija

U radu je razmatran uticaj povecanja dodatnih gubitaka opterecenja na smanjene (redukciju) prenosnih snaga transformatora, u
mrezi sa viS§im harmonicima struje. Utvrdeno je da navedena smanjenja mogu biti velika (10-15%), kada su u pitanju transformatori
velikin snaga i visokih vrednosti napona kratkog spoja. Takode je pokazano da se dovoljno tane vrednosti navedenih smanjenja
mogu dobiti samo ako se posebno raéunaju poveéanja dodatnih gubitaka usled vrtloznih struja i povecanja dodatnih gubitaka u sudu
i konstruktivnim delovima, odnosno ako se prethodno odrede vrednosti faktor pove¢anja navedenih komponenti dodatnih gubitaka.

Pitanja za diskusiju:

1. Kaoji nivoi i kolika trajanja delivanja vi§ih harmonika struje bi bila kriticna za manifestovanje znacajnijeg smanjenja snage
transformatora?

2. Dali, odnosno koliko i sam transformator doprinosi povec¢anju nivoa visih harmonika struje u mrezi?

R-2.09 FLIKERI - PROBLEMI, UTICAJ | ANALIZA REZULTATA MERENJA
Autori: R. MILANKOV, PD Elektrovojvodina, Elektrodistribucija Zrenjanin, Pogon Kikinda, Srbija,
J. CARNIC, PD Elektrovojvodina, Uprava, Novi Sad, Srbija

PrikljuCenje na elektrodistributivni sistem i pogon vecih potroSaca elektritne energije moze biti vrlo kompleksan postupak, odnosno
zahtevati razli¢ite tipove merenja i analiza. U radu se opisuje jedan primer naruSavanja uslova u isporuci elektriéne energije, {j.
pojava flikera koja znacajno naruSava kvalitet elektricne energije. Dobijeni rezultati su pokazali nedopusteno visok nivo i potrebu za
preduzimanjem zastitnih mera.

Pitanja za diskusiju:

1. Dali se odgovarajuce faze radnog procesa livnice mogu povezati sa visokim vrednostima flikera i na taj nacin predloZiti mere za
smanjenje?

2. Koliko su realisti¢ne predloZene mere za smanjenje, s obzirom na postojecu regulativu i ekonomske efekte ovih mera?

R-2.10 ELEKTROMAGNETSKA KOMPATIBILNOST ELEKTROENERGETSKIH POSTROJENJA
Autori: H. SALKIC, Z. SALKIC, D. BACINOVIC, PE Elektroprivreda BiH, ED Tuzla, Bosna i Hercegovina

U radu su razmatrani razli¢iti efekti elektromagnetne kompatibilnosti jedne elektriéne mreZe, odnosno standardnog energetskog
transformatora SN/NN. Data je teoretska analiza mogucih uticaja, kao i pregled regulative u nacinu proradunavanja ovih uticaja.
Opisana su neka reSenja i procedure iz relevantnih evropskih standarda, koji su u primeni u Bosni i Herecegovini.

Pitanja za diskusiju:

1. Kakva su iskustva primene opisanih evropskih standarda u oblasti elektromagnetne kompatibilnosti u Bosni i Hercegovini?

2. Dalise ikoliko éesto sprovode merenja parametara EMC ili kvaliteta elektricne energije? Da li za to postoji odgovarajuca
ragulativa?

EC 2 Report
Expert Committee 2:
POWER QUALITY IN POWER DISTRIBUTION SYSTEMS

Chairman: Prof. Vladimir KATIC
Faculty of Technical Sciences, Novi Sad, Serbia

REPORT OF PRESENTERS

In the Expert Commission 2 - Power quality in power distribution systems for the CIRED Serbia the 8! Conference on Electricity
networks CIRED Serbia with regional participation - CIRED Serbia 2012 proposed 8 preferential topics:

1. Technical regulations on electrical power quality (standardization, technical regulations and procedures)
2. Measuring and monitoring the quality of electricity (diagnostic methods, equipment, procedures, etc.).
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3. The influence of the connection of new renewable and non-linear consumers on power quality. energy - the higher harmonics,
flicker, unbalance, propagation, terms of connecting, methods of eliminating

4. Operation of small power plants and other renewable sources of electricity generation and power quality

5. Disorders that work directly endanger consumers - Voltage dips, short interruptions and other disturbances in the power of
consumers - the causes, extent, immunity, eliminating

6. Over-voltages and overvoltage protection in distribution networks, electromagnetic compatibility

7. Disturbances in the grounding and power quality

8. Impact on the operation of small surge of power plants and other renewable sources of electricity

For the Session reporter the Expert committee chose Prof. Dr. Vladimir Katic.

The Secretariat CIRED Serbia has received 16 applications, but in due time for receipt of submissions, received 11 full papers. After
review and discussion at the Technical Committee 10 papers were accepted as papers.

In preparing this report, the Session reporter has used observations, comments and questions from reviewers, for which we would
like to thank.

R-2.01 SHIELLD WIRES INFLUENCE TO THE LIGHTNING PERFORMANCE OF INDUSTRIAL 35 kV OVERHEAD
LINES
Authors: M. SAVIC, S. TATALOVIC, Faculty of Electrical Engineering, Belgrade, Serbia

This paper analyzes the possibility of replacing the phase conductors 35 kV distribution water more conductive cross section using
the existing piers. Due to the increasing weight of such a conductor, this option is feasible only if the earth wire is disassembled. It is
shown that in the case of columns with low impedance grounding of arcing to the water when removing the protective rope
significantly increased while in the case of high impedance grounding pillars of flashover due to lightning could even be reduced
when you take down the rope. However, there is a vulnerability in the TS transformer 35 kV, which is further increased when the
earth wire off. A proposal has been that the transformers can be fully protected.

Questions for discussion:

1. Comment on why the proposed solution for complete protection of power transformers from lightning though less fortunate gives
complete protection.

2. What s the cost of such a solution, if the annual number of skips on the water 100 miles between 30 and 407

R-2.02 IMPACT OF CONTINUAL LUMINOUS FLUX REGULATION ON ELECTRIC POWER QUALITY
PARAMETRES - ANALYSIS OF MEASURING RESULTS
Authors: D. BRAJOVIC, Technical College of Professional Studies, Cacak, Serbia,

Z. LAZAREVIC, P. OSMOKROVIC, M. KOSTIC, Electrical Engineering Faculty, Belgrade, Serbia

This paper examines the problem of remote management of public lighting with continuous control of luminous flux, given all the
advantages of such a system with modern light sources. However, the observed effects of the system on the quality of electricity in
their environment, the problems in the form of low power factor and the appearance of higher harmonics of voltage and current. The
paper proposes possible solutions to prevent adverse impacts to the power grid, as well as the potential savings in energy
consumption.

Questions for discussion:

1. What is the cause of non-linearity in the system, resulting in the appearance of higher harmonica?

2. What were the conditions during measurement and what were the circumstances when this harmonic system was not in place?
3. How is the level of influence of the system on the occurrence of higher harmonics in the phase conductors, and as a neutral?

R-2.03 CALCULATION OF THE VOLTAGE CHANGES CAUSED BY GENERATOR WITH A POINT OF
CONNECTION TO A PUBLIC DISTRIBUTION NETWORK
Author: D. POPQVIC, "Elektrovojvodina", Novi Sad, Serbia

Connection of small power generators or the electrical power distribution system requires mechanisms to verify the changes in the
transient voltage (voltage shock when the connection and disconnection of the generator). Checks are conducted by the expression
for the force criterion allowed "The distribution system", as well as the terms set out in the latest version of the "Technical
Recommendation 16." The same or similar terms are used in other European countries to check the criteria for joining powerhouse.

Questions for discussion:
1. What is the key advantage of the proposed method budget?
2. What is the practical value of the proposed expressions?

R-2.04 THE ROLE OF SYSTEM AUTOMATION IN POWER QUALITY
Authors: G. LUNGOCI, I. DOBRE, C. LUNGOCI, Romania

This paper presents a system for automatic monitoring of network parameters to improve the quality of electricity in the system.
Some examples are given of such an automated system and shown its good qualities and positive potential in improving power
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quality. It is proposed that such a method of monitoring and extended to as much of the distribution network in order to reduce losses
and increase efficiency.

Questions for discussion:
1. Which automation systems from those described proved to be cost-effective in practice of Electric Supply Company of Southern
Transylvania?

2. What benefits can be expected in terms of reduced power failure in the consumer using such a system?

R-2.05 ANALYSIS OF IMPACT OF THE PHOTOVOLTAIC SYSTEMS CONNECTED TO LOW VOLTAGE
NETWORK ) ,
Authors: M. MARKOVIC, S. MINIC, M. IVANOVIC, Electrical Engineering Institute "Nikola Tesla", Serbia

The paper outlines the impact of the connection of photovoltaic systems in the low voltage network. Were calculated for the different
stationary states in the network connection and analyzed the effects on the voltage and losses, for the models of urban and rural low
voltage network. The load is simulated network deployed by electricity customers, in proportion of total energy consumption during
the year. Diet is considered the maximum and minimum loads, but the focus was on off-peak regime, overlooking the influence of
variations of connecting PV systems to the network, the number of solar modules (power of 5 kW per module). Analyzing the low-
voltage operation of the network described in terms of the level of injection and the network may be submitted in terms of voltage,
and load levels.

Questions for discussion:

1. What is the frequency of connection requests to the connection of photovoltaic power plants to the distribution network based on
the experiences of the author?

2. What would be the best place to connect photovoltaic power in a distribution network in terms of themes?

3. To calculate if a connection is more photovoltaic power plants at once, or a connection is in a system where there are already
some connected?

R-2.06 MEASUREMENT AND ANALYSIS OF POWER QUALITY PARAMETERS FOR SMALL POWER PLANT
WITH COGENERATION BIOGAS PLANT
Authors: B. KOSTIC, A. NIKOLIC, Electrical Engineering Institute "Nikola Tesla", Serbia,

J. RADAKOVIC, Elektrovojvodina - ED Subotica, Serbia

Biogas power plant is one of the uses of renewable energy sources, which are covered by modern incentives or feed-in tariffs. Of
special interest are cogeneration plants, as it significantly increases the energy efficiency of the process. The paper describes the
facility as part of the factory "Alltech" where there is such a small biogas plants, as by-product of the primary production process,
when connecting this unit was performed to measure the impact on power quality. It is shown that the generator contributes to the 5-
th harmonic, while for other senior harmonica was not recorded changes.

Questions for discussion:
1. What is the cause of additional harmonics in the system such little power?
2. Is the quality and selection of equipment specified mode can minimize the impact on the quality of small generators of

electricity?
R-2.07 VOLTAGE CONDITIONS IN THE DIRECTLY SUPPLIED DISTRIBUTION NETWORK WITH DISTRIBUTED
GENERATOR
Authors: V. BECIROVIC, Faculty of Electrical Engineering in Sarajevo,

M. HASAN]C, Concession Commission of the Federation of Bosnia and Herzegovina, Sarajevo,
B. NIKOLIC, S. HANJALIC, Faculty of Electrical Engineering in Sarajevo, Bosnia and Herzegovina

The paper considers the voltage in the distribution network in which they are connected and distributed generators (small hydro,
wind, photovoltaic). Distributed generators in the considered network have significant impacts on the voltage, and thus the quality of
electricity. Show the voltage in a real network and analysis conducted parameters of power quality according to EN50160.
Recommendations were of such generators in terms of voltage profile and power losses in a network, the voltage regulation of the
VN Network and the reliability of electricity supply.

Questions for discussion:
1. What is the approximate boundary of the distributed power generator in a distribution network which has a similar configuration?
2. What type of generator, given the characteristics of its product is most suitable for supplying quality analyzed the distribution

network?
R-2.08 REDUCTION OF TRANSMISSION (RATED) POWER OF TRANSFORMERS IN ELECTRIC POWER
NETWORKS WITH HIGHER HARMONICS
Author: M. KOSTIC, Electrical Engineering Institute Nikola Tesla, University of Belgrade, Serbia

This paper analyzes the effect of increasing the additional losses reduced (reduction) of portable power transformers in the network
with higher harmonics current. It was found that this decrease can be large (10-15%), when it comes to large power transformers
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and high voltage values of short circuit. It is also shown to be sufficiently accurate value of these reductions can be obtained only by
special favor of increasing the losses due to eddy currents and increase the losses in court and constructive parts, or if the
previously determined values of these components factor increases the losses.

Questions for discussion:
1. What level and what values of harmonic currents would be critical for the manifestation of a significant reduction in power
transformer?

2. Whether, or how, and | am a transformer contributes to increased levels of harmonic currents in the network?

R-2.09 FLICKERS - ISSUES, IMPACT AND MEASURING RESULTS ANALYSES
Authors: R. MILANKOV, Elektrovojvodina, Zrenjanin Power Plant, Kikinda, Serbia,
J. CARNIC, Elektrovojvodina, Management, Novi Sad, Serbia

Connection to the electric drive system and large consumers of electricity can be a very complex procedure, and require different
types of measurement and analysis. This paper describes an example of violation of the conditions of supply of electricity, that is.
Flicker phenomenon that significantly impairs the quality of electricity. The results showed a high level of illicit and the need to take
protective measures.

Questions for discussion:
1. s the appropriate phase of the foundry process can be linked to high levels of flicker and thus to suggest measures to reduce?
2. How realistic are the proposed measures to reduce, given the current regulatory and economic effects of these measures?

R-2.10 ELECTROMAGNETIC COMPATIBILITY OF ELECTRIC POWER PLANT
Authors: H. SALKIC, Z. SALKIC, D. BACINOVIC, PE Elektroprivreda, ED Tuzla, Bosnia and Herzegovina

The paper discusses the possible effects of electromagnetic compatibility of a power supply or a standard power transformer MV /
LV, given a theoretical analysis of the possible impacts, and a summary of regulations in the manner of calculation of these effects.
The paper describes the solutions and procedures of the relevant European standards, which are in effect in Bosnia and
Herzegovina.

Questions for discussion:

1. What are the experiences described implementation of European standards in the field of electromagnetic compatibility in
Bosnia and Herzegovina?

2. Whether and how often implemented EMC measurement parameters and power quality? Whether there is a corresponding
regulation?
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R-2.01
UTICAJ ZASTITNOG UZETA NA UGROZENOST INDUSTRIJSKIH 35 kV MREZA USLED ATMSOFERSKIH PRAZNJENJA

M. SAVIC, S. TATALOVIC
Elektrotehnicki fakultet Beograd, Srbija

KRATAK SADRZAJ

U radu je prikazana analiza moguénosti zamene faznih provodnika 35 kV distributivnog voda sa provodnicima veéeg
poprecnog preseka radi poveéanja propusne moci voda, zadrzavajuéi postojece stubove. Zbog povecanja tezine faznih provodnika
veceg popreénog preseka, da bi se obezbedilo mehani¢ko naprezanja stubova u dozvoljenim granicama, zatitno uze se mora
demontirati. IzvrSeno je uporedivanje broja preskoka na vodu i rizik kvara transformatora kada je prilazni vod sa i bez zastitnog
uzeta. Pokazano je da u se slu€aju stubova sa malom impedansom uzemljenja broj preskoka na vodu pri skidanju zastitnog uzeta
znaCajno povecava, dok u slu¢aju velikih impedansi uzemljenja stubova broj preskoka usled atmosferskih praznjenja moze ¢ak da
bude i smanjen kada se skine zastitno uze. PreporuCuje se primena $tapnih kompozitnih izolatora sa spoljasnjim plastom od
silikonske gume zbog boljih karakteristika u slucaju uvlaZenja i zagadene atmosfere, znatno manje teZine i manje osetljivosti na
udarce od porculanskih ili staklenih izolatora. Pokazano je da postoji ugroZenost transformatora u TS 35 kV i u sadaSnjem stanju
kada postoji zastitno uze, ali se ugroZenost jo$ viSe povecava kada se ono skine. Uvodenjem dodatnog seta odvodnika prenapona u
svakom transformatorskom polju se svi energetski transformatori mogu potpuno zastititi od atmosferskih prenapona

Kljuéne re¢i: Nadzemni vod, zastitno uze, energetski transformator, koordinacija izolacije.
SHIELD WIRES INFLUENCE TO THE LIGHTNING PERFORMANCE OF INDUSTRIAL 35 kV OVERHEAD LINE

M. SAVIC, S. TATALOVIC
Faculty of Electrical Engineering Belgrade, Serbia

SUMMARY

In the paper the possibility of 35 kV overhead line phase conductors replacement with greater cross section conductors to
improve transmission ability, keeping the same towers, is analyzed. To keep the tower mechanical stress under the critical value, the
existing shield wire must be dismounted. The lightning performance of the overhead line and substation is compared when the
overhead line is built with shield wire or without it. In the case of overhead line with shield wire with small tower footing impedance,
the annual number of flashovers is significantly smaller compared to the same line without shield wire. On the contrary, if the tower
footing impedance is great, the annual number of flashovers can be even smaller at the line with dismounted shield wire. It is
suggested to apply rod type of composite insulators with silicon mantle due to the better performance in wet and polluted conditions,
significantly smaller weight, better insulation properties and less vulnerable to mechanical shocks compared to glass or porcelain
insulators. Power transformers in substation are not adequately protected from lightning overvoltages in the case of impinging line
with shield wire. In the case of impinging line without shield wire the lightning performance of power transformers is worse. If the
additional set of surge arrester is applied in every transformer bay, the power transformer can be completely protected.

Key words: Overhead line, shield wire, power transformer, insulation coordination.
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UTICAJ UREDAJA ZA KONTINUALNU REGULACIJU SVETLOSNOG FLUKSA
NA PARAMETRE KVALITETA ELEKTRICNE ENERGIJE
- ANALIZA REZULTATA MERENJA

D. BRAJOVIC, Visoka Skola tehnickih strukovnih studija, Catak
Z.LAZAREVIC, P. OSMOKROVIC, M. KOSTIC, Elektrotehniéki fakultet, Beograd

KRATAK SADRZAJ

U radu se razmatra problematika telemenadZmenta (daljinsko upravljanje i kontrola) u javnom osvetljenju sa posebnim
osvrtom na kontinualnu regulaciju svetiosnog fluksa. Iznose se sve prednosti sistema upravljanja i kontrole javnim osvetljenjem uz
primenu savremenih izvora svetlosti. Posebna paznja je posveena uticaju sistema na kvalitet elektrine energije u njihovom
okruzenju. Kao posledica nelinearnosti definisani su problemi u vidu niskog faktora snage i viSih harmonika napona i struje. Data su
moguca reSenja u cilju spreCavanja negativnog uticaja na napojnu elektriénu mrezu sa aspekta kvaliteta elektricne energije i
mogucih usteda u potro3nji elektriéne energije.

Kljuéne re¢i: Telemenadzment, svetlosni fluks, kontinualna rergulacija, kvalitet elektricne energije.

IMPACT OF CONTINUAL LUMINOUS FLUX REGULATION
ON ELECTRIC POWER QUALITY PARAMETRES — ANALYSIS OF MEASURING RESULTS

ABSTRACT

In this paper the problem of telemanagement (remote control and administration) is considered regarding the public lighting
system with emphasis on the continual regulation of the luminous flux. All the benefits regarding the control and administration
systems for public lighting are presented with usage of the modern (up-to-date) light sources. Special emphasis is put on the
influence of the above mentioned system on the electrical energy quality in the areas close to the implemented system. As a
consequence of the nonlinearity, problems are defined in terms of low power factor and higher voltage and current harmonics.
Possible solutions are given in order to prevent the negative influence (effects) on the feeder power networks from the aspect of the
electrical energy quality and possible savings regarding the electrical energy consumption.

Key words: telemenagment, light flux, continual regulation, electric energy quality.
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IZRAZI ZA PROMENU NAPONA NA MESTU PRIKLJUCI?NJA
GENERATORA NA DISTRIBUTIVNI SISTEM ELEKTRICNE
ENERGIJE

D. POPOVIC, Elektrovojvodina, Novi Sad, Srbija
KRATAK SADRZAJ

Prilikom prikljuéenja generatora (elektrana) na distributivni sistem elektriéne energije proverava se promena napona u
prelaznom rezimu (naponski udar prilikom ukljuéenja i iskljuenja generatora). Provera se vrSi putem izraza za kriterijum dozvoljene
snage prema ,Pravilima o radu distributivnog sistema* (sl.gl.RS. br 8/2010). Osim toga, u poslednjoj verziji ,Tehnickih Preporuka 16"
JP EPS preporucuje se provera dodatnih kriterijuma preko izraza koji u svojoj osnovi takode imaju promenu napona u prelaznom
rezimu. Isti ili sliéni izrazi se koriste i u drugim zemljama Evrope za proveru kriterijuma za prikljuenje elekirana na distributivni
sistem elektriCne energije.

Prilikom prakticne primene datih izraza ukazala se potreba za informacijama o tome kako su dati izrazi dobijeni. ,Pravila o
radu distributivnog sistema“ (sl.gl.RS. br 8/2010) i ,Tehnicke Preporuke 16 JP EPS takve informacije ne sadrze. Posto se u
domacim i stranim pravilima za prikljuenje generatora na distributivni sistem elektrine energije ne navodi postupak odredivanja
izraza koji se koriste za proveru kriterijuma, u ovom radu je dat opsti postupak dobijanja taénog izraza za promenu napona na mestu
priklju¢enja generatora iz koga su matematickim transformacijama uz uvodenje odgovarajucih pretpostavki dobijeni izrazi koji se
mogu sresti u domacim i stranim pravilima za prikljuéenje generatora.

Kljuéne re€i: generator, elektrana, prikljuenje, promena napona.

CALCULATION OF THE VOLTAGE CHANGES CAUSED
BY GENERATOR WITH A POINT OF CONNECTION TO
A PUBLIC DISTRIBUTION NETWORK

D. POPQVIC, Elektrovojvodina, Novi Sad, Serbia
SUMMARY

In order to connect a generator (power plant) to a public distribution network, voltage changes caused by the generator, at
point of connection, have to be determined. Voltage changes have to be in the admissible limits defined by the ,Grid codes®
(sl.gl.RS. br 8/2010). Apart of that, the latest version of , Technical recommendation 16" JP EPS, presents additional criteria that also
include voltage changes caused by the generator, at point of connection. Same or similar criteria for connection of a generator
(power plant) to a public distribution network are used in other European countries.

For fully understanding of mentioned criteria, information about how the criteria have been generated is needed. Since there
is no such information in ,Grid codes” (sl.gl.RS. br 8/2010) or ,Technical recommendation 16" JP EPS, expressions used in
mentioned criteria are generated from the beginning, which is shown in this paper. This paper presents generation of correct
expression for voltage changes caused by the generator at point of connection. Transforming that expression with certain
assumptions, expression that can be find in domestic and foreign ,Grid codes*, are generated.

Key words: generator, power plant, connection, voltage change.
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THE ROLE OF SYSTEM AUTOMATION IN POWER QUALITY
G. LUNGOCI, I. DOBRE, C. LUNGOCI
SUMMARY

Delivering quality power to consumers has become an increasingly concern for specialists, due to the rising demands of
customers.

The power quality supplied to consumers with its two components: voltage quality and supply service quality, present a
particular interest for industrial electricity consumers, since many of its processes are strongly influenced by the quality indicators of
electrical power supply terminals.

In the same time, consumers who use modern technologies are sources of disturbance to adjacent users of the same
distribution network.

For this reason, both the consumer and the supplier of electricity are interested to monitoring electrical power supply quality
in common point of connection.

One of the methods used by distribution companies in order to ensure the supply service quality and the electrical power
quality at the delimitation point between the supplier and consumer is the equipping of power distribution networks with modern
automation systems.

This paper presents researches and results obtained by the specialists from Electrica Distribution South Transylvania to
improve the electrical power quality supplied to consumers, using embedded automation systems.

Key words: power quality, supply service quality, distribution networks system automation, automatic tuning equipments
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ANALIZA UTICAJA PRIKLJUCENJA FOTONAPONSKIH SISTEMA NA FUNKCIONISANJE MREZE NISKOG NAPONA

M. MARKOVIC, S. MINIC, M. IVANOVIC
Elektrotehnicki institut "Nikola Tesla", Srbija

KRATAK SADRZAJ

U ovom radu je sagledan je uticaj prikljuéenja fotonaponskih sistema na mrezu niskog napona. IzvrSeni su proracuni za razlicita
stacionarna stanja u mrezi i analizirani efekti priklju¢enja na naponske prilike i gubitke. Izabrana su dva modela niskonaponske
mreZe, gradski i seoski. Optereéenje modelovano u mrezi rasporedeno je po potrosagima srazmerno ukupnim utro$enim energijama
tokom godine. Razmatran je rezim maksimalnog i minimalnog opterecenja, pri ¢emu je minimaino opterecenje definisano kao 25%
maksimalnog opterecenja. Akcenat je na stavljen na reZzim minimalnog opterecenja imaju¢i u vidu da fotonaponski sistemi nisu u
mogucnosti da utiCu na vr8no optere¢enje u ranim vedernjim satima. Analize su izvrSene variraju¢i mesto prikljucenja fotonaponskih
sistema na mrezu, broj odnosno snagu solarnih modula (snage 5 kW po modulu). Sagledano je funkcionisanje niskonaponske mreze
u opisanim uslovima kao i nivo injektiranja koji mreza moze da podnese sa aspekta naponskih prilika (visina napona mora ostati u
dozvoljenom opsegu u odnosu na naznageni napon mreze) i nivoa optereéenja.

Kljuéne re¢i: Mreza niskog napona, Fotonaponski sistemi, Naponske prilike, Gubici u mrezi.
ANALYSIS OF IMPACT OF THE PHOTOVOLTAIC SYSTEMS CONNECTED TO LOW VOLTAGE NETWORK

M. MARKOVIC, S. MINIC, M. IVANOVIC
Elektrotehnicki institut "Nikola Tesla", Srbija

SUMMARY

This paper outlines the impact of the photovoltaic systems connected to the low voltage network. The calculations were
conducted for different stationary working states and the impact on voltage profile and power losses were analyzed. Two low network
type models were selected: urban and rural. The load is modeled in proportion to the total annual energy consumption of each
consumer and in such manner distributed across network. The peak and minimum load states were considered, where minimum
load is defined as 25% of the peak load. The emphasis is put on the minimum load state the photovoltaic systems are unable to
shave the peak load in the early evening hours. Analysis were performed varying the connection point of photovoltaic system to the
network, the number, the power (5 kW per module). The operation of low voltage network in conditions as described is analyzed, as
well as the level of power injection into the network taking into consideration the voltage profile (voltage magnitude is to remain within
the defined range relative to the nominal network voltage) and the load level.

Key words: Low voltage network, Photovoltaic systems, Voltage profile, Load losses.
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MERENJE | ANALIZA PARAMETARA KVALITETA ELEKTRICNE ENERGIJE
MALE ELEKTRANE SA KOGENERACIONIM POSTROJENJEM NA BIOGAS

B. KOSTIC, A. NIKOL]C, Elektrotehnicki institut "Nikola Tesla", Srbija
J. RADAKOQVIC, Elektrovojvodina - ED Subotica, Srbija

U radu su predstavljeni rezultati analize kvaliteta elektricne energije na osnovu merenja pri prikljuéenju male elektrane sa
kogeneracionim postrojenjem, koje kao izvor koristi biogas.

Fabrika "Alltech” u Senti deo je velike internacionalne kompanije i bavi se proizvodnjom prvenstveno stoéne hrane i
pekarskog kvasca. Kao nusprodukt u proizvodnji stvara se velika koli¢ina otpadne vode koja je bogata anaeorobnim bakterijama.
PreciS¢avanjem te vode dolazi do oslobadanja biogasa, koji se dalje moze upotrebiti za proizvodnju elektri€ne energije i dodatne
toplotne energije, koja se ponovo moze iskoristiti u procesu preci§¢avanja. Na ovaj nacin, fabrika je bila u moguénosti da dodatno
iskoristi svoje potencijale i da se uz odredena ulaganja priklju¢i ovo kogeneraciono postrojenje na distributivnu mrezu u funkciji male
elektrane i to one sa obnovljivim izvorom energije. U tu svrhu kupljena su dva gasna generatora, Un =0.4 kV i P = 700 kW, sa idejom
da se priklju¢e na zaseban transformator (T1) u TS 20/0.4 kV Precista¢ koja se nalazi u krugu fabrike, a zatim dalje prikljucnim
vodom u TS 110/20 kV Senta 2.

Uslovi prikljuenja ME na distributivnu mrezu regulisani su Tehnickom preporukom br. 16 JP EPS. To znaci da svaka ME pre
dobijanja dozvole za pustanje u rad mora ispuniti kriterijume koji su propisani ovom preporukom. Saglasno tome, bilo je potrebno
izmedu ostalog izvrSiti merenja i analizu parametara kao $to su koeficijenti flikera, talasni oblik napona, sadrzaj visih harmonika
napona i struja. Takode, trebalo je izvrSiti i snimanje starta generatora i eventualnih promena uéestanosti, napona i faznog ugla koje
mogu tom prilikom da nastanu.

Za prethodno navedena ispitivanja upotrebljeni su savremeni analizatori kvaliteta elektriCne energije. Merenja su vr3ena kako
na pragu generatora (naponski nivo 0.4 kV), tako i u TS PrecCista¢ na 20 kV strani transformatora 20/0.4 kV T1. Radi poredenja,
merenja u TS Precista¢ vrdena su u dva reZima rada, sa i bez prikljuéenog generatora. Tokom merenja u reZimu sa prikljuenim
generatorom aktivna snaga koju generator predaje mrezi je menjana u rasponu od 50-100%.

Analizom izmerenih vrednosti parametara i njihovim poredenjem sa propisanim vrednostima, utvrdeno je da ova ME
zadovoljava kriterijume prikljucenja na distributivnu mrezu sa aspekta kvaliteta elektritne energije.

Kljuéne rec€i: obnovljivi izvori, kogeneraciono postrojenje, kvalitet elektricne energije, visi harmonici, fliker, mala elektrana.

MEASUREMENT AND ANALYSIS OF POWER QUALITY PARAMETERS FOR
SMALL POWER PLANT WITH COGENERATION BIOGAS PLANT

B. KOSTIC, A. NIKOLIC, Electrical Engineering Institute "Nikola Tesla", Serbia
J. RADAKOVIC, Elektrovojvodina - ED Subotica, Serbia

The paper presents the results of power quality analysis based on measurements in the small power plant with cogeneration
biogas plant, during connection to the grid.

"Alltech" factory in Senta is part of a large international company and has been producing mainly animal nutrition and baker's
yeast. As a byproduct in the production a large amount of wastewater, which is rich in anaerobic bacteria, is being created. Process
of purification of the wastewater releases biogas, which can be further used to produce electricity, and more heat that can be used
again in the process of purification. In this way, the factory was able to further exploit their potential and to connect with certain
investments this cogeneration plant to the distribution network as a small power plant and as one with a renewable source of energy.
For this purpose, they purchased two gas generators, Un = 0.4 kV and P =700 kW, with the idea to connect them to a separate
transformer (T1) in power station PS 20/0.4 kV "Precistac" which is located in the factory, and then farther with connecting cable to
the PS 110/20 kV "Senta 2".

Terms of connecting the small power plant to the distribution network are regulated by the Technical Recommendation
no. 16 of PE EPS. This means that each small power plant before the grant of start-up must meet the criteria defined by this
Recommendation. Accordingly, it was required among other things to perform measurements and analysis of parameters such as
coefficients of flicker, voltage waveform, harmonic content of voltage and current. Also, it was necessary as well to record generator
start and any change in frequency, voltage and phase angle that may arise during this.

For the above-mentioned tests modern power quality analyzers were used. The measurements were performed both on the
terminals of the generator (0.4 kV voltage level) and in PS "Precistac" at 20 kV side of transformer 20/0.4 kV T1. For comparison,
measurements in PS "Precistac" were performed in two modes, with and without the connected generator. During the measurement
mode with the connected generator active power output of the generator delivery network was changed in the range of 50-100%.

By the analysis of the measured values of the parameters and comparing them with the prescribed values, it was concluded
that this small power plant meets the criteria of connection to the distribution network in terms of power quality.

Key words: renewables, cogeneration plant, power quality, harmonics, flicker, small power plant.
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NAPONSKE PRILIKE U JEDNOSTRANO NAPAJANOJ DISTRIBUTIVNOJ MREZI SA DISTRIBUISANIM GENERATOROM

V. BECIRO\/IC, Elektrotehnicki fakultet u Sarajevu, Bosna i Hercegovina
M. HASANIC, Komisja za koncesije Federacije BiH, Bosna i Hercegovina
B. NIKOLIC, S. HANJALIC, Elektrotehnicki fakultet u Sarajevu, Bosna i Hercegovina

KRATAK SADRZAJ

Ovaj rad razmatra naponske prilike u distributivnoj mreZi koja je napajana iz moéne mreze (visokonaponske mreze (VN)) i
distribuisanog generatora (DG). Ova konfiguracija je tipiéna za ,male gradove“. Veoma Cest slucaj jeste prisustvo DG u ovim
mrezama (mala hidroelektrana, vjetrogenerator, fotonaponski sistem, itd.). DG u razmatranoj mrezi ima znadajne uticaje na
naponske prilike, a time i kvalitet elektricne energije (KEE). Cilj ovog rada je prikazati naponske prilike u jednoj realnoj mrezi, te
napraviti analizu KEE prema normi EN50160. Analizirani su kvazistacionarni rezimi mreze i scenario (varijanta) ispada DG sa
uticajem na naponske propade u niskonaponskoj mreZi. Profili napona u kvazistacionarnom rezimu su dobiveni analizom tokova
snaga (TS). Zakljucci doneSeni u ovom radu se odnose na preporuke rada DG po pitanju naponskih prilika i gubitaka snage u mreZi,
regulaciji napona iz VN mreZe i pouzdanost isporuke elektricne energije. Rad moze dati odgovor na pitanje odabira okvirne granice
snage DG u jednoj distributivnoj mrezi koja ima sli€nu konfiguraciju.

Kljuéne reci: distribuisani generator (DG), tokovi snaga (TS), kvalitet elekiricne energije (KEE), propad napona, norma EN50160.
SUMMURY

In this paper are discussed voltage conditions in the distribution network which is supplied from a powerfull network (a high-
voltage network (HV)) and a distributed generator (DG). This configuration is typical for "small towns". A presence of DG in these
networks is very common (small hydropowerplant, wind-generator, photovoltaic system, etc.). DG in this network has a significant
impact on the voltage conditions, and thus on the power quality (PQ). The aim of this paper is to show voltage conditions in a real
network, and to analyze PQ according to the standard EN50160. The quazystate regimes of the network and the scenario of DG
failure, including its impact on voltage dips in low voltage network, were analyzed. The voltage profiles in the quazystate regime were
obtained by analyzing a loadflow (LF). The conclusions of this paper refer to the recommendations of DG work in terms of the
voltage conditions and the powerloss in the network, the voltage regulation from the HV network and the reliability of electrical
energy supply. This work may provide an answer to the question of selection of an approximate boundary of DG power in a
distribution network that has a similar configuration.

Key words: distributed generator (DG), load flow (LF), power quality (PQ),voltage dips, standard EN50160.

51



VIII SAVETOVAMJE O ELEKTRODISTRIBUTIVMIM MREZAMA SRBIE sa regionalnim uéeséem
VIII CONFERENCE ON ELECTRICITY DISTRIBUTION IN SERBIA with regional participation

Venjocka Banja, 23/09/2012 - 28/09/2012 .@ [CIRED)

R-2.08

SMANJENJE PRENOSNE (NOMINALNE) SNAGE TRANSFORMATORA
U ELEKTRICNIM MREZAMA SA VISIM HARMONICIMA

M. KOSTIC, Elektrotehnicki Institut Nikola Tesla, Univerzitet u Beogradu,Srbija
KRATAK SADRZAJ

Struja koja protie kroz namotaje i opterecuje transformator stvara gubitke energije u vidu toplote. Ovi gubici su uobiéajeno
nazivaju gubici opterecenja (PL). Navedeni gubici sadrze dve (po prirodi) razliCite komponente, omske gubitke (I?R) i dodatne
gubitke opterecenja (PLLs). Dodatni gubici opterecenja su posledica rasutog fluksa koji preseca namotaje i druge metalne delove
transformatora.

Ukupni dodatni gubici snage, PLLq1, e odreduju iz ogleda kratkog spoja, PLie1 = PLL- I2R, koji se sprovodi sa strujom osnovne
frekvencije (f1). Omski gubici snage (I12R) su dominantna komponenta, a dodatni gubici snage su samo 5 - 25% ukupnih gubitaka
optereéenja, zavisno od reaktanse transformatora i transpozicije namotaja.

Dodatni gubici snage se mogu razdvojiti u dve komponente: dodatne gubitke u namotajima zbog vrtloznih struja (Peci1,) i
gubitke u sudu i drugim konstruktivnim delovima zbog polja rasipanja (PsL1n). Oni se poveéavaju sa povecanjem (reda harmonika)
frekvencije struje (fi=h-f1) koja protice kroz namotaje transformatora, tj. odgovarajuéi dodatni gubici opterecenja se izrazavaju u vidu
zavisnosti PLLah=Pec1,n-ih2h2 +PsL1 0+ in2h, za dati harmonik reda (h) i vrednost struje in=Iv/Ir. Za opterecenje sa unapred definisanim
harmonicima struje, (In/lin), vrednost ukupnih dodatnih (harmonijskih) gubitaka opterecenja se izradunava po izrazu
ZPLLdh =ZPect - (Infl1n)2h2 + ZPsL1a(Inl1n)2-h, hmax237.

Ukupni gubici opterecenja sa harmonicima u struji transformatora su dakle ve¢i nego da se racunaju za struju osnovne
frekvencije iste efektivne vrednosti. Zavisno od tipa transformatora, njegove nominalne snage i nominalnog napona, povecanje
dodatnih gubitaka moZe iznositi od 1% do 30% osnovnih omskih gubitaka (I2R=100%). Tako za transformatore u mrezama srednjeg
napona sa naponom kratkog spoja Uk =13-18%, koji ¢e biti razmotreni u ovom radu, ti gubici dostizu 25%, pri nominalnom
opterecenju sa maksimalno dozvoljenom distorzijom po struji (THDI=20%l1n).

Kljuéne re€i: Gubici opterecenja, dodatni gubici opterecenja, gubici u namotaju zbog vrtloznih struja, dodatni gubici u konstrukciji
transformatora, gubici zbog viSih harmonika, smanjenje nominalne snage transformatora.

TRANSFORMER DERATING IN ELECTRICAL NETWORK WITH HIGH HARMONICS
SUMMURY

The current flowing through the windings of a loaded transformer will create loss energy in the form heat. This is usually
known as the load loss (P.). The mentioned loss has two distinct components, resistive loss (I2R) and additional (stray) load
loss (PvLd). The additional (stray) loss is caused by the stray or leakage flux impinging on the winding and other metallic components.

The additional load losses, PLLq1, are determined by short circuit test results, Pia1 = PLi- IR, conducted at rated frequency
(f1). The resistive losses (I2R) are the dominant component at fundamental frequency (f1), and the stray load losses are responsible
for only about 5% to 15% of the total load losses, depending on the reactance of the transformer and effects of mitigation.

The additional load loss can be separated into two components: the eddy current losses in the windings (Pec1r) and stray
flux losses (Pst1R) in iron parts of construction as well as in the transformer tank walls. They are increased when current harmonic
frequency (fv=h-f1) increase, i.e. the additional load loss can be expressed in the form Prian=Pec1Rr-in?h? +Pst1r-inzh, for given
harmonic (h) and current value in=In/In. For given load with predefined high harmonics content, (In/l1r), relative to rated current, the
total additional (harmonic) load losses value 2Puiiah =2Pec1r-(In/l1r)2h2 +2Psi1r(In/l1r)?-h, is found. All harmonics up to hmax237 are
taken into account.

The total load losses for a transformer with harmonics in the current are thus greater than if calculated for the r.m.s current
some value at the fundamental frequency. It is therefore necessary to estimate the extra cooling required or alternatively the reduced
loading capability (derating) of a transformer that has harmonics in its load current. Depending on the type transformer, its capacity
and rated voltage, the increase in additional losses can vary from 1% to 30% when compared with the 2R losses (Ir2R=100%). So,
for transformer in MV network with Usc =13-18 % which will be analyzed in this paper, the additional load losses come up 25 %, at
rating load (Iw) with the most allowance current distortion (THDI=20%]1n).

Key words: Transformer load losses, additional load losses, winding eddy-current losses, stray losses in tank and other parts, high
harmonics losses, transformer power derating.
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R-2.09
FLIKERI - PROBLEMI, UTICAJ | ANALIZA REZULTATA MERENJA

R. MILANKOV, PD Elektrovojvodina Elektrodistribucija Zrenjanin Pogon Kikinda
J. CARNIC, PD Elektrovojvodina, Uprava, Novi Sad

KRATAK SADRZAJ

U radu su opisani postupci na Zalbe kupaca elektriéne energije na pojavu treperenja sijalica sa uzarenom niti za vreme
duzeg vremenskog perioda, gde se poCetak pojave poklopio sa prikljuéenjem novog kupca na konzumnom podruéiju
Elektrodistribucije Sremska Mitrovica, koja pokriva teritoriju dve opstine, Sremska Mitrovica i Sid, na oko 1449 km2 i sa oko 125000
stanovnika. Kupac elektriéne energije, pogon elektrolu¢nih peéi, instalisane snage 50 MW, direktni je uzroénik smetnji — flikera. U
radu je opisan uzrok i mesto nastanka pojave, rasprostiranje i uticaj pojave flikera, opisana su mesta merenja, prikazani rezultati
merenja i okviri standarda iz ove oblasti, dat je predlog za prevazilazenje problema. Merenja su vrSena na naponskim nivoima 110
kV, 20 kV i 0.4 kV. Meren je uticaj i prostiranje flikera po naponskim nivoima, od 110 do 0.4 kV i po geografskoj teritoriji, na razli¢itim
lokacijama i konzumima trafostanica 110/x kV u blizoj okolini, na konzumu od oko 44500 kupaca elektriéne energije.

Analizom merenih rezultata i poredenjem sa domaéim i inostranim standardima do$lo se do zaklju¢ka koliki je uticaj flikera na
Sirokom konzumu, regiji gde se nalazi kupac. Na ovaj nacin se zeli skrenuti paznja na potrebu azuriranja regulative za zasnivanje
pretplatnickih odnosa ovakvih i sli¢nih kupaca. U radu je dat i predlog kako se ovakvi problemi mogu resiti i uticaj nepozeljnog
faktora kvaliteta elektri¢ne energije svesti ispod standardima limitiranih vrednosti.

Kljuéne reéi: kvalitet elektricne energije, flikeri.
FLICKERS - ISSUES, IMPACT AND MEASURING RESULTS ANALYSES
SUMMARY

This paper describes the routine activities to the customer power quality reclamations in flickering appearance of
incandescent light bulbs with during the long period of time, where the appearance coincided with new customer connecting to the
consumption areas — Electrodistribution Sremska Mitrovica, which covers the territory of two municipalities, Sremska Mitrovica and
Sid, at about 1449 km2 and with about 125,000 inhabitants. The customer, EAF plant, installed capacity of 50 MW, is the direct
cause of interference - flickers. The paper describes the cause and place of origin effects, extent and impact of flicker phenomena,
are described of measurements, the results of measurements and the standards in this area, given the proposal to overcome the
problem. The measurements were performed at voltage levels 110 kV, 20 kV and 0.4 kV. Measured the impact and extent of flicker
by voltage levels from 110 to 0.4 kV and the geographical territory, in different locations and consumption of substations 110 / x kV in
the near vicinity, with about of 44,500 customers.

By analyzing the measured results and comparison with national and international standards we find the impact level of
flickering expressed on a wide area, the region where the customer. In this way we want to draw attention to the need for updated
regulations for the establishment of subscription relationship of similar customers. In those papers we describe how these problems
can be solved and the way how influence of undesirable factors of power quality can be reduce to below the standards of limited
value.

Key words: power quality, flickers.
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R-2.10
ELEKTROMAGNETSKA KOMPATIBILNOST ELEKTROENERGETSKIH POSTROJENJA

H. SALKIC, Z. SALKIC, D. BACINOVIC
JP ELEKTROPRIVREDA BIH d.d. Sarajevo, Elektrodistribucija Tuzla, Bosna i Hercegovina

KRATAK SADRZAJ

Elektromagnetska kompatibilnost definirana je kao sposobnost uredaja ili sistema da radi ispravno u svojoj
elektromagnetskoj okolini bez uno3enja nedopustivih elektromagnetskih smetnji u tu okolinu. Uslijed izgradenosti elektroenergetskog
sistema, komponente sistema, kao $to su vodovi i transformatorske stanice, vrlo se ¢esto nalaze u blizini drugih instalacija na koje
mogu i negativno utjecati svojim elektriénim i magnetskim poljima odnosno konduktivnim, induktivnim i kapacitivnim utjecajem. U
slu€aju priblizavanja elektroenergetskih instalacija nekim drugim, kao $to su najéeSce TK instalacije, potrebno je obaviti analizu
elektromagnetske kompatibilnosti i definirati eventualne moguce utjecaje na predmetnu infrastrukturu. U radu je posmatrana TS
10(20)/0.4 kV predvidena iskljuCivo za kablovsku (podzemnu) SN mrezu i NN izlaze, s prikljuénim vodom u blizini TK instalacija i
razmatrana potreba za izradom projekta zastite TK instalacija.

Kljuéne reci: Elektromagnetska kompatibilnost,elektroenergetsko postrojenje, telekomunikacione instalacije.
ELECTROMAGNETIC COMPATIBILITY OF ELECTRIC POWER PLANT
SUMMURY

Electromagnetic compatibility is defined as the ability of the device or system to function properly in its electromagnetic
environment without entering the intolerable electromagnetic disturbances into that environment. Due to the construction of the
electric power system, system components, such as power lines and substations, very often located near other installations that can
negatively affect their electrical and magnetic fields, or conductive, inductive and capacitive influence. In the case of approaching
some other electrical installations, such as most telecommunication installations, it is necessary to perform the analysis of
electromagnetic compatibility and define any possible effects of the relevant infrastructure. The work is considered power station
10(20)/ 0,4 kV provided exclusively for cable (underground) medium voltage network and low voltage outputs, for connecting power
line in the vicinity of telecommunication installations and discussed the need for making the project for protection of
telecommunication installations.

Key words: Electromagnetic compatibility; Power plant; Telecommunication installation.
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Izvestaj STK 3
Struéna komisija 3
EKSPLOATACIJA DISTRIBUTIVNIH MREZA
Predsednik komisije: Zarko MICIN, PD Elektrovojvodina

U okviru struéne komisije, STK br.3, Eksploatacija distributivnih mreza blagovremeno je pristiglo 15 referata. Prema zaklju¢cima
STK 3 odobreno je 15 referata koji su grupisani u éetiri preferencijalne teme i to;
1. Preventivno odrzavanje, revitalizacija i moguénosti efikasnijeg koriéenja EEO,
struéni izvestilac: Zarko MICIN, PD Elektrovojvodina
2. Iskustva u primeni nove opreme, informatickih alata, sistema zastite i odredivanja mesta kvara,
struéni izvestilac: mr Aleksandra POPOVAC-DAMLJANOVIC, PD Elektrodistribucija Beograd
3. Upravljanje mreZom u uslovima kvara
struéni izvestilac: Dragan CVETINOV, PD Elektrovojvodina, ED Novi Sad
4. Upravljanje odrzavanjem (programi za planiranje, kontrolu troSkova i angaZovanje radnika)
struéni izvestilac: Dorde GLISIC, PD Elektrodistribucija Beograd

Preferencijalna tema 1:
Preventivno odrzavanje, revitalizacija i moguénosti efikasnijeg kori§¢enja EEO:
Strucni izvestilac: Zarko MICIN, PD Elektrovojvodina

R-3.01 STARENJE TRANSFORMATORSKOG ULJA | OKSIDACIONI INDEKS: PREGLED STANJA
TRANSFORMATORA U SRBUI

Autori: K. DRAKIC, M. PAJIC, V. MANDIC, J. LUKIC

Recenzent: Prof dr R. RADOSAVLJEVIC

U radu su prikazani fenomeni starenja transformatorskog ulja analizom baze podataka fizickih, hemijskih i elektriénih karakteristika
mineralnih ulja energetskih transformatora u Srbiji u poslednjih 40 godina. Kao parametri analize uzeti su u obzir tip ulja
(inhibirano/neinhibirano), mesto u sistemu/lokacija transformatora (proizvodnja, distribucija, prenos, industrija,..) kao i naponski nivo.
Karakteristike ulja se tokom vremena menjaju i sluZe kao dijagnosticki alat za ispitivanje procesa starenja, odnosno oksidacije ulja. U
radu je prikazana zavisnost oksidacionog indeksa u funkciji vremena, kao i medusobna zavisnost pojedinih karakteristika ulja od
istog.

Pitanja za diskusiju:
1. Da li autori mogu dati preporuke za vrednosti oksidacionih indeksa pri kojima treba pristupiti regeneraciji ulja, uvazavajuci

naponske nivoe transformatora?

2. Na koji nacin samo prisustvo razli¢itih konstrukcijskih materijala uti¢e na smanjenje medupovrsinskog napona u prvim godinama
rada? Da li se tu ipak radi o raznim Cesticama, hemikalijama itd, zaostalih u aktivnom delu transformatora prilikom njegove
izgradnje, a koji dospevaju u ulje usled cirkulacije ulja, rastvaranjem ili na neki drugi nagin?

3. Dali znacajno bolje vrednosti oksidacionog indeksa preporucuje da se koriste samo inhibirana ulja prilikom zamene ulja? Koje
tipove neinhibiranih ulja je moguée inhibirati u cilju pobolj$anja oksidacione stabilnosti?

R-3.02 DIJAGNOSTIKA NEISPRAVNOSTI PROLAZNIH IZOLATORA TRANSFORMATORA PRIMENOM
TERMOGRAFSKOG ISPITIVANJA

Autori: N. SIMIC, LJ. STOJANOVIC, M. SUSIC

Recenzent: S. SPREMIC

Rad se bavi dijagnostikom neispravnosti prolaznih izolatora koriS¢enjem termografskog ispitivanja. Prikazani su zbimi rezultati za
ispitivanja u J.P. “Elektromreza Srbije”, prikaz preventivnog odrzavanja u postrojenjima hidroelektrana i prikaz dva primera
termografskog ispitivanja pri kojima su uo¢ena povecanja temperature zbog ¢ega su izvrSena dodatna ispitivanja u cilju otkrivanja ili
potvrde uzroka poveéanja temperature. Ukazano je na prednost termografskog ispitivanja zbog moguénosti ispitivanja u toku pogona
transformatora, ali i nedostatak jer razliCite smetnje kod malih razlika temperatura mogu onemoguditi pravilnu dijagnostiku.
Termografska ispitivanja kompletnog postrojenja treba da se vr§e redovno, po moguénosti u vreme maksimalnih opterecenja
elemenata postrojenja.

Pitanja za diskusiju:

1. Dali kod sluéajeva pregrevanja prolaznih izolatora gde je neophodno izvrsiti dodatna ispitivanja u cilju otkrivanja tatnog uzorka
(ili provere rezultata termografskog ispitivanja) postoje kriterijumi po kojima se odluCuje za hitna ispitivanja ili odloZzena
ispitivanja prilikom redovnog remonta?

2. Koliko je bilo hitnih intervencija u cilju otklanjanja uocenih pregrevanja prolaznih izolatora? Koliko je to u postocima ukupnog
broja termografskih ispitivanja prolaznih izolatora?

3. Na koji nagin se donosi odluka za hitno otklanjanje uoCenog pregrevanja prolaznih izolatora kod transformatora gde ne postoji
moguénost rezervisanja?
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R-3.03 PRIMENA TERMOGRAFIJE U DIJAGNOSTICI KVAROVA ENERGETSKIH TRANSFORMATORA
Autori: Lj. CICKARI'C
Recenzent: A. ANTONIC

U radu su opisane osnove termografije kao dijagnosticke metode koja na efikasan nacin moze ukazati na probleme koji se javljaju pri
eksploataciji energetskih transformatora. Dati su razlozi zbog kojih termografija mora biti prisutna u preventivnom odrZavanju
elektroenergetskih postrojenja. Kroz primere, u kojima se prikazuju i termogrami, ukazuje se na koji nagin termografska ispitivanja
mogu u ranoj fazi otkriti nedozvoljena pogonska stanja provodnih izolatora, njihovih priklju¢aka, samog transformatora, sistema za
hladjenje i druge pratece opreme, a uz kombinaciju sa ostalim ispitivanjima uz otklanjanje uogenih nedostataka produZiti Zivotni vek
energetskog transformatora.

Pitanja za diskusiju:

1. Kakva su iskustva i preporuke autora po pitanju periodi¢nosti termografskih ispitivanja energetskih transformatora u zavisnosti
od naponskog nivoa?

2. Dalije u primeru na slici br.5 desno konstatovan i otkaz zastite transformatora od strane Buholc relea?

R-3.04 MERNI TRANSFORMATORI 110 kV - PRACENJE STANJA, MERE ODRZAVANJA | STATISTICKE
RASPODELE REZULTATA GASNOHROMATOGRAFSKE ANALIZE ULJA

Autori: D. OBRADOVIC

Recenzent: D. ComIC

U radu je dat prikaz pracenje stanja mernih transformatora 110 kV na osnovu gasnohromatografske analize uzoraka ulja mernih
transformatora 110 kV sa uljnopapirnom izolacijom, zaptivenih membranama izradenim od razli¢itih materijala.

IzvrSena je detaljna analiza dobijenih rezultata GH analize i na osnovu koli¢ina i odnosa gasova kao i kvarova u prethodnom periodu
odredeni su kriti€ni merni transformatori, odnosno kritiéni tipovi mernih transformatora.

Posto su u radu delimi¢no prikazani rezultati merenja sigurno mogu posluziti svima onima koji se bave ovom problematikom, kako bi
mogli u svojim razmatranjima uzeti i njih u obzir.

Pitanja za diskusiju:

1. Koje su po Vama, iskustveno maksimalne dozvoljene koli¢ine karakteristiénih gasova u ulju mernih transformatora preko kojih je
neophodno preduzeti odgovarajuce i koje mere?

2. Da li pored parcijalnih praZnjenja i gasnohromatske analize i merenja otpora izolovanosti moZe biti zna¢ajno u oceni stanja
mernog transformatora?

3. Zasto je kod analize po Vejbulovoj raspodeli za parametar ¢ uzeta vrednost 2?

4. Koja je optimalna rezerva strujnih i naponskih transformatora 110 kV u "Elektrovojvodini” i kako ju je empirijski moguce odrediti?

R-3.05 SPECIFICNOSTI | ISKUSTVA U PRAKSI ELEKTRICNIH ISPITIVANJA ENERGETSKIH
TRANSFORMATORA 110/X kV U DISTRIBUTIVNIM POSTROJENJIMA

Autori: D. JOVANOVIC, V. RADIN, D. TESLIC, S. MARINKOVIC, B. PEJOVIC, S. MILOSAVLJEVIC

Recenzent: S. TESLIC

U radu su prikazani osnovni principi elektriCnih merenja transformatora, kao deo pra¢enja pogonskog stanja transformatora 110/x kV
distributivne veze u okviru preventivne kontrole. Dati su primeri iz prakse koji su ukazali na znacaj preventivnih ispitivanja u cilju
smanjenja pogonskog rizika i prevencije pojave havarijskih stanja. Istaknute su slabe tacke transformatora obuhvaéenih radom -
distributivnih 110/x kV i 35/x kV.

Pitanja za diskusiju:

1. Koja od osnovnih i dodatnih elektriénih merenja su deo prijemnih ispitivanja transformatora nakon proizvodnje ili ve¢eg remonta
u fabrici?

2. Prikazanim obimom elektri¢nih ispitivanja ET 110/x kV nisu obuhvaéena merenja prisustva parcijainih praznjenja. Koji je razlog?

R-3.06 OCENA POGONSKOG STANJA DISTRIBUTIVNIH TRANSFORMATORA SREDNJEG NAPONSKOG
NIVOA

Autori: V. RADIN, N. S'[OJANOVIC, N. RISTOVIC

Recenzent: N. STOJANOVIC

Kako transformator tokom pogona stari, tako se menja i njegovo unutradnje stanje Sto povecava rizik od pojave kvara. OdrZavanje
transformatora u dobrom pogonskom stanju i prevencija kvarova spadaju u prioritete elektroenergetskog sistema, a jedan od glavnih
dijagnostickih alata za to je analiza sadrzaja gasova rastvorenih u ulju transformatora (GH analiza). U radu je na prakti¢an nacin
opisana primena gasne hromatografije u dijagnostici energetskih transformatora sa opisom fenomena koji se odigravaju u ulju tokom
uobiCajenog i neuobicajenog rada transformatora.

U cilju primene adekvatne dijagnostike pogonskog stanja transformatora, uradena je statistiCka obrada rezultata sadrzaja gasova
rastvorenih u ulju kod 35 kV transformatora, distributivne mreZe Srbije (baza podataka Elektrotehni¢kog Instituta ,Nikola Tesla®) Cime
je definisan opseg tipiénih koncentracija gasova kvara za 95 % nivoom pouzdanosti. Takode je istaknut zna¢aj gasnohromatografske
analize ulja, $to omogucéava uvid u pogonsko stanje transformatora, pravovremeno otkrivanje nepravilnosti rada i odredivanje
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adekvatnog vremena za izvodenje revizie. U radu je prikazana procentualna raspodela tipiénih kvarova kod distributivnih
transformatora, kao i opis osnovnih principa dijagnostike od detekcije kvara do popravke transformatora u fabrici.

Pitanja za diskusiju:

1. Koji su po misljenju autora glavni razlozi dominacije termickih kvarova detektovanih GH analizama sa Sifrom T3 za razmatranu
kategoriju domacih energetskih transformatora, u odnosu na druge vrste kvarova?

2. U sluéajevima kada koncentracije gasova daju netipiéne Sifre kvara, koje dopunske metode se preporucuju za identifikaciju
kvara, pored pracenja prirastaja gasova?

3. U kojoj meri vreme proteklo od trenutka kvara do uzorkovanja gasa iz Buholc relea moze da uti¢e na preraéunatu ekvivalentnu
koncentraciju gasova u ulju (Ce)?

1-3.07 POTREBE DISPECERSKOG CENTRA 110/35 kV ZA UVODENJEM SAVREMENIH METODA
PREVENTIVNOG ODRZAVANJA U PD "ELEKTRODISTRIBUCIJA BEOGRAD"

Autori: M. JOVANOV, Z. JOVANOVIC

Recenzent: N. STOJANOVIC

U radu autori ukazuju na potrebu za uvodenjem savremenih metoda monitoringa i dijagnostike visokonaponske opreme.
Pitanja za diskusiju:

1. Sta podrazumeva moderni monitoring?

2. Dali postoje sluzbe koje vr§e nadzor opreme, i na koji na¢in unaprediti rad istih?

R-3.08 AKTUELAN NACIN UZEMLJENJA SN NEUTRALNE TACKE U RUMUNIJI
Autori: C. VIOREL GOIA, M. LAURENTIU GOIA
Recenzent: D. CVETINOV

U radu se opisuju razliciti nacini uzemljenja SN neutralne tace koji su primenjivani u Rumuniji u ranijem periodu podev od pedesetih
godia pro$log veka do danas. IzloZene su prednosti i nedostaci razlicitih nagina uzemljenja s obzirom na pojave visokih napona na
zdravim fazama, veliCine struje jednopolnog kratkog spoja i vrste mreze (vazduSna i kablovska). Prikazan je i kratak zakljuCak o
optimalnom izboru nacina uzemljenja u zavisnosti od navedenih parametara.

Pitanja za diskusiju:

1. Na koju vrednost struje podeSavate Petersenov kalem?

2. Sta je razlog da se zemljospojni prekidad ne koristi u veéem broju sluéajeva jer je to resenje jednostavnije od redenja sa
kombinacijom Petersen kalem - otpornik za uzemljenje?

3. Dalli se u Rumuniji koristi nacin uzemljenja SN neutralne tatke samo preko klasiénog metalnog otpornika za uzemljenje?

Preferencijalna tema 2:
Iskustva u primeni nove opreme, informatickih alata, sistema zastite i odredivanje mesta kvara
Strucni izvestilac: mr Aleksandra POPOVAC-DAMLJANOVIC, PD Elektrodistribucija Beograd

R-3.09 PRIMENA GPS SISTEMA ZA IZVESTAVANJE U PROCESIMA ODRZAVANJA U ELEKTRODISTRIBUCHJI
BEOGRAD

Autori: LJ. ADZEMOVIC, M. TANASKOVIC, L. JOVANOVIC, M. HORG

Recenzent: V. MIJAILOVIC

U radu je opisana primena sistema za izve$tavanje i registraciju dogadaja u sluzbama odrZavanja Elektrodistribucije Beograd.
Prikazani sistem za izveStavanje omogucava trenutno izvestavanje o zateCenom stanju na terenu kroz popunjeni obrazac/upitnik,
ukljuCujuci fotografije i lokaciju dogadaja. Pored efikasnog izveStavanja o dogadajima u realnom vremenu sistem za izveStavanje
daje potpuni uvid u raspored evidentiranih dogadaja i terenskin ekipa na satelitskom snimku. Primer primene sistema za
izveStavanje i registraciju dogadaja dat je za izve$taje o reviziji, remontu i kvaru na nadzemnim vodovima.

Pitanja za diskusiju:

1. Kakvi su finansijski efekti uvodenja pomenutog sistema?

2. Kako pomenuti sistem utie na bolju organizaciju preventivnog i korektivnog odrZzavanja? Kakva su iskustva u koridéenju sli¢nih
sistema u ED drugih zemalja (Japan, Nemacka, SAD)?

3. Kakvi su pokazatelji pouzdanosti objekata u EDB u poredenju sa istim pokazateljima iz napred pomenutih zemalja?

R-3.10 PRIMENA BEZBEDONOSNOG SISTEMA ZA DALJINSKI NADZOR TRANSFORMATORSKIH STANICA
ELEKTRODISTRIBUCIJE BEOGRAD

Autori: P. TASIC, S. MEDO, M. MILOJCEVIC

Recenzent: D. VUKOTIC

U radu je prikazano jedno savremeno reSenje tehnicke zastite elektroenergetskih objekata naponskih nivoa 110/10 i 35/10 kV, Sto je
Siroj struénoj javnosti moZe da bude izuzetno interesantno imajuéi u vidu trenutni stepen ugroZenosti elektroenergetskih objekata
svih naponskih nivoa. Prezentovani sistem predstavlja sveobuhvatni integrisan sistem, koji u sebi integriSe podsisteme najnovijih
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informaciono-tehnoloskih (IT) platformi: podsistem za kontrolu prisustva, podsistem za alarmni nadzor i podsistem za digitalni video
nadzor. Posebno je interesantno da je prezentovani sistem integrisan u okviru integralnog informacionog sistema (ISS) jednog
elektrodistributivnog preduze¢a, u ovom slu¢aju PD EDB, gde uspeSno razmenjuje informacije kako sa tehnickim, tako i sa
poslovnim informacionim podsistemima. Posebna akcenat je dat na neophodnu podrsku koji ovaj sistem zahteva u smislu razvoja
potrebne informaciono-telekomunikacione infrastrukture elektrodistributivnog preduzeca, buduéi da je potrebno za njegovu
integraciju obezbediti telekomunikacione puteve velikog kapaciteta, putem kojih vr§i razmena informacija standardnog formata
insistira, ali planirana razmena velike koli¢ine informacija (video-zapisa).

Pitanja za diskusiju:

1. Detaljno objasniti na koji nacin je izvrSena integracija prezentovanog sistema sa Sistemom Daljinskog Upravljanja (SDU) EDB,
imajuéi u vidu da postojeéi sistem ve¢ poseduje informacije o fizickom pristupu elektroenergetskim objektima, kao i na koji nacin
je izvr8ena sinhronizacija tih podataka.

2. Imajuéi u vidu da PD EDB poseduje izuzetno snaznu telekomunikacionu infrastrukturu, pri ¢emu je veliki broj elektroenergetskih
objekata naponskih nivoa 110 i 35 kV integrisan putem optickin telekomunikacionih puteva, nejasno je $to je u radu
prezentovano reenje u okviru TS 35/10 kV “Batajnica 2", koja je planirana da se u okviru SDU integriSe putem radio-veze i nije
planirano polaganje komunikacionog puta veceg kapaciteta. Dati planiranu strategiju u ciliu sprovodenja planova realizacije
prezentovanog reSenja u odnosu na postojecu telekomunikacionu infrastrukturu EDB, ali i planiranu infrastrukturu koja je data
Studijom razvoja telekomunikacione mreze PD EDB.

3. Sagledavajuci trenutni stepen ugrozenosti elektroenergetskih objekata PD EDB, dati kraéi osvrt na strategiju implementacije
prezentovanog reSenja.

Preferencijalna tema 3:
Upravljanje mrezom u uslovima kvara
Struéni izvestilac: Dragan CVETINOV, PD Elektrovojvodina, ED Novi Sad

R-3.11 PRIJEDLOZI RACIONALNIJEG REMONTA | OTKLANJANJA KVAROVA NA DISTRIBUTIVNIM
TRANSFORMATORIMA 20(10)/0,4 kV

Autori: N. LUKIC, S. NIKIC

Recenzent: V. CUGALJ

U radu je dat prikaz autora jednom pristupu popravke energetskih transformatora 20/10/0.4 kV snage od 50 kVA do 1000 kVA a u
sluéaju kvara regulacione preklopke. Autori posebno isticu problematiku nabavke novih regulacionih preklopki za pomenute
transformatore koji se nalaze u njihovoj distributivnoj mrezi.

Svojim radom autori su hteli ukazati na koji nacin je moguce brzo i jednostavno izvrsiti popravak ET-a izbacivanjem neispravnih
regulacionih preklopki.

Pitanja za diskusiju:

1. Da li izbacivanjem neispravne regulacione preklopke sa energetskog transformatora znaCi da je potrebno isti vratiti na
prethodnu lokaciju na kojoj se nalazio a u fiksiranom poloZaju regulatora napona?

2. Da li u sluéaju potrebe za poveéanjem snage u TS, postoji mogucnost da se demontirani transformator bez regulacione
preklopke montira u neku drugu TS?

3. Dali distributivni transformator bez regulacione preklopke drzite u pogonskoj rezervi?

4. Da li imate iskustava iz drugih elektrodistributivnih organizacija u kom procentu kvarovi na regulacionim preklopkama utiéu na
ukupan broj kvarova na energetskim transformatorima?

1-3.12 NAPAJANJE DISTRIBUTIVNOG KONZUMA TS BEOGRAD 5 U SLUCAJU ISKLJUCENJA 110/35kV
ENERGETSKIH TRANSFORMATORA T3 | T4

Autori: D. NIKOLAJEVIC, D. PETROVIC, D. ZUJOVIC

Recenzent: A. BOGUNOVIC

U radu je opisan postupak napajanija distributivnog konzuma TS Beograd 5 u slu¢aju ispada energetskih transformatora T3 i T4.

Pitanja za diskusiju:
1. Koliko vremena je potrebno da se obave neophodne manipulacije i koliko na to utuce upravljivost transformatorskih stanica?
2. Kakve je troSkove imala EDB prilikom obavljanja ovih manipulacija i koliki su?

-3.13 UPRAVLJANJE U DC 110/35 kV U SLUCAJU KVARA NA MREZI U NADLEZNOSTI PD
"ELEKTRODISTRIBUCIJA BEOGRAD"

Autori: M. JOVANOV, Z. JOVANOVIC

Recenzent: N. STOJANOVIC

U radu su opisani postupci i procedure rada dispecera u DC 110/35 kV PD "Elektrodistribucija Beograd" i upravljanja mrezom u
normalnom pogonskom stanju, kao i upravljanja mrezom u slu¢aju kvara, u zavisnosti od vrste kvara i uklopnog stanja na mrezi.

Pitanja za diskusiju:

1. Dali postoje jasno definisane procedure u slu¢aju kvara na nekom od elemenata mreze, i koji su razlozi ukoliko iste ne postoje?
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2. Dali postoji sluzba koja analizira nastale kvarove u mreZi, koliko i na kojim elementima je bilo najviSe kvarova, i kako unaprediti

rad iste?
Preferencijalna tema 4:
Upravljanje odrzavanjem (programi za planiranje, kontrolu troskova i angazovanje radnika)
Struéni izvestilac: Dorde GLISIC, PD "Elektrodistribucija Beograd"
R-3.14 GODISNJI ]’ROSKOVI ELEKTRODISTRIBUTIVNE MREZE KAO MERA EFIKASNOSTI DISTRIBUTIVNOG
PREDUZECA
Autori: S. MAKSIMOVIC, V. SILIKUT
Recenzent: S. MINIC

Rad ima jako veliki znaCaj jer se u Siroj struénoj javnosti prezentovani objektivni triSkovi distribucije elektriéne energije svedeni na
isporuéeni kWh. Cak i ukoliko bi se zanemarili trodkovi gubitaka po pojedinim distributivnim preduzeéima, vidi se da su troskovi
distribucije elektricne energije na nivou polovine cene prodate elektricne energije (ostvarena cena u 2010, godini bila je 4,96 in/kWh).
Imajuci u vidu proizvodnu cenu elektrine energije i cenu prenosa elektriCne energije, jasno je da je cena elektriéne energije
depresirana i istom metodologijom moZze se relativno jednostavno izraCunati kolika bi trebalo da bude realna cena elektri¢ne energije
da bi se zadrzao postojeCi nivo kvaliteta isporuke. Istinu govoreci, deo razlike pokrivali su i potroSaci kroz troSkove prikljuCenja na
mrezu, ali i to je samo delimi¢no.

Pitanja za diskusiju:

1. Smatram da bi trebalo izbe¢i pojam rangiranje distributivnih preduzeca, pa mozda ¢ak i mera efikasnosti jer na visinu relativnih
troSkova u velikoj meri utie prostorna raspodela potroSnje na koju distributivno preduzeée nema uticaja. Kakvo je misljenje
autora po ovom pitanju?

2. Da li autori raspolazu podacima o vrednosti pojedinih elemenata mreze (vodova odredenog tipa nadzemni — kablovski,
naponskog nivoa i TS odredenog naponskog nivoa) i ukoliko raspolazu da li su u moguénosti da izvrSe dodatne analize
osetljivosti dobijenih rezultata varirajuci stope odrzavanja i Zivotni vek po elementima mreze?

3. Dali na osnovu dobijenih rezultata autori smatraju da bi trebalo primeniti razliéit nivo izdvajanja iz prihoda od prodaje elektricne
energije za razlicita distributivna preduzeéa koji bi bio u skladu sa dobijenim rezultatima?

R-3.15 BAZA PODATAKA KAO ALAT ZA UNAPREDENJE DIJAGNOSTIKE STANJA ENERGETSKIH
TRANSFORMATORA

Autori: S. MILOSAVLJEVIC, V. POLUZANSKI, N. MILADINOVIC, J. DELIC, J. LUKIC,
D. KOVACEVIC

Recenzent: Prof dr R. RADOVANOVIC

Procesi deregulacije i liberalizacije trziSta elektrine energije postavljaju pred kompanije za distribuciju elektrine energije nove
zahteve, u smislu energetske efikasnosti, pouzdanosti i raspoloZivosti elektroenergetske opreme. U ispitivanjima i dijagnostici stanja
transformatora, prelazi se sa pojedinaénih merenja na integrisane modele, a sa vremenski planiranog odrZavanja na odrZavanje po
stanju, uz uvazavanje metoda upravijanja rizicima, procenom Zivotnog veka i korid¢enjem informacionih tehnologija. U cilju
produzenja zivotnog veka transformatora i prevencije poremacaja koji mogu dovesti do neplaniranih ispada ili havarija, uvode se
sistemi ispitivanja, dijagnostike i pracenja transformatora uvidom u stanje (condition based monitoring — CBM). Odrzavanje po stanju
je efikasno i moguée samo primenom taénih i pouzdanih metoda merenja i ispitivanja, kao i primenom baza podataka i adaptivne i
efikasne dijagnostike. U radu je dat prikaz baze podataka energetskih transformatora razvijene u Institutu »Nikola Tesla« u kojoj se
nalaze podaci o transformatorima i svim obavljenim ispitivanjima koja ¢ine sinergetsku vezu elektriénih, hemijskih i fizickih ispitivanja.
U bazi se nalaze i podaci 0 zna€ajnim pogonskim dogadajima i radovima na transformatoru, kao i rezultati post-havarijskih ispitivanja
tokom defektaze i opravke u fabrici. Veliki znaCaj primene baze podataka kao pomoénog alata u dijagnostici je primena statistickih
analiza u funkciji pogonske dijagnostike i utvrdivanje korelacija pogonske dijagnostike sa rezultatima post-mortem analiza. Ovim se
omogucava verifikacija postoje¢ih dijagnostickih metoda i sticanje novih ekspertskih znanja u datoj oblasti. U radu je prikazana
aplikacija za pristup podacima, a opisan je i znacaj primene baze u dijagnostici stanja energetskih transformatora. Definisane su
smernice za odrzavanje i azuriranje baze, kao i mogucnosti primene baze podatka za analizu rizika eksploatacije energetskih
transformatora.

Pitanja za diskusiju:

1. U kojoj meri autori mogu da daju kvantitativnu procenu uSteda dobijenih prelaskom sa pojedinaénih merenja na integrisane
metode, zamenom sa vremenski planiranog odrZzavanja na odrzavanje prema stanju (CBM) i kori§¢enjem formirane baze
podataka za transformatore elektrana u Srbiji? U kojim sluajevima treba zadrzati pojedinana merenja i vremenski planirano
odrzavanje? Kakva su iskustva autora o integralnoj ustedi s obzirom na primarna ulaganja za realizaciju integrisanih metoda i
CBM?

2. Da li autori imaju analiticke zakljucke o stepenu korelacije pogonske dijagnostike i post-mortem analiza transgormatora iz baze
podataka?

3. Koju strategiju odrzavanja, u kombinaciji sa strategijom odrzavanja prema riziku (RBI), preporu€uju autori za transformatore u
elektranama Srbije: odrZavanje prema pouzdanosti (RCM) ili totalno produktivno odrzavanje (TPM)?
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EC 3 Report
Expert Commitee 3
OPERATION AND MAINTENANCE OF DISTRIBUTION SYSTEMS
Chairman: Zarko MICIN, PD Elektrovojvodina

Commitee 3 has received 15 papers that are approved and classified into 4 groups.

1. prevention maintenance, revitalization and possibilities of better exploatation of distribution network.
2. approving experience with new equipment, IT, protection and fault location.

3. network control in fault circumstances.

4. network control (software for planning, expences costs flow and worker engagements costs)

Preferential subjects 1:
Maintenance prevention, revitalization and possibilities of better using of network
Expert rapporteur: Zarko MICIN, PD Elektrovojvodina

R-3.01 TRANSFORMER OIL AGEING AND INDEX OF OXIDATION
Authors: K. DRAKIC, M. PAJIC, V. MANDIC, J. LUKIC
Reviewer: Prof dr R. RADOSAVLJEVIC

Paper exposes phenomena of transformer oil ageing through analysis of data base (finically, chemically and electric characteristic of
transformer mineral oil in last 40 years in Serbia. Analyzes parameters were oil type (inhibited/no inhibited) and tension level too. Oil
characteristic are changed through exploitation time and serve as diagnostic materials for aging (oxidation) process testing. Paper
shows depending oxidation process on exploitation time and mutual dependents oil of its.

Questions:

1. Does author can give precipitation for oxidation index that cause regeneration of oil, considering tension levels.

2. What is the way of different construction matherials presence affect on reducing intersurface tension in firs years of
exploatation. Is there some elements, chemicals etc, resting in oil after circulation oil proces, or in some other way?

3. Does better data of oxidation index push to the use of inhibited oils only for oil replacements.

R-3.02 DIAGNOSIS OF TRANSFORMER INSULATORS IRREGULARITY APPLYING THERMOGRAPHIC
TESTING

Authors: N.SIMIC, LJ.STOJANOVIC, M.SUSIC

Reviewer: S. SPREMIC

Paper disposes irregularity of transformer insulators applying thermo graphic tests. There are shown data of testing in J.P.
“ElektromreZa Srbije”, with example of prevention maintenance in HE and two tests of thermo graphics and additional tests caused
by high temperature. There is shown advantages of thermo graphic testing, because of possibilities of testing during exploitation
process. Thermo graphic tests should be apply custom in maximum power period.

Questions:

1. Is necessary spending of additional tests during transformer overheat periods with goal to recognizing exact causes of shows
criteria for making decision for urgent tests.

2. How many urgent interventions were in purpose of reducing transformer insulators overheating. Wich is rating of it in total
thermical tests?

3. How can somebody make decision for reducing transformer insulators overheating in situation that there are no possibilities of
power reservation.

R-3.03 THERMOGRAPHY APPLYING IN TRANSFORMER FAULT DIAGNOSTIC
Authors: Lj. CICKARIC
Reviewer: A. ANTONIC

Paper describes basic of thermograph as diagnostic method, that can show transformations exploitation problems. Paper gives
causes for applying of thermograph in preventive maintenance. Through examples is shown the way of thermograph necessities and
offer ways to reveal intolerable states in transformer insulators, their contacts, transformers itself, cooling systems and other
equipments all in combination with other testing. In this way some enlarge transformers lifetime.

Questions:
1. Which are the experiences of authors in periodical thermograph tests of transformations depending of tension level?
2. s, in the example in pic.5. right, detected transformator protection pane by Buholtz rele?
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R-3.04 MEASURING TRANSFORMERS 110KV-STATE MONITORING, MAINTENANCE SCHEDULE AND
STATISTICS RESULTS OF GASCROMATIC OIL ANALYSIS

Authors: D. OBRADOVIC

Reviewer: D. COMIC

Paper shows review of 110kV transformers state monitoring in base of gascromatic oil analysis. Transformers are with paper
isolation and sealed membranes from different materials. Detail GH rezults analysis was bazed on quantity and ratio of gas and
panes. This leads to the critical transformers and transformer types.

Results can be base for people that are proffesionaly engaged in this problem.

Questions:

1. What is the maximum allowed quantum of characteristic gas that causes spending of prevention actions.

2. Does measuring of insulation resistance can be precious in estimation of transformer condition.

3. Why is taken parametar 2 in Vejbul analizys

4. Which is minimal reserve of measuring transformers in Elektrovojvodina and how it is possible to estimate it.

R-3.05 SPECIFICS AND EXPERIENCE IN TRANSFORMER 110KV/X KV ELECTRIC TESTING
Authors: D. JOVANOVIC, V. RADIN, D. TESLIC, S. MARINKOVIC, B. PEJOVIC, S. MILOSAVLJEVIC
Reviewer: S.TESLIC

Paper shows basic principles in transformer electric measurements as a part of 110kV transformer monitoring and preventive
observation. There was shows exploitation examples that lead to the regression of exploitation risks and damage prevention. There
is emphasize on bad parts of transformers 110/x kV and 35/x kV.

Questions:
1. Wich of basic and additional measuring are part of testing after producing and big repair in factory?
2. There is not shown partial . What is the reason?

R-3.06 EVALUATION OF EXPLOITATION STAT}E OF DISTRIBUTION MV TRANSFORMER
Authors: V. RADIN, N. STOJANOVIC,, N. RISTOVIC
Reviewer: Prof.dr. R. RADOSAVLJEVIC

During exploitation, transformator has process of aging, and changing of interior status. So, maintenance and prevention of
transformators have priority. One of the main diagnostic tool for it is gas in oil analysis (GH). Paper describes usage of GH analysis
in transformator analysis with description of phenomena in oil during usual and unusual transformator exploitation.

For diagnostic purposes, the statistic analizys of gas content in 35kV transformators oil (data base of institute Nikola Tesla) was
made. In this way tipicaly content of gas in oil was described. Also, there was emphasize importance of GH analysis that allowed
view in exploitation status of transformations and developing damages and right time for revisions.

Paper shows typically distribution of damages and principle description from detection to the repair in factory.

Questions:
1. Witch are the authors main reasons of GH(T3 code) analizys domination for domestic transformators in scope with other
damages.

2. Witch procedure author propose in case that gas contrentration give non tipical codes. Witch additional methods author propose
for damage identification.
3. Hot time from damage starts to the pickin gas from Bucholc can affect to the counting equivalent contents gas in oil(Ce)?

1-3.07 CONTROL CENTER 110/35 KV PD "ELEKTRODISTRIBUCIJA BEOGRAD" NEEDS FOR INVOLVING NEW
METHODS IN PREVENTIVE MAINTENANCE

Authors: M. JOVANOV, Z. JOVANOVIC

Reviewer: N. STOJANOVIC

Authors expose needs for involving new methods of monitoring and diagnostic in preventive maintenance of HV equipments.

Questions:

1. What does "‘modern monitoring” assume?
2. Are there any departmants for equipment surveillance and how can their procedure be approved.

R-3.08 ROMANIAN ACTUAL POLICY ON MEDIUM VOLTAGE NEUTRAL TREATEMENT
Authors: C. VIOREL GOIA, M. LAURENTIU GOIA
Reviewer: D. CVETINOV

This paper describes various methods of grounding neutral in MV distribution systems which were applied from the beginning of the
"fifties" until nowadays in Romania. The paper deals with advantages and lacks of these grounding methods according to apparition
of voltage increase on sound phases, single phase to ground current value either in underground network and overhead lines. Also,
the short conclusion about the optimal grounding method that depends on the mentioned parameters is shown.
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Questions:

4. What value do you adjust the current of Petersen coil?

5. What is the reason that you do not use ground fault circuit breaker in more cases because this solution is simpler than solution
with combination of Petersen coil - grounding resistance?

6. Do you in Romania use just metal grounding resistance in MV neutral?

Preferential subjects 2: experiences in application of new equipment, informatic tools, protection systems and fault location:
Aleksandra Popovac-Damljanovi¢, PD Electrodistribution Belgrade.

R-3.09 APPLICATION OF GPS SYSTEM FOR REPORTING ABOUT MAINTENANCE IN ELECTRODISTRIBUTION
BELGRADE

Authors: Lj. ADZEMOVIC, M. TANASKOVIC, L. JOVANOVIC, M. HORG

Reviewer: V. MIJAILOVIC

This paper describes the application of system for reporting and time registration of events for maintenace crew in Electrodistribution
Belgrade. This system enables momentary reporting about the situation in field through application form including photos and event
location. Also, this system beside reporting in real time shows entirely schedule in detected events and fiekld crew in satellite photos.
An example of application is shown for reports about revisions, repairs and faults on overhead lines.

Questions:

1. What are the financial effects of this system?

2. How this system affects on better organisation of preventive and corrective maintenance. What are experiences in using similar
systems in other countries (USA, Japan, Germany)?

3. What are reliable factors of substations in Electrodistribution Belgrade comparing to other mentioned countries?

R-3.10 APPLICATION OF SECURITY SYSTEM FOR SCADA OF SUBSTATIONS IN ELECTRODISTRIBUTION
BELGRADE

Authors: P. TASIC, S. MEDO, M. MILOJCEVIC

Reviewer: D. VUKOTIC

This paper shows an up-to-date solution of technical protection of substations, voltage level 110/10 and 35/10 kV, that can be
significant according to momentary degree of thefts. This system presents an integrated system of many IT subsystems: subsystem
for entry control, alarm subsystem and subsystem for digital video control. Especially, this system is integrated in the main integrated
IT system (ISS) of Electrodistribution Belgrade and successfully exchanges data with technical and non-technical subsystems.
Special emphasis is given on necessary support which this system requires in term of development of IT and telecommunication
infrastructure in utility, because this needs telecommunication lines of great capacity which are used in exchanging of information
and data (video data).

Questions:

1. Can authors explain the way of presented system integration with SCADA in utility, because SCADA already has information
about entries and access to substations and in what way this sinhronisation is realised.

2. Knowing that utility Electrodistibution Belgrade has excellent telecommunication infrastructure including great number of HV
substations integrated with optical wires, it is unclear why this paper deals with solution of substation TS 35/10 kV “Batajnica 2",
which is planned to be integrated in SCADA using radio communication but not telecommunication wire of great capacity.
Authors should give planning strategy in terms of conducting realisation of plans corresponding to existing telecommunication
infrastructure and infrastructure presented in Study of development of telecommunication network in Electrodistribution
company Belgrade.

3. According to number of unwilling accesses nowadays, can authors give a short information about implementation of this
presented solution.

Preferential subjects 3:
Fault management in MV networks
Expert rapporteur: Dragan CVETINOV, Electrodistribution Novi Sad

R-3.11 SUGGESTIONS OF RATIONAL REPAIRS AND FAULT CLEARANCES ON DISTRIBUTION
TRANSFORMERS 20(10)/0,4 KV

Authors: N. LUKIC, S. NIKIC

Reviewer: V. CUGALJ

This paper shows an approach of repair of distribution transformers 20/10/0.4 kV nominal power from 50 kVA to 1000 kVA in case of
tap changer fault. Authors emphasize on problems with the new tap changer supply for transformers which are used in distribution
network.

In other words, authors show the way of simple and fast repair of transformers by removing tap changer under fault conditions.
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Questions:

1. Does it mean, by removing tap changer from transformer, that this transformer needs to be positioned in the previous location
with fix position of tap changer?

2. Is there a possibility that transformer without a tap changer can be placed in some other substation in case of power enhance?

3. Do you keep transformer without tap changer in operational reserve?
Do authors have experience from other utilities about percentage of faults on tap changers and how this affects the total number
of faults on transformers?

1-3.12 VOLTAGE SUPPLY OF SUBSTATION TS BEOGRAD 5 IN CASE OF SWITCING OFF 110/35KV POWER
TRANSFORMERS T3 | T4 o )

Authors: D. NIKOLAJEVIC, D. PETROVIC, D. ZUJOVIC

Reviewer: A. BOGUNOVIC

This paper deals with an approuch of voltage supply of substation Belgrade 5 in case of switcing off power transformers T3 i T4.

Questions:

1. What is the time duration needed to complete the whole manipulations and how this affects management of substation?
2. What expences utility had during these manipulations and how much were they?

1-3.13 MANAGEMENT IN DISPATCING CENTER 110/35 KV IN CASE OF FAULT IN NETWORK THAT BELONGS
TO ELECTRODISTRIBUTION BELGRADE

Authors: M. JOVANOV, Z. JOVANOVIC

Reviewer: N.STOJANOVIC

This paper describes the ways and procedures of management in dispatching center 110/35 kV PD "Electrodistribution Belgrade"
under normal operating and faulty conditions according to fault type and network conditions.

Questions:
1. Are there any clearly defined procedures in case of fault on some network element and what are the reasons if they do not
exist?

2. Is there any department for analysing existing faults, how many and on what elements faults usually take place and how to
improve network operation?

Preferential subjects 4:
Maintenance management (planning programs, expences control and staff employment
Expert rapporteur: Djordje GLISIC, PD Electrodistribution Belgrade

R-3.14 ANNUAL EXPENSES OF DISTRIBUTION NETWORK AS MEASURE OF EFFICIENCY OF
ELECTRODISTRIBUTION UTILITY

Authors: S. MAKSIMOVIC, V. SILIKUT

Reviewer: S. MINIC:

This paper is significant because presented objective expences of electrical current are normalized to supplied energy in kWh. If loss
expences are neglected it is clear that distribution expences reach the half of price of energy supplied (price in 2010 was 4,96
in/kWh). According to source energy price and transmission network price, it is clear that energy price is low and using the same
metodology one can simply calculate the real price that should occur in order to keep the existing quality level of delivery. Part of
difference in price was covered by customers paying connection expences, but just partly.

Questions:

1. | think that ranging of utilities and maybe, measure of efficiency should be avoided because the level of relative expences is
mostly affected by space disposition of consumption that is not influenced by utility. What is your opinion?

2. Do authors have data about values of any element of network (lines — overhead, underground, voltage level and substation
voltage level) and can they conduct additional analyses that affect obtained results by varying maintenance and life age of any
element of network?

3. Based on obtained results, do authors think that various level of finance of income from sale should be applied for various
utilities which would be in accordance with obtained results?

R-3.15 DATA BASE AS A TOOL FOR DIAGNOSTIC OF CONDITION OF POWER TRANSFORMERS
IMPROVEMENT

Authors: S. MILOSAVLJEVIC, V. POLUZANSKI, N. MILADINOVIC, J. DELIC, J. LUKIC, D. KOVACEVIC

Reviewer: Prof R. RADOVANOVIC, PhD

Deregulation and liberalisation processes in energy market open some new requires for electrical utilities in means of energy
efficiency, relibility and operation of equipment. In testing of power transformer condition one can use integrational models instead of
each measurements and maintenance according to condition instead of planned maintenace according to time duration, taking into
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account existing risk and life time using IT technologies. In order to extand a power transformer life time and eliminate some faults
that may occur and lead to failure, systems of testing, diagnostics and observing are applied by monitoring conditions (condition
based monitoring — CBM). Maintenance according to condition is efficient and possible only by using of accurate and reliable
measurements and testing, as well as, data base and diagnostics. This paper shows power transformer data base developed by
Institute »Nikola Tesla« which contain data about transformers and conducted tests making link between electrical, chemical and
phisical tests. Base contains data about significant field events and repairings on transformer, as well as, results obtained in factory
after fault has been occured. Most significant value of data base application as an auxiliary tool in diagnosticis is application of
statistic analyses in term of operational diagnostic and confirmation of correlation of operating diagnostic with results of post-mortem
analyses. This enables verification of existing diagnostic methods and assumption of new knowledge. This paper shows application
to data access and description about significance of data base application in condition power transformer diagnostics. Also, ways of
maintenance and application of base, as well as, possibilities for usage in analysing risk of exploitation power transformers are
defined.

Questions:

1. Can authors assess savings using integrational models instead of each maintenace, maintenance according to monitoring
conditions (CBM) instead of planned maintenace according to time duration and applied data base for power transformers in
plants in Serbia? In which cases each measurements and planned maintenace according to time duration should be kept and
applied? What are experiences about integrated savings according to primary investments for realisation of integrated methods
and CBM?

2. Do authors have any analitical conclusions about correlation degree of operational diagnostics and post-mortem analyses of
power transformers from the data base?

3. What strategy of maintenance in combination with maintenance strategy according to risk (RBI) authors recommend in case of
power transformers in plants: maintenace according to reliability (RCM) or totaly productive maintenance (TPM)?
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STARENJE TRANSFORMATORSKOG ULJA | OKSIDACIONI INDEKS:
PREGLED STANJA ULJA TRANSFORMATORA U SRBIJI

Ksenija DRAKIC, Elektrotehni¢ki institut Nikola Tesla, Srbija
Marijana PAJIC, Tehnolosko-metalurski fakultet, Univerzitet u Beogradu, Srbija
Valentina MANDIC, Jelena LUKIC, Elektrotehnicki institut Nikola Tesla, Srbija

KRATAK SADRZAJ

U radu je dat prikaz analize fenomena starenja transformatorskog ulja izrazenog preko vrednosti oksidacionog indeksa.
Analizom je obuhvacena celokupna bazu podataka fizickih, hemijskih i elekiriénih karakteristika mineralnih ulja energetskih
transformatora ispitivanih u poslednjih 40 godina. Kao bitan parametar analize uzet je u obzir tip ulja (inhibirano/neinhibirano),
lokaciju (proizvodnja, distribucija, prenos, industrija,..) kao i naponski nivo. Takode je prikazana zavisnost oksidacionog indeksa u
funkciji vremena, kao i medusobna zavisnost pojedinih karakteristika ulja od istog. Dobijeni rezultati analize znagajni su sa aspekta
pravilnog odrzavanja elekiriéne opreme, pravovremenih intervencija (obrade/zamene ulja) i dijagnostike, odnosno predvidanja
buduceg radnog veka ulja.

Sposobnost transformatorskog ulja da odoli elektri¢nim, mehanickim, hemijskim i termiCkim naprezanjima kojima je izloZzeno
tokom svog eksploatacionog veka praktino zavisi od njegovih fizicko-hemijskih karakteristika. U osnovi transformatorska ulja
predstavljaju smesu preko 3000 ugljovodonika pode$enu da zadovoljavaju odgovarajuée kriterijume kvaliteta u pogledu fizicko-
hemijskih karakteristika, odnosno izdrZljivosti u odgovarajuéem rezimu rada tokom eksploatacije transformatora. Karakteristike ulja
se tokom vremena menjaju i sluze kao dijagnosticki alat za ispitivanje procesa starenja, odnosno oksidacije ulja. Tokom
eksploatacije ne menjaju se sve karakteristike ulja zna¢ajno istom dinamikom. Na primer viskoznost, boja, tacka paljenja i gustina ne
menjaju se zna€ajno u odnosu na tgd, dielektirénu ¢vrstoéu, povrSinski napon, sadrzaj kiselina. Studije su pokazale da postoji veza
izmedu neutralizacionog broja (eng. neutralization number (NN)) i medupovrSinskog napona (eng. interfatial tension (IFT)), tj sa
porastom neutralizacionog broja vrednost povrinskog napona bi trebalo da opada.

Kljuéne reci: oksidacioni indeks, neutralizacioni broj, povrSinski napon, odrzavanje.
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DIJAGNOSTIKA NEISPRAVNOSTI PROLAZNIH IZOLATORA TRANSFORMATORA PRIMENOM TERMOGRAFSKOG
ISPITIVANJA

N. SIMIC,IEI ,Nikola Tesla“, Beograd, Srhija
LJ. STOJANOVIC, PD HE Berdap*- HE Pirot, Pirot, Srbija
M. SUSIC, EI Nikola Tesla“, Beograd, Srbija

KRATAK SADRZAJ

U radu su najpre predstavljene mogucnosti primene termografskog ispitivanja na prolaznim izolatorima transformatora. Prezentovani
su rezultati ispitivanja na brojnom uzorku u viSegodiSnjem vremenskom periodu. Zatim je naveden obim poslova odrzavanja i
rezultati pojedinih ispitivanja koja su sprovedena na ovim izolatorima. Na primerima je pokazana detekcija kvarova koji se
manifestuju zagrevanjem uljno papime izolacije unutar prolaznih izolatora transformatora. Opisane neispravnosti u duzem
vremenskom periodu uti€u na ubrzano starenje izolacije, curenje transformatorskog ulja, a mogu izazvati i havarije. Za navedene
primere dat je uporedni prikaz rezultata termografskog ispitivanja i ispitivanja elektriénog instalacionog sistema prolaznih izolatora, te
omskih otpora namotaja energetskog transformatora. Na kraju je ukazano na dalju potrebu za preventivnim odrzavanjem i
kombinovanjem vise ispitnih metoda.

Kljuéne re€i: kvar, prolazni izolator transformatora, toplo mesto, faktor dielektri¢nih gubitaka, omski otpor namotaja.
DIAGNOSTIC OF BUSHING FAILURES USING THERMOGRAPHIC INSPECTION
SUMMARY

In the first instance, this paper presents the possibilities of applying thermographic testing on bushings. It presents the results of
tests performed during many years’ period on numerous samples. Next, it quotes the extent of maintenance works and the results of
particular examinations of these types of bushing. Through specific examples, it shows the presence of malfunctions which are
manifested by oil-paper insulation heating within bushings. In case that they have existed for a long time, they prompt on faster
insulation degradation, transformer oil leakage and can cause fire and explosion. Comparing the results of thermographic inspection,
transformer winding resistance tests and bushing insulation electrical system tests are also given. Finally, it emphasizes the
importance of serious approach to preventive maintenance of bushings and the importance of combining different inspection
methods.

Key words: malfunction, bushing, hot spot, dielectric loss factor, transformer winding resistance.
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R-3.03
PRIMENA TERMOGRAFIJE U DIJAGNOSTICI KVAROVA ENERGETSKIH TRANSFORMATORA
LJ. CICKARIC, Elektrotehnicki institut “Nikola Tesla”, Beograd, Srbija
KRATAK SADRZAJ

Termografija je danas jedna od dominantnih metoda u dijagnostici kvarova u industriji i elektroprivredi. Prednost ove metode
je Sto se sprovodi u toku normalnog rada postrojenja bez zaustavljanja ili ometanja funkcionisanja elemenata ili aparata. lako stepen
zagrejanosti nije uvek idealan indikator problema u elementima elektricnog sistema, izraZzeno grejanje usled pove¢anog elektriénog
otpora Cesto prethodi kvarovima. U elektroprivrednim objektima se dijagnostika termickog stanja postrojenja i opreme ostvaruje kroz
sistematska termografska ispitivanja u sklopu programa preventivnog odrzavanja. Time se omogucava plansko obavljanje remonata
i smanjenje troSkova ukupnog odrZavanja. Termografsko pracenje termi¢kog stanja u potpunosti zadovoljava zahteve savremenih
tehnolo3kih reSenja i eksploatacije opreme. U radu su prezentovani primeri ispitivanja i kontrola energetskih transformatorima, gde je
termografija uvedena kao dijagnostitka metoda ili kao pomoéna metoda, koja dalje inicira ispitivanja drugim metodama. Primena
termografije je proizasla iz dugogodisnjeg rada na ovom polju, koriste¢i se bogatim iskustvima i zapazanjima korisnika tokom
pracenja stanja opreme u eksploataciji.

Kljuéne reci: termografija/termovizija, temperatura, dijagnostika, preventivno odrzavanje, energetski transformator.
APPLICATION OF INFRARED THERMOGRAPHY IN DIAGNOSTICS OF POWER TRANSFORMER THERMAL FAULTS
SUMMARY

Thermography is one of the most powerful tools available for electrical power system maintenance. Real-time infrared image
acquisition and processing allows implementation of advanced thermographic test methods. The detailed infrared analysis in the
most cases can quickly determine the origin of the function-related problem causing. Systematic thermovision control was introduced
into regular maintenance of installed equipment in order to enable the regular detection of faults. Long-term experience was gained
in diagnostics of external as well as internal faults on power system elements and devices. The paper presents examples of
irregularities in power transformers. This diagnosis is made on the basis of irregularities manifested on the surface of device.
Because of that, analysis required a complex methodology and different criteria for the fault estimate. Each case is described in
details and illustrated with data and thermographs.

Keywords: thermography/thermovision, temperature, diagnostics, preventive maintenance, power transformer.
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MERNI TRANSFORMATORI 110 kV - PRACENJE STANJA, MERE ODRZAVANJA | STATISTICKE RASPODELE REZULTATA
GASNOHROMATOGRAFSKE ANALIZE ULJA

D. OBRADOVIC, EPS - P.D. "Elektrovojvodina” - Sektor eksploatacije Uprave, Srbija
KRATAK SADRZAJ

U poslednjim godinama je na velikom broju mernih transformatora 110 kV obavljena GH analiza ulja u cilju pracenja stanja.
Na osnovu koli¢ina i odnosa pojedinih gasova moZe se odrediti vrsta kvara, a uvazavaju¢i maksimalne dozvoljene koli¢ine date u
standardu ifili preporuci proizvoda¢a razmatrajuci i podatke o kvarovima, starosti opreme i drugih merila, moze se doneti odluka o
potrebi vr3enja nekog od radova (zamena ili reparacija). Prikazani su kvarovi u poslednjih 9 godina. Na osnovu utvrdenog stanja, a
nakon nabavke strujnih i naponskih transformatora 110 kV u prvoj polovini 2011. godine je izvrSena zamena veceg broja strujnih i
naponskih memih transformatora 110 kV tipova koji su bili najloSiji prema GH analizi (sa velikim koli¢inama nekoliko gasova), a koji
su takode imali najveéi broj kvarova. Ovom zamenom je veci broj strujnih i naponskih transformatora 110 kV koji se koriste za
merenje preuzete elektricne energije koji su imali vecu klasu taénosti doveden u klasu trazenu po postojecim propisima. Pored ovog
prilikom cilianih GH analiza je pronadeno nekoliko mernih transformatora 110 kV koji su imali parcijalna praznjenja ili visok sadrzaj
vode i isti su zamenjeni. MoZe se pretpostaviti da zahvaljujuéi ovim radovima u 2011. godini i radovima u prethodnim godinama nije
bilo kvarova strujnih i naponskih mernih transformatora 110 kV u 2011. godini. Koriste¢i veliki uzorak mogu se odrediti i opsezi
tipicnih koli¢ina gasova na razliCite nacine. Za nekoliko karakteristi¢nih tipova strujnih i naponskih mernih transformatora su
prikazane i razmotrene statistiCke raspodele gasova. StatistiCke raspodele gasova mogu biti koriS¢ene za odredivanje opsega
tipiénih koli€ina karakteristicnih gasova i maksimalnih dozvoljenih koli¢ina preko kojih je neophodno preduzeti odgovarajuée mere.
ZakljuCak je da se i u narednom periodu mora nastaviti sa pracenjem stanja strujnih i naponskin mernih transformatora 110 kV
vrSenjem povremenih GH analiza ulja i merenjem parcijalnih praznjenja. Prilikom redovnih remonata obavezno je izvrSiti detaljan
pregled kompletnog mernog transformatora. U slu¢ajevima curenja ulja neophodno je, ukoliko postoji moguénost, $to pre izvrsiti
zaptivanje na licu mesta, a u suprothom zamenu. Odgovarajuéi broj mernih transformatora 110 kV mora biti uskladiSten na rezervi.

KLJUCNE RECI: Memi transformator, Stanje, Odrzavanje, Statistika, Raspodela.

INSTRUMENT TRANSFORMERS 110 kV — CONDITION MONITORING, MAINTENANCE ACTIONS AND STATISTICAL
DISTRIBUTIONS OF DISSOLVED GAS ANALYSIS RESULTS OF OIL

SUMMARY

In recent years a large sample of dissolved gas analysis (in folowing text: DGA) of oil from instrument transformers 110 kV
was accomplished in order to condition monitoring. Based on quantities of gases and gas ratios it is possible to determine type of
defect, and with respect of maximal permissive quantities given at standard and/or producer recommendation and with consideration
of malfunction data, equipment age and other criterions it is possible to decide about need for action (replacement or reparation).
Malfunctions in last 9 years are showed. Based on established condition, after purchase of current and voltage transformers 110 kV
in the first half of 2011t was done replacement of large number of current and voltage transformers 110 kV of types which have the
worst results of DGA (with big quantities of several gases), and which are also have uttermost number of malfunctions. This
replacement brought most of instrument transformers 110 kV which have higher rated class to rated class demanded by actual
regulations. Beside that during targeted DGA several instrument transformers 110 kV with partial discharging and higher water
quantity were found and they are replaced. It can be assumed that due to actions in 2011t and actions carried out in previous years
there were no malfunctions of current and voltage transformers in 2011t. Using huge sample it is possible to determine ranges of
typical concentration values on different ways. For several specific types of current and voltage transformers statistical distribution
are showed and considered. Statistical distribution of gases could be used to determine ranges of typical concentration values and
maximal permissive quantities beyond whom is necessary to undertake appropriate measures. Conclusion is that afterward should
be continued with condition monitoring, performing periodical DGA and partial discharging measurements. During ordinarily revisions
deatiled visual inspection of instrument transformer is obligatory. In cases of oil leaking of instrument transformer it is necessary to
seal it as soon as possible if it is possible on site, otherwise replace instrument transformer. Adequate number of instrument
transformers 110 kV must be stored for reserve.

Key Words: Instrument transformer, Maintenance, Statistic, Distribution.
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ISKUSTVA U PRAKSI ELEKTRICNIH ISPITIVANJA ENERGETSKIH TRANSFORMATORA 110kV/x U DISTRIBUTIVNIM
POSTROJENJIMA

P. JOVANOVIC, V RADIN, D. TESLIC, S. MARINKOVIC, B. PEJOVIC,
Elektrotehnicki institut ,Nikola Tesla“, Beograd, Srbija

KRATAK SADRZAJ

U radu su prikazana prakti¢na iskustva pri elektriénim ispitivanjima preventivne kontrole energetskih transformatora (ET)
naznacenog napona 110kV/x u transformatorskim stanicama distributivnih postrojenja.

Pored obima i opisa elektri¢nih ispitivanja koja Laboratorija za izolacione sisteme Instituta "Nikola Tesla" primenjuje u praksi
preventivne kontrole, opisani su i pojedini slucajevi iz prakse.

U radu se teZi da se pokaZe prednost objedinjenog tumacenja rezultata ispitivanja traformatorskog ulja, posebno odredivanja
sadrZaja rastvorenih gasova primenom metode gasne hromatografije, sadrzaja furana i vode u ulju, ispitivanja dielektriéne ¢vrstoce i
rezultata svih elektricnih ispitivanja u cilju pravilne procene pogonskog stanja. Na osnovu toga se procenjuje spremnost ET za
nastavak pogona ili daje preporuka za intervenciju radi spre€avanja moguce havarije. Ovakav pristup podrazumeva saradnju
inzenjera elektrotehnicke i hemijsko-tehnoloke struke.

Takode su navedene i pojedine specificnosti vezane za odrzavanja ET naznacenog napona 110kV/x u odnosu na ET
naznacenog napona 35kV/x, posebno zbog postojanja uvodnih (provodnih) izolatora 110kV, teretnih regulatora napona (TRN),
odnosno odvodnika prenapona 110kV.

Kljuéne reci: energetski transformator, izolacija, izolaciona ulja, preventivna kontrola, gasna hromatografija, teretni regulator
napona, preventivno odrZavanje, procena pogonskog stanja.

PRACTICAL EXPERIENCES OF ELECTRICAL TESTING OF POWER TRANSFORMERS 110kV/x IN DISTRIBUTIVE
SUBSTATIONS

ABSTRACT

The practical experiences of electrical testing as a part of preventive control of power transformers 110kV/x in transformer
station of electrical power distributive companies are presented in this paper.

The list and full description of electrical tests which are in practice of preventive testing in the Laboratory for insulation
systems Institute “Nikola Tesla” and some case studies are also given.

In this paper, authors tend to emphasize the advantage of complex interpretation of insulation oil chemical testing results,
especially results of gas chromatography (DGA), water and furanic compounds content, dielectric strength of oil and results of all
performed electrical tests in order to get a reliable estimation of present operating condition. The estimation of the readiness of the
tested distributive transformer for continuation of service or recommendation for maintenance interventions which is needed to
prevent possible failure are based on that. The suggested approach means close cooperation both electrical and chemical
engineers.

This paper also has been pointed to some differences in the maintenance of distributive transformers 110kV/x in the respect
of the distributive transformers 35kV/x, due to presence of the bushings rated voltage 110kV, on-load tap changers (OLTC) and
110KV voltage arresters.

Key words: power transformer, insulation, insulation oil, preventive control, DGA, OLTC, preventive maintenance, condition
assesment.
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R-3.06
OCENA POGONSKOG STANJA DISTRIBUTIVNIH TRANSFORMATORA SREDNJEG NAPONSKOG NIVOA

V. RADIN, Elektrotehnicki Institut ,Nikola Tesla“, Srbija
N. STOJANOVIC, N. RISTOVIC, PD “Elektrodistribucija Beograd” d.o0.0, Srbija

KRATAK SADRZAJ

Kako transformator tokom pogona stari, tako se menja i njegovo unutradnje stanje Sto povecava rizik od pojave kvara.
Odrzavanje transformatora u dobrom pogonskom stanju i prevencija kvarova spadaju u prioritete elektroenergetskog sistema, a
jedan od glavnih dijagnosti¢kih alata za to je analiza sadrzaja gasova rastvorenih u ulju transformatora (GH analiza). U radu je na
praktiCan nacin opisana primena gasne hromatografije u dijagnostici energetskih transformatora sa opisom fenomena koji se
odigravaju u ulju tokom uobi¢ajenog i neuobi¢ajenog rada transformatora.

U cilju primene adekvatne dijagnostike pogonskog stanja transformatora, uradena je statisticka obrada rezultata sadrzaja
gasova rastvorenih u ulju kod 35 kV transformatora, distributivne mreze Srbije (baza podataka Elektrotehni¢kog Instituta ,Nikola
Tesla") ¢ime je definisan opseg tipi€nih koncentracija gasova kvara za 95% nivoom pouzdanosti. Takode je istaknut znacaj
gasnohromatografske analize ulja, $to omoguéava uvid u pogonsko stanje transformatora, pravovremeno otkrivanje nepravilnosti
rada i odredivanje adekvatnog vremena za izvodenje revizije. U radu je prikazana procentualna raspodela tipiénih kvarova kod
distributivnih transformatora, kao i opis osnovnih principa dijagnostike od detekcije kvara do popravke transformatora u fabrici.

Kljuéne re€i: dijagnostika transformatora, gasnohromatografska analiza, sadrzaj gasova, transformatorsko ulje, vrste kvarova.
DIAGNOSTICS OF DISTRIBUTIVE POWER TRANSFORMER FOR MV/LV
ABSTRACT

During transformer service, ageing process of active part and other components cause the increase of risk of failure.
Maintenance of transformers in good working condition and failures prevention is a very important task for electrical power system.
Dissolved gas analysis (DGA) is the most important diagnostic tool in determining the transformer condition. This paper describes, in
a practical way, application of dissolved gas analysis in diagnostics of power transformers. It also describes phenomena of gas
forming in transformers during regular operating condition and when failure is suspected and in development.

In order to achieve reliable diagnostics, DGA data base statistical analysis has been done for 35 kV transformers of Serbian
distributive network (data base of Electrical Engineering Institute ,Nikola Tesla®). Limiting value for 95% interval of confidence were
determined using statistical analysis of IEENT data base. Significance of DGA is emphasized, being valuable diagnostic tool for
evaluation of transformer working condition which gives opportunity to discover potential faults in early stage. Percentage distribution
of typical faults in distributive network transformers has been given, along with basic diagnostic and maintenance strategy from fault
detection to the transformer repair.

Key words: transformer, diagnostics, dissolved gas analysis, DGA, insulating oil, fault detection.
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POTREBE DISPECERSKOG CENTRA 110/35 kV ZA UVODENJEM SAVREMENIH METODA PREVENTIVNOG
ODRZAVANJA U PD ELEKTRODISTRIBUCIJA BEOGRAD

M. JOBAHOB, 3. JOBAHOBUHR
lMpuBpeaHO APYLUTBO 3a ANCTPUDYLM]y enekTpuyHe eHepruje ,Enextpoanctpubyuuja beorpan” .0.0. beorpag, Cpbuja

KPATAK CALIPXKAJ

Y yBOAHOM [eny paja Cy YKpaTko onucaHe MeTofe TpaguLMOHamnHOr ofpxaBara eNnekTpOeHepreTcke onpeme koje ce
npumeryjy y lNMpuepeoHom OpywTBy 3a AucTpubyumjy enektpudHe eHepruje ,Enektpogmctpubyumja Beorpag® a.0.0. beorpag, u
ycrnen uvje npuMeHe je, NO MULLIbEHY ayTopa, MOY3HaHOCT pafda enekTpoeHepreTckor cuctema y Hagnexsoctn MO EOB* Ha
3agoBeorbaBajyhem HuBoy. MefyTim, MCTOBpemeHo, yBuUAeBLWN noTpeby 3a noamsareM CTENeHa Moy3gaHoCcT paja, Y garbem
TEKCTY, ayTOpU M3HOCE MULLTBbEHE Aa j& HEOMXOAHO W yBONEHe CaBPEMEHNX METOAA MOHWUTOPKHIA W AMjarHOCTVKE BUCOKOHAMOHCKE
onpeme ca CBUM NPeaHOCTUMA Koje OHO Mpyxa.

KrbyuHe peuu: ogpxasatse, notpeba, caBpemMeHe MeToge.

THE 110/35 kV DISPATCH CENTRE’S NEED TO INTRODUCE THE STATE OF THE ART PREVENTIVE MAINTENANCE
METHODS IN THE ELECTRIC POWER DISTRIBUTION COMPANY PD ELEKTRODISTRIBUCIJA BEOGRAD

SUMMURY

In the first part of the report traditional methods of maintenance of high voltage equipment applied in the Company for
electricity distribution "Electrodistribution” Itd Belgrade are explained, and by using which, in the authors opinion, reliability of
electrical system of "Electrodistribution” is satisfactory. However, at the same time, seeing the need for increasing the level of
reliability in work, in the other part of the report, authors give the opinion that modern methods of monitoring and diagnostics of high
voltage equipment are needed in further work with all the advantages that they bring.

Key words: maintnance, need, modern methods.
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R-3.08
ROUMANIAN ACTUAL POLICY ON MEDIUM VOLTAGE NEUTRAL TREATMENT

Calin Viorel GOIA, ICEMENERG
Miron Laurentiu GOIA, CNR/CME, Bucarest-Romania, mirongoia@gmail.com

ABSTRACT

Single line-to-ground faults are the main type of failures in the medium voltage (MV) distribution systems. Those faults
consequences depend on the chosen method for the neutral treatment (grounding)of the neutral point of the network.If the low
impedance grounding is the preferred Anglo-French method, the resonant grounding is the commonly used one, for the rural
distribution system in the Central, Northern and Eastern Europe,including Romania, Serbia and other countries.

The paper presents the evolution of the methods applied to the Romanian MV networks neutral treatment (grounding), the
basic criteria of this evolution and the recent improvements in the field,based on the last twenty years of own experience.

In the 50’ s and 60’ s years,the isolated neutral/Petersen coils was used,without positive operational experience,caused on
poor level of isolation of both aerian and cable networks.Conseqvently, afterwards, in the 70’ s years, the neutral indirectly grounded
was largely promoted,applied both to the underground and overhead lines. These methods were not entirely satisfactory,
augmenting the number of the supply interruptions of the consumers. The solutions analised were not only those already known in
the literature, but also several unconventional ones, proved through on line network tests in the medium voltage networks of high
power plants

On the basis of the existing literature information and trends and using our own experience in this field,and considering the
recents evolutions in the field of network solutions of automation and protection, the tendencies regarding the neutral grounding in
overhead and underground networks were separated.

All these experienced solutions are presented in detail,conseqvently, the optimals were adopted as Romanian 's policy for
the near future indifferent of the category of the owner of the network.

The technological development and the network evolution may change this optimal solution in the future.

Key Words: neutral grounded through resistor; arc suppression coil - (petersen) grounding resistor technical policies.
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R-3.09

NPUMEHA 'MC CUCTEMA 3A U3BELUTABAKE
Y NPOLIECUMA OIPXKABAbA Y ENKTPOANCTPUBYLIUJU BEOTPALL

Jbyouwa ALIEMOBW, luanja JOBAHOBU, Mupocnae XOPT, JiueoHa“ 4.0.0., beorpaa, Cpbuja
Op Munagni TAHACKOBW, M1 Enextpoguctpubyunja-beorpag’, beorpag, Cpbuja

KPATAK CAOPXAJ

Y unaHKy je onucaH mpumep NMpUMEHe CucTeMa 3a M3BeluTaBare M pernctpauujy porahaja y cnyxbama oppxasarba
EnextpoauncTpubyumje Beorpag. MpukasaHu cuctem 3a u3BelTaBare oMoryhyje TpeHyTHO M3BeLLTaBakbe O 3aTEYEHOM CTaky Ha
TEPeHy Kpo3 nonykeHn obpasau/ynuTHuk, ykrbydyjyhu dotorpadmje u nokauujy forahaja. Mopen edmkacHor n3selTaBarba 0O
porafjajuma y peanHoM BpeMeHy CUCTEM 3a M3BELLTaBare aje NOTNyHW yBUA Y pacrnopen eBuaeHTMpaHux gorafaja u TepeHckux
eKuna Ha CaTenuTCKOM CHUMKY. Y OBOM unaHKy npuMep NpuMeHe CucTeMa 3a W3BeluTaBare W peructpauujy gorafaja gar je 3a
W3BeLLTaje O PeBM3nju, PEMOHTY 1 KBapy Ha Haf3eMHVM BO4OBMMA.

KrbyyHe peum: Municipal Reporter, OpgpxaBatbe, [mobantm Moauuymonu Cuctem, IMC.

USING GPS BASED FIELD REPORTER SYSTEM FOR MAINTENANCE IN ELECTRICITY
POWER DISTRIBUTION COMPANY OF BELGRADE

ABSTRACT

The article describes an example usage of GPS based system for reporting and recording various maintenance events in the
field in maintenance departments of Electric power distribution company of Belgrade. The system allows immediate transfer of
maintenance relevant information from the field, using electronic forms, digital photographs and GPS location of the event. Except for
efficient event reporting in real time, the system presents event and field crews location on a satellite image maps. The article
describes typical examples of overhead network inspection, planned repairs and incident reporting.

Key words: Municipal Reporter System, Maintenance, Global Position System, GPS.
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R-3.10
PRIMENA BEZBEDONOSNOG SISTEMA ZA DALJINSKI NADZOR TRANSFORMATORSKIH STANICA
ELEKTRODISTRIBUCIJE BEOGRAD

P. TASIC, S. MEDO, PD Elektrodistribucija Beograd, Srbija
M. MILOJCEVIC, Solutis Beograd, Srbija

KRATAK SADRZAJ

U radu je opisana primena integrisanog sistema za daljinski nadzor transformatorskih stanica 35/10 kV/kV Elektrodistribucije
Beograd, koji obuhvata kontrolu prisustva, alarmni nadzor i digitalni video nadzor. Uredaji su postavljeni u dvadeset objekata, i
predstavljaju relaizaciju projekta ugradnje za ceo konzum Elektrodistribucije Beograd, u Sezdeset Cetiri transformatorske stanice. Dat
je opis montiranog uredaja na objektima, i nacin funkcionisanja sistema.

Kljuéne re€i: Transformatorska stanica, nadzor, alarmna dojava.

APPLICATION OF THE INTEGRATED SECURITY SYSTEM FOR REMOTE MONITORING OF TRANSFORMER SUBSTATIONS IN
»ELEKTRODISTRIBUCIJA BEOGRAD*

SUMMURY

This paper describes the application of the integrated system for remote controlling of transformer substations 35/10 kV/kV in
“Elektrodistribucija Beograd”, which includes control the presence, alarm monitoring and digital video monitoring. The devices were
installed in twenty objects and represent the realization of project in consumer area ,Elektrodistribucija Beograd®, in sixty four
transformer substation. The paper describes the device set on the object, the device that is designed with modern technology, and
way of operation system. Mounting of these devices, with alarm alert, reliability objects that are monitored is increased.

Key words: Transformer substation, monitoring, alarm alert.
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PRIJEDLOZI RACIONALNIJEG REMONTA | OTKLANJANJA KVAROVA NA DISTRIBUTIVNIM
TRANSFORMATORIMA 20(10)/0.4 kV

N. LUKIC, S. NIKIC
ZP ,ELEKTROKRAJINA® a.d. Banja Luka, Republika Srpska, BiH

KRATAK SADRZAJ

Analizom podataka o kvarovima na pojedinim konstruktivnim dijelovima transformatorima i na osnovu dugogodi$njeg
iskustva na poslovima revizije, remontovanja i ispitivanja distributivnih transformatora u radu ¢e se predstaviti aspekti racionalnijeg
pristupa u obavljanju navedenih poslova sa jedne strane, a sa ciliem poveéanja pouzdanosti distributivnog trnasformatora u
srednjenaposnkom elektroenergetskom sistemu sa druge strane.

Na osnovu podataka o kvarovima na distributivnim transformatorima veéina kvarova se deSava na strani viSeg napona, i to
na sljedec¢im konstruktivnim elementima: VN namotajima, regulacinoj preklopci i preklopci za promjenu naponskog nivoa 20(10) kV.
U radu ¢ée se opisati svaki od ovih elemenata i predloziti idejna rjeSenja na osnovu kojih ¢e se, prilikom remonta, djelovanjem na
pojedinaéne elemente povecati pouzdanost rada transformatora u cjelini.

Kljuéne rijeci: distributivni transformator, kvar, remont, pouzdanost, VN namotaji, regulaciona preklopka.
PROPOSED RATIONAL REPAIR AND ELIMINATE FAULT ON DISTRIBUTION TRANSFORMERS 20 (10) / 0.4 kV
SUMMARY

Analysis of data on failures in some parts of transformers constructive and based on years of experience in auditing, rebuild
and testing of distribution transformers, the paper will present aspects of the rational approach in carrying out these activities on the
one hand, and with the aim of increasing the reliability of the distribution trnasformatora srednjenaposnkom in power system on the
other.

On the basis of data on failures of distribution transformers majority of failures occurs on the higher voltage, and the following
structural elements: HV winding, tap changer and tap changer to change the voltage level of 20 (10) kV. The paper will describe
each of these elements and propose a preliminary design based on which will be in repair, by acting on the individual elements to
increase the reliability of the transformer as a whole.

Key words: distribution transformer, failure, maintenance, reliability, HV winding, tap changer.
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NAPAJANJE DISTRIBUTIVNOG KONZUMA TS BEOGRAD 5 U SLUCAJU ISKLJUCENJA 110/35 Kv
ENERGETSKIH TRANSFORMATORA T3 | T4

D. NIKOLAJEVIC, D. PETROVIC, D. ZUJOVIC
Elektrodistribucija Beograd, Srbija

KRATAK SADRZAJ

Dobar deo konzuma grada Beograda, koji se geografski nalazi na levoj obali Save se napaja iz transformatorske stanice
220/110/35kV Beograd 5. Svaki kvar ili planirani rad koji podrazumeva iskljuenja 110/35kV transformatora T3 i T4, dovodi do
otezanog napajanja konzuma zbog deficita u snazi i male propusne moéi na distributivnoj mrezi. Upravo je to bio slu¢aj pocetkom
septembra 2011. godine, kada je zbog rekonstrukcije drugog segmenta 110kV sabirnica u starom delu postrojenja prema poljima
trafoa T3 i T4 u Elektrodistribuciju Beograd stigao zahtev Regionalnog dispecerskog centra Beograd za iskljuéenje transformatora
T3 i T4 u TS Beograd 5. Meteoroloske okolnosti su bile krajnje nepovoline sa izuzetno visokim temperaturama. Konzum
Elektrodistribucije Beograd koji se napaja sa TS Beograd 5 snage od ~67 MVA je bilo neophodno prenapoijiti preko distributivne
mreze. U svom planu razvoja 110kV distributivne mreze Elektrodistribucija Beograd je predvidela izgradnju TS Beograd 41 koja bi
trebala da pokrije trenutni deficit od preko 20MVA u slugaju ispada 35kV mreze koja se napaja sa TS Beograd 5. S obzirom da je
ova transformatorska stanica u statusu izgradnje, Sluzba operativne energetike Elektrodistribucije Beograd je u saradnji sa RDC
Beograd i Cvoristem, koordinacionim telom gradske skup$ine za komunalne poslove, krenula u potragu za najpovoljnijim operativnim
reSenjem, koje bi rezultiralo pouzdanim napajanjem $to veceg broja potroSaca preko distributivne mreze.

Ovim radom je predstavljeno reSenje prenapajanja distributivnog konzuma TS Beograd 5 uz minimalne gubitke u letnjem
periodu.

Kljuéne reéi: distributivna mreza, prekid napajanja, pouzdano snabdevanje, deficit snage.

DISTRIBUTION NETWORK SUPPLY IN CASE OF FAILURE OF 110/35 kV SUBSTATION
PART IN TS BEOGRAD 5

SUMMARY

A good part of the consumption of Belgrade, which is geographically situated on the left bank of Sava river is powered by the
substation 220/110/35kV Beograd 5. Any failure or planned work, which includes the exclusion of 110/35kV transformers T3 and T4,
leads to difficulties in power consumption due to deficiencies in strength and low bandwidth of the distribution network. That was the
case in early September 2011 when in the Belgrade electric utilities company “Elektrodistribucija Beograd” arrived the request of
Belgrade Regional Dispatching Center for the reconstruction of the second segment of 110kV bus in the old part of the plant
connected with transformer fields T3 and T4. The request included the exclusion of transformers T3 and T4 in TS Beograd 5.
Weather conditions were extremely unfavorable due to high temperatures. Consumption that was powered with TS Beograd 5 was
nearly 67 MVA, and it was necessary to provide additional energy through the distribution network. In its 110kV development plan
Elektrodistribucija Beograd envisaged the construction of TS Belgrade 41. TS Beograd 41 should cover the current deficit of over
20MVA in case of failure of the 35kV network which is supplied with TS Beograd 5. Given that this substation is in the status of
construction, authorized department in Elektrodistribucija Beograd went in search of the best operational solution, which would result
in reliable power supply through the distribution network of as many consumers.

This paper presents a solution to the distribution network supply of 35kV consumers of TS Beograd 5 with minimal losses
during the summer period.

Key words: distribution network, supply failure, reliable supply, power deficit.
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1-3.13

YNPABIbAKE Y fiL| 110/35kV Y CITYYAJY KBAPA HA MPEXW Y HAONEXHOCTWU NMPUBPEQHOI [PYLLUTBA 3A
AUCTPUBYLUWJY ENEKTPUYHE EHEPTUJE ,,ENEKTPOAUCTPUBYLIWJA BEOIPAL" [1.0.0. BEOTPA[

M. JOBAHOB, 3. JOBAHOBUHR
lMpuBpeaHO APYLUTBO 3a ANCTPUbYLMjy enekTpuyHe eHepruje ,Enextpoamctpubyumja beorpag” 4.0.0. beorpag, Cpbuja

KPATAK CALIPXKAJ

Y pagy cy, yKkpaTko, OnucaHK NoCTynum 1 npoueaype paga aucnevepa y AL 110/35kV NA ,EOB n ynpaBrbarba MpexoMm Y
HOpMaITHOM MOTOHCKOM CTakby, Kao 1 ynpaBrbakba MPEXOM Y Cryvajy KBapa, y 3aBUCHOCTY Of BPCTE KBapa W YKMOMHOr CTakba Ha
MPEXM.

KrbyuHe peuu: ynpaBrbatbe, Mpexa, kBap.

MANAGEMENT IN CASE OF A FAILURE IN DISPATCHING CENTRE 110/35kV IN COMPANY FOR ELECTRICITY
DISTRIBUTION "ELECTRODISTRIBUTION" LTD BELGRADE

SUMMURY
Description of methods and procedures in work of a dispatcher in a Dispatching centre 110/35kV in Company for electricity
distribution "Electrodistribution” Itd Belgrade while managing the system in normal operating conditions, and in case of a failure,

depending on a type of failure and operation state of the system.

Key words: management, system, failure.
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GODISNJI TROSKOVI ELEKTRODISTRIBUTIVNE MREZE KAO MERA EFIKASNOSTI ELEKTRODISTRIBUTIVNOG
PREDUZECA

S. MAKSIMOVIC, V. SILJKUT, PD Elektrodistribucija Beograd
ABSTRAKT

U ovom radu je izloZzena metodologija proracuna ukupnih godisnjih troSkova elektrodistributivne mreze jednog elektrodistributivnog
(ED) preduzeca. Analiziran je i komentarisan uticaj razlicitih vrsta troSkova na ekonomsku efikasnost preduzec¢a. Rad ukazuje na
potrebu odredivanja optimalnog odnosa izmedu pojedinacnih vrsta troSkova mreze, odnosno utvrdjivanja takvog odnosa izmedu
optereéenja mreZe i gubitaka u njoj, koji dovodi do ostvarivanja najve¢e moguce ekonomske dobiti.

Ukupni godisniji troSkovi elektrodistributivne mreze racunaju se po sledecoj relaciji:

Tg=pgK + Ge, (1
gde su: pg — godidnja stopa, K — troSkovi kapitala (investicija), Ge — troSkovi gubitaka.
Godisnja stopa racuna se po relaciji:

Pg = Pn* Pa* Po, (2)
gde su: pn — stopa dobiti, pa — stopa amortizacije, po— stopa odrzavanja.
Godisnii troSkovi se stoga mogu napisati kao:

To=poK + paK + poK + Ge = Tgi+ T ga+ Tgo+ Tgg, (3)

gde su: Tgi = pnK — godi8nji tro8kovi investicija, Tga = paK — godi3niji trodkovi amortizacije, Tgo = poK — godisnji trodkovi odrzavanja, Tgg
= Ge — godisniji tro8kovi gubitaka.

Kako se vidi iz relacije (3), troSkovi gubitaka su tek jedna od Cetiri komponente ukupnih troSkova mreze i stoga se ne mogu uzimati
kao jedini relevantni faktor za ocenu ekonomske efikasnosti ED preduze¢a. Jasno je da je mera ove efikasnosti iznos ukupnih
tro8kova. Naime, jedno ED preduzeée moze znacajnim investicionim ulaganjem u mrezu da osetno smanji svoje gubitke, ali se moZe
dogoditi da mu ukupni tro8kovi budu veliki, a elementi mreZe nedovoljno iskori$éeni.

Kao ilustracija, u ovom radu ¢e biti izradunati ukupni troSkovi mreze ED preduzeca u Srbiji i na osnovu tih pokazatelja ¢e ona biti
rangirana po ekonomskoj efikasnosti. Procena vrednosti mreze bice uzeta iz postoje¢ih analiza, koje su ranije uradene za potrebe
Elektroprivrede Srbije.

ANNUAL COST OF ELECTRICAL POWER DISTRIBUTION GRID AS UTILITY EFFICIENCY MEASURE
ABSTRACT

This paper elaborates the methodology for annual summary costs calculations of electrical power distribution grid in the posession
and responsibility of a public Utility. The influence of different kinds of costs on Utility's economic efficiency has been analyzed and
commented. The paper emphasizes the need of determination of optimal rate between particular kinds of grid’s costs, i.e.
determination of such a rate between network’s load and power losses within it, by which the maximum of economic revenue could
be achieved.

Annual summary costs of electrical power distribution grid are;

Tg=pgK + Ge, (1)
where: pg — annual rate, K — costs per capita (investment costs), Ge — power losses costs.
Annual rate can be calculated as:

Pg = Pn* Pa * Po, 2)
where: pn — revenue rate, pa — amortization rate, po— maintenance rate.
Annual costs shall be calculated then as:
Tg=pnK+ paK + poK + Ge=Tgi+ T ga+ Tgo+ Tgg, (3)

where: Tgi= paK — annual investment costs, Tga = paK — amortization annual costs, Tgo = poK — maintenance annual costs, Tgg = Ge —
power losses annual costs.
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As it can be seen from (3), power losses costs are just one of four different particles of grid's summary costs. Hence, the costs of
power losses can not be accepted as the single relevant factor in Utility’s economic efficiency evaluation. It is clear that the measure
of this efficiency is the ammount of summary costs. Namely, a public Utility for electricity distribution can reduce its power losses
radically, by significant investment costs. However, it could happen then that Utility's summary costs become too high, and its
network’s elements underloaded and not enough used.

As the illustration, in this paper summary costs of serbian utilities for electrical power distribution will be calculated. According to
those parameters, these utilities will be classified by their economic efficiency. The estimation of distribution grids’ values will be
taken from analyses previously done for Public Utility ,Power Industry od Serbia“ (EPS) purposes.

79



VIII SAVETOVAMJE O ELEKTRODISTRIBUTIVMIM MREZAMA SRBIE sa regionalnim uéeséem
VIII CONFERENCE ON ELECTRICITY DISTRIBUTION IN SERBIA with regional participation

Vrnjockn Banja, 23/09/2012 - 26/09/2012

TR &=

R-3.15
BAZA PODATKA KAO ALAT ZA UNAPREDENJE DIJAGNOSIKE STANJA ENERGETSKIH TRANSFORMATORA

S. MILOSAVLJEVIC, V. POLUZANSKI, N. MILADINOVIC, J. DELIC, J. LUKIC, D. KOVACEVIC
Elektrotehnicki institut ,Nikola Tesla“, Beograd, Srbija

KRATAK SADRZAJ

Procesi deregulacije i liberalizacije trzista elektriCne energije postavljaju pred kompanije za distribuciju elektriCne energije
nove zahteve, u smislu energetske efikasnosti, pouzdanosti i raspoloZivosti elektroenergetske opreme. U ispitivanjima i dijagnostici
stanja transformatora, prelazi se sa pojedinacnih merenja na integrisane modele, a sa vremenski planiranog odrzavanja na
odrzavanje po stanju, uz uvazavanje metoda upravljanja rizicima, procenom Zivotnog veka i koris¢enjem informacionih tehnologija. U
ciliu produzenja Zivotnog veka transformatora i prevencije poremacaja koji mogu dovesti do neplaniranih ispada ili havarija, uvode se
sistemi ispitivanja, dijagnostike i pracenja transformatora uvidom u stanje (condition based monitoring — CBM). Odrzavanje po stanju
je efikasno i moguée samo primenom tacénih i pouzdanih metoda merenja i ispitivanja, kao i primenom baza podataka i adaptivne i
efikasne dijagnostike. U radu je dat prikaz baze podataka energetskih transformatora razvijene u Institutu »Nikola Tesla« u kojoj se
nalaze podaci o transformatorima i svim obavljenim ispitivanjima koja Cine sinergetsku vezu elektri€nih, hemijskih i fiziCkih ispitivanja.
U bazi se nalaze i podaci o zna€ajnim pogonskim dogadajima i radovima na transformatoru, kao i rezultati post-havarijskih ispitivanja
tokom defektaze i opravke u fabrici. Veliki znaCaj primene baze podataka kao pomoénog alata u dijagnostici je primena statistickih
analiza u funkciji pogonske dijagnostike i utvrdivanje korelacija pogonske dijagnostike sa rezultatima post-mortem analiza. Ovim se
omogucava verifikacija postoje¢ih dijagnostickih metoda i sticanje novih ekspertskih znanja u datoj oblasti. U radu je prikazana
aplikacija za pristup podacima, a opisan je i znacaj primene baze u dijagnostici stanja energetskih transformatora. Definisane su
smernice za odrzavanje i azuriranje baze, kao i moguénosti primene baze podatka za analizu rizika eksploatacije energetskih
transformatora.

Kljuéne re€i: energetski transformator, baza podataka, preventivna kontrola, preventivno odrzavanje, procena pogonskog stanja.
DATA BASE AS TOOL FOR IMPROVEMENT OF POWER TRANSFORMER DIAGNOSTICS
ABSTRACT

Energy market deregulation and liberalization have had a crucial impact to set higher demands on transformers reliability and
availability in Power companies. Asset condition monitoring has replaced plan based monitoring procedures, with emphasis on risk
assessment and evaluation of remaining or consumed life of equipment. In order to reduce maintenance costs, increase remaining
life and prevent outage and failures, different measurement techniques are available, with basic concept changed from individual
measurements to integrated ones. The final goal is to improve energy efficiency. Asset and condition based monitoring (CBM) can
be achieved by application of several essential tools, such as: chemical and electrical measurements and data base which is very
efficient complementary tool in diagnostic purposes and statistical analysis. Data base for power transformers, made in Institute
Nikola Tesla is presented in this paper, which consist of integrated chemical and electrical test results and other transformers basic
data, including service events, faults and repairs with data of post-mortem investigations during repair in factory. One of the benefits
of application of data base is statistic analysis of large number of results as tool for improved service diagnostics and further
evaluation of correlations between service diagnostics and results of post-mortem investigations. This enables verification of service
diagnostics and growth of expert knowledge. Data access application is shown in this paper, with inputs for maintenance and update,
as well as different possibilities in diagnostics and risk analysis of power transformers.

Key words: power transformer, insulation, data base, preventive control, preventive maintenance, condition assesment.
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Izvestaj STK 4
Struéna komisija 4
ZASTITA | UPRAVLJANJE ELEKTRODISTRIBUTIVNIM MREZAMA

Predsednik komisije — mr Dugan VUKOTIC
PD ,Elektrodistribucija Beograd“ d.0.0. Beograd, Srbija

U predvidenom roku za prijem radova i nakon razmatranja od strane recenzenata i stru¢nih izvestilaca, prihva¢eno je 29 radova, od
Cega su svi usvojeni kao referati. S obzirom na veliki broj radova u struénoj komisiji i radi efikasnijeg rada na sesijama, izvrSeno je
grupisanje radova u tri teme, objedinjavanjem preferencijalnih tema iz poziva za pisanje referata:

Tema 1 — Upravljanje elektrodistributivnim mreZzama

Strucni izvestilac je dr Dusko Bekut sa Fakulteta tehnickih nauka iz Novog Sada. U ovoj temi prihvaceno je 7 (sedam) referata u
skladu sa preferencijalnim temama iz poziva za pisanje radova:

Strategije pri zameni SCADA sistema.

Primena energetskih aplikacija u elektrodistributivnim preduzeéima.

Automatizacija elektrodistributivnih mreza.

Komunikacioni standardi i standardi interoperabilnosti za potrebe IT integracija.

Tema 2 - Zaétita u elektrodistributivnim mrezama

Struéni izvestilac je Bogdan Funduk iz PD ,Elektrodistribucija Beograd“ d.0.0. Beograd. U ovoj temi prihvaéeno je 19 (devetnaest)
referata u skladu sa preferencijalnim temama iz poziva za pisanje radova:

o Strategije pri rekonstrukciji relejne zastite i uvodenju sistema za nadzor i upravljanje u transformatorskim stanicama.

e  Primena komunikacionih sistema za potrebe zastite i upravijanja.

o Aspekti pouzdanosti zastite bazirane na standardu IEC 61850.

e  Uticaj distribuirane proizvodnje na tradicionalne sisteme zastite.

Tema 3 — Telekomunikacije u elektrodistributivnim mrezama

Struéni izvestilac je Miodrag Pas¢an iz PD ,Elektrovojvodina“ d.0.0. Novi Sad. U ovoj temi prihvaéena su 3 (tri) referata u skladu sa
preferencijalnim temama iz poziva za pisanje radova:

o Sigurnosni aspekti pristupa informacijama i njihova razmena.

o  Komunikacione tehnike i protokoli za napredne mreze (,Smart Grids®) i sisteme za daljinsko oCitavanje potrosnje.

e Medusobna zavisnost upravljanja elektrodistributivnim mrezama i komunikacione infrastrukture.

Na pisanju izves$taja, strucni izvestioci su se rukovodili zapaZanjima, komentarima i pitanjima recenzenata, na ¢emu im se
posebno zahvaljuju.

IZVESTAJ STRUCNIH IZVESTILACA
Preferencijalna tema 1:
Upravljanje elektrodistributivnim mrezama
Struéni izvestilac: dr Dusko BEKUT, Fakultet tehnickih nauka, Novi Sad, Srbija

R-4.01 IMPLEMENTACIJA RADIO-SISTEMA ZA DALJINSKI NADZOR | UPRAVLJANJE SREDNJENAPONSKOM
ELEKTRODISTRIBUTIVNOM MREZOM PD EDB
Autori: D. VUKOTIC, N. ANTIC, PD ,Elektrodistribucija Beograd® d.0.0. Beograd,

V. MILEN[(OVI'C, ,Radius South Eas} Europe® d.o.o. Ni§,
D. KO\]ACEVIC, S. MILOSAVLJEVIC, Elektrotehni¢ki instutut ,Nikola Tesla“ Beograd
Recenzent: M. PASCAN, PD ,Elektrovojvodina®, d.0.0. Novi Sad

U radu se, vrlo detaljno, opisuje sloZena arhitektura, koncepcija i realizacija novog radio-sistema za daljinski nadzor i upravljanje
srednjenaponskom elektrodistributivnom mreZom PD EDB, kojim su potpuno zamenjena dva postoje¢a spregnuta radio sistema za
prenos SDU podataka, koja su bila dugo u eksploataciji u proteklom periodu.
Dati su inicijalni tehni¢ki zahtevi PD EDB, koje je novi radio sistem trebalo da zadovolji i koje imlementirani sistem zaista i
zadovoljava. Data je komunikaciona $ema novog radio-sistema i opisane su komponente, od kojih se sistem sastoji, na visem i
nizem hijerarhijskom nivou. Opisan je primenjeni sistem redundanse implementirane opreme 3to je rezultovalo visokom
raspolozivo$¢u novog radio-sistema i visokom pouzdano$¢u u prenosu SDU podataka radio-mreZzom za potrebe SNDM.
Pitanja:
1. Dali se u sistemu koriste samo monokanalni radio-uredaji sa analognom FM modulacijom?
Koliko ukupno UHF radio kanala se koristi u sistemu, odnosno, koliko radio kanal se koristi na viSem, a koliko na nizem
hijerarhijskom nivou ? Da i su to sve dupleksni radio kanali? Kolika je frekvencijska $irina kori§¢enih kanala (25 kHz)?
3. U tekstu se pominje ,uslov za visokim stepenom raspoloZivosti radio-veze®, ali autori ne navode podatak koji je stepen
raspolozivosti zahtevan projektnim zadatkom (na primer 99% ili neka druga vrednost), Sto je sigurno podatak koji je interesantan
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Sirem krugu Citalaca. Koja je raspoloZivost trazena, a koja je postignuta u realizovanom sistemu na vezama viSeg i nizeg
hijerarhijskog nivoa?

4. Koje brzine prenosa SDU podataka se koriste na viSem i nizem hijerarhijskom nivou radio-mreze?

5. Kakva je usvojena/primenjena strategija (,pooling” ili neki drugi nacin) za komuniciranje koncentratora sa perifernim objektima i
za komuniciranje perifernih koncentratora prema CU?

6. Koji opseg frekvencija se koristi za realizaciju radio-veza perifernih koncentratora sa CU (da li je to isto UHF opseg) i kako se
(na lokacijama koncentratora) obezbeduje istovremeni nesmetani rad linkova prema CU i radio-veza ka perifernim SDU
objektima?

R-4.02 IMPLEMENTACIJA SISTEMA ZA DALJINSKI NADZOR | UPRAVLJANJE SREDNJENAPONSKOM
ELEKTRODISTRIBUTIVNOM MREZOM PD EDB

Autori: T. STOJANOVIC, T. VRACARIC, Institut ,Mihajlo Pupin — Automatika“ Beograd,
D. VUKOTIC, PD ,Elektrodistribucija Beograd“ d.0.0. Beogra

Recenzent: S. KUZMANOVIC, ZP ,Elektrokrajina* a.d. Banjaluka, Republika Srpska

U radu je prezentirana implementacija sistema za daljinski nadzor i upravijanje srednjenaponskom mrezom, tema koja je veoma

interesantna sa razli¢itih aspekata. Naime, objedinjeno je nekoliko razliitih segmenata koji su razvijani u razli€itim institucijama i koji

uvezani, pri &emu su dobijeni rezultati prikazani u radu.

Ovakav nacin upravljanja srednjenaponskom mrezom je veliko olak$anje za distributivna preduzeca i veliki iskorak u primjeni novih

tehnologija. Upravljanje srednjenaponskom mrezom na prikazani nacin znacajno Ce uticati na ispunjavanje zadatih standarda u

pogledu kvaliteta i kontiniteta isporuke elektriéne energije.

Pitanja:

1. Bilo bi interesantno da autori prezentuju podatke o tome koliko je ovaj sistem unaprijedio rad centara upravljanja i mobilnih
ekipa?

2. Kakav je i koliki uticaj primjenjenog sistema na duzinu prekida napajanja u mrezi?

R-4.03 VIDEO ZID - NOVI ALAT ZA NADZOR | UPRAVLJANJE DISTRIBUTIVNOM MREZOM
Autori: M. BACLIC, Z. KRUNIC, PD ,Elektrovojvodina“ d.o.o0. Novi Sad
Recenzent: D. VUKOTIC, PD ,Elektrodistribucija Beograd® d.0.0. Beograd

U radu je prikazano jedno savremeno reSenje grafickog sistema za prikaz sistema/podsistema za nadzor i upravljanje nad
elektrodistributivnom mrezom jednog elektroprvrednog preduzeca. lako autori potenciraju da je u pitanju novi alat za nadzor i
upravljanje, u pitanju je poznato tehnicko reenje grafickog prikaza (,wall display*), koje zahvaljujucu intezivnom razvoju tehnologije,
iz godine u godinu postaje sve tehnoloski naprednije, kako u pogledu veli¢ine panela, tako i u pogledu tehnickih performansi. Buduéi
da je prikazano tehnicko reSenje koje je realizovano centru upravljanja na najviSem nivou jednog elektrodistributivnog preduzeca,
samo tehnicko reSenje efikasno integriSe sve raspolozive podsistema za potrebe nadzora i upravijanja nad distributivnim
elektroenergetskim sistemom PD ,Eekirovojovina“ (SCADA sistem, sistem za energetske proradune (DMS), sistem za obezbedenje
objekata, geografski informacioni sistem (GIS), itd.).

Pitanja:

1. Dali tokom modernizacije centra upravljanja (DDC EV) vrSena analiza sa aspekta ergonomije?

2. Buduci da se u okviru centra upravljanja (DDC EV) vrSi isklju¢ivo nadzor, da li se prilikom podeSavanja parametara grafi¢kog
sistema vodilo rauna o eventualnoj moguénosti izvrSavanja upravljackih akcija sa njega?

3. Objasniti detaljno na koji je nain realizovana komunikacija sa EEO koji su u nadleznosti nadredenih RDC JP ,EMS*? Takodi,
pojasniti koje se sve informacije prikupljaju.

4. Buduéi da se insistrira 0 vrenju nadzora nad elektrodistributivnim sistemom PD EV, zaSto su uklonjene sa grafi¢kog sistema
liste dogadaja, alarma i kvarova, buduéi da je to u spuprotnosti sa dosadasnjom praksom u okviru centra upravljanja? Buduci da
predmetne liste je potrebno pratiti u okviru realizovanog okruzenja, gde se predmetne liste prate?

5. Objasniti taéno kako se vrsi proracun raspodele snage po transformatorskim stanicama prema preuzetmim merenjima po
dalekovodim poljima i za$to u tom smislu nije koriS¢en proradun tokova snaga koji je ve¢ realizovan u okviru DMS okruZenja?

6. Dalije u okviru prezentovanog tehnickog reSenja integrisana aplikacija za vodenje ,dispecerskog dnevnika“?

R-4.04 PRIMENA SMART GRID KONCEPTA U DISTRIBUTIVNOM SISTEM
Autori: D. DAVIDOVIC, N. TRIFUNOVIC, D. CUKOVIC, B. VUKOVIC, ,Global Substation Solutions®, Beograd
Recenzent: D. BEKUT, Fakultet tehni¢kih nauka, Novi Sad

Rad se bavi jednom veoma aktuelnom temom. ,Smart Grid“ je koncept koji ¢e u narednim godinama sasvim sigurno znacajno biti
prisutan u elektrodistributivnim mreZama. Autori su dali jedan opsti pregled primene koncepta i prikazali njegove apekte vezano za
pojedine celine u mrezama. Pregled je napravljen na globalnom nivou i sa dovoljno detalja opisuje sve osnovne stvari. U lieraturi se
navodi da je koriS¢en material vezano za informatiCku strukturu reSenja za projekat ,Masdar", to je bio jedan od naprogresivnijih
projekata po svojim inicijalno zamisljenim reSenjima.
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Pitanja:

1. Gde su autori nadli podatak da ¢e angazman vetrogeneratora biti kontrolisan iz JP EMS? Uobi¢ajeno se to ne €ini, nego je
proizvodnja i kontrola distributivnih generatora regulisana bilateralnim ugovorima distributera sa vlasnicima generatora, a vrlo
Cesto je angazman jako uslovljen stanjem i topologijom elektrodistributivne mreze (i podeSenju naponskih kontrolera, ali i
kontrolera zastite) o ¢emu jedino distributivni operater vodi racuna.

2. Pored prednosti koje autori navode u radu, da li su autori razmatrali problem ogranienja u funkcionisanju mreze? Npr.
funkcionisanje mreZe vezano za naponska i strujna ograniéenja, ograni¢enja vezana za reverzni tok snage, ograni¢enja vezana
za rad naponskih regulatora, kao i za relejnu zaétitu.

3. Dali autori imaju neke pokazatelje vezano za finansijke efekte u primeni ,Smart Grid“ koncepta?

R-4.05 PRISTUPI UVODENJU DALJINSKOG NADZORA | UPRAVLJANJA DISTRIBUIRANIH PROIZVODNIH
IZVORA

Autori; M. KRZISNIK, S. GOLOB, ,Sipronika“ d.0.0. Ljubljana,Slovenija,
M. SVAJGER, ,Elektro Ljubljana“ d.d. Ljubljana, Slovenija

Recenzent: Z. SUBASIC, PD ,Elektrovojvodina® d.0.0. Novi Sad, ED ,Ruma*

Tema rada je uvodenje sistema za daljinski nadzor i upravljanje distribuiranih proizvodnih izvora. Ukazano je na znacaj uvodenja

ovakvog sistema zbog trenda porasta prikljuene snage Distribuiranih Izvora (DI) u elektrodistributivnu mrezu. Dat je pregled

postoje¢ih tehnoloskih reSenja u ovoj oblasti, kao i smernice za uvodenje sistema daljinskog nadzora i upravljanja. Kao primer,

opisan je projekat sistema nadzora i upravljanja malih hidroelektrana i solarnih elektrana u okviru elektrodistributivnog preduzeca u

Sloveniji.

Pitanja:

1. Da li na nivou sistemskih operatera u Sloveniji postoje definisani tehnicki uslovi za priklju¢enje distribuiranih izvora (DI) na
elektrodistributivnu mrezu ?

2. Dalije dozvoljen ostrvski rad distribuiranih izvora (DI)?

3. Koji je interes investitora (vlasnika) distribuiranih izvora (DI) da se ukljuci u proces realizacije sistema daljinskog nadzora i
upravljanja, uzevsi u obzir da da ovaj proces podrazumeva investiciona ulaganja (troSkove)?

4. Koji deo projekta navedenog u primeru je bilo najteze realizovati, odnosno koji podsistem sistema za daljinski nadzor i
upravljanje najteze implementirati: podsistem u DI, komunikacioni podsistem ili podsistem u centru upravljanja, i zasto?

R-4.06 INTEGRACIJA | CENTRALIZOVANO ODRZAVANJE KONFIGURACIONIH PODATAKA ZA
SCADA/EMS/DMS SISTEME

Autori: E. VELJKOVIC-GRBIC, T. STOJANOVIC, T. VRACARIC, Institut ,Mihajlo Pupin — Automatika“ Beograd

Recenzent: D. NIKOLIC, PD ,Jugoistok* d.0.0. Ni$

Autori su kroz svoj rad dali predlog idejnog reSenja arhitekture baze podataka i softverskog reSenja za optimizaciju i konfigurisanje
medusobnih procesnih veza izmedu SCADA i DMS/EMS aplikacija. Uz uvaZavanje odredaba IEC serija standarda 61970, 61968 i
61850, autori predlazu delimiénu dekompoziciju izvornih baza podataka u SCADA i DMS/EMS aplikacijama, sa ciliem izdvajanja
zajednickih podataka zna€ajnih za konfigurisanje medusobnih veza i stvaranja uslova za njihovo centralizovano odrzavanje. Kroz
opis funkcionalnosti softverskog paketa, naglaava se potreba za primenom i poStovanjem zajednicke semanti¢ke definicije
procesnih i meta podataka od nivoa procesa (polje, trafostanica...), pa sve do SCADA/DMS/EMS sistema u centrima upravljanja,
kao svojevrsnog preduslova za njihovu dalju optimizaciju i razvoj.
Pitanja:
1. Dalije predloZeni softverska platforma ve¢ negde operativno primenjena, i kakvo dosada$nje iskustvo u njenoj primeni?
Imajuci u vidu da vecina separatno nabavljenih EMS/DMS i SCADA softvera ima sopstvene editore, koji po pravilu imaju neke
svoje specifiCnosti i ostavljaju korisniku ograniéen skup funkcionalnosti, da li je i pod kojim uslovima moguée koristiti ,Sistem
konfigurator* kod softvera razli¢itih proizvodaca?
3. Dalije prema misljenju autora tehno-ekonomski opravdano kupovati integrisane SCADA/EMS/DMS softverske pakete?

R-4.07 UTICAJ ISTORIJSKIH PODATAKA NA GRESKE ESTIMACIJE STANJA
Autori: Z. SIMENDIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad, ED ,Sombor*,

G. SVENDA, Fakultet tehnickih nauka, Novi Sad, I. CIFRA, Sombor
Recenzent: D. BEKUT, Fakultet tehni¢kih nauka, Novi Sad

U radu je obradena problematika estimacije stanja u elektrodistributivnim mreZzama. U tu svrhu je kori¢en distributivni estimator.
Matematicki model koji se koristi u estimatoru je detaljno predstavljen, kao i potrebni podaci za proradun. S obzirom da je broj
merenja u elektrodistributivnoj mreZi ograniéen, za potrebe estimacije se koriste i istorijski podaci o potro3nji, kako bi se upotpunio
skup podataka neophodan za proracune. U radu je analiziran upravo uticaj istorijskih podataka na rezultate. Analize su napravljene
na primeru realne elektrodistributivne mreze u ED ,Sombor* i izvedeni odgovaraju¢i zakljuéci.

Pitanja:

1. Dali autori imaju preporuku koliko Cesto treba azurirati dijagrame potrosnje za razli¢ite tipove potro$aca?
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2. U radu je konstatovano da su podaci o maksimalnim opterecenjima znaajniji za procenu optere¢enja od dijagrama potro3nje.
Da li se u ED ,Sombor® razmislia o ustanovljavanju odredenog poslovnog pravila, kojim bi se podaci o maksimalnom
optereéenju, koji se periodiéno o€itavaju, unosili u programe za proradune?

3. Da li autori imaju procenu koliko je potrebno uloZiti rada na godiSnjem nivou da bi izbeglo znadajnije odstupanje rezultata
estimacije u njihovoj mrezi? Ovo je potencijalno vazan podatak potreban za odrZavanje programa.

Preferencijalna tema 2:
Zastita u elektrodistributivnim mrezama

Struéni izvestilac: Bogdan FUNDUK, PD ,Elektrodistribucija Beograd“ d.o.0. Beograd

R-4.08 APLIKACIJA ZA DISTRIBUIRANU ZASTITU SABIRNICA NA PALTFORMI RAZVIJENOJ ZA NAPREDNE
TRANSFORMATORSKE STANICE

Autori: J. CARDENAS, GE Digital Energy, Spanija, D. McGINN, M. MILLER, I. VOLOH, GE Digital Energy, Kanada,
R. HUNT, GE Digital Energy, SAD

Recenzent: Z. RISTANOVIC, Energotehnika Juzna Bagka, Novi Sad, Srbija

Rad opisuje jednu od primena procesnih inteligentnih jedinica (PIU) i procesne sabirnice ("Process bus") kod mikroprocesorskih
zastita. Kao primer ove primene opisana je distribuirana zastita sabirnica. U radu je posebno naglasena prednost kori§¢enja
procesnih inteligentnih jedinica i procesne sabirnice. Posebno je istaknuto da se puna primena ogleda i kori§¢enjem protokola IEC
61850 u okviru ,Smart Grid“ okruzenja. ProSirenje ovakvog sistema je lako moguce.

Pitanja:

1. Recezent poseduje iskustva u radu sa distribuiranom zastitom sabirnica. Najveci problemi su bili sa komunikacijama izmedu
centralne jedinice i jedinica po poljima. Kako se ponaSa ova zaStita sabirnica u sluaju gubitka komunikacije sa jednom
jedinicom polja?

2. Daliujedinicama polja postoje neke dodatne rezervne zastitne funkcije?

R-4.09 POJEDNOSTAVLJEN SISTEM ZASTITE PROJEKTOVAN ZA DISTRIBUTIVNE TRANSFORMATORSKE
STANICE

Autori: R. HUNT, GE Digital Energy, SAD, J. COURSEY, S. HIRSCH, Orion New Zealand Limited, Novi Zeland,
J. CARDENAS, GE Digital Energy, Spanija

Recenzent: Z. RISTANOQVIC, Energotehnika Juzna Backa, Novi Sad, Srbija

Ovaj rad zasluzuje paznju struéne javnosti u Srbiji da bi analizirali na koji nacin se vrSe rekonstrukcije zastite i upravljanja kod nas i u
svetu. Recenzent e dati sebi slobodu da kroz Citanje ovog rada i stanja u Srbiji kroz neka uporedenja predstavi $ta se u ovom radu
posebno istice:
- |EC 61850 se ve¢ dosta godina koristi u Srbiji tako da po tom pitanju ne zaostajemo za svetom. Zaostaje se u kori§¢enju
GOOSE poruka bez udvajanja sa zi¢anim;
- U svetu su poCele da se koriste PIU (Procesne Inteligentne Jedinice), dok u Srbiji nema ni naznaka njihovom koriséenju;
- U radu je obradeno da se za zastitu dva izvoda koristi jedan mikroprocesorski uredaj. U Srbiji se definitivno odustalo od toga
$to se misli da je ispravno zbog faktora sigurnosti, $to i sami autori u radu naglaavaju
- Zbog korid¢enja PIU autori rada smatraju da je sigurnije releje izmestiti na relejne ormane van prostorije sa postrojenjem. Kod
nas se to reSava od slucaja do slucaja. Kod novih i postrojenja tipa ,metal clad* svi releji se postavljaju u sama postrojenja, $to
je sasvim opravdano
Pitanja:
1. Autori u radu kaZu da je radni vek zastite oko 20 godina, a postrojenja 40 godina. Kakav je stav autora po pitanju pomoéne
opreme (kleme, zastitni automati, kablovi i sli¢no)?
2. U radu autor pominje redundansu samo po pitanju zastitnih funkcija. Da li se vodilo raduna i 0 redundanci u komunikacionim
krugovima zbog kori$¢enja GOOSE poruka?
3. lzrada se ne moZe zakljuciti na koji nacin je uradena komunikacija sa nadredenim dispecerskim centrom?

R-4.10 PROBLEMI KOORDINACIJE ZASTITE U ODNOSU NA DISTRIBUIRANU PROIZVODNJU
Autori: D. BALAN, I. DOBRE, Kompanija za distribuciju elektricne energije Juzne Transilvanije, Rumunija
Recenzent: Z. RISTANOVIC, Energotehnika Juzna Backa, Novi Sad, Srbija

Rad obraduje temu koja sve viSe zaokuplja i strunu javnost u Srbiji. Naime, sve viSe ima zahteva za priklju¢enjem malih elektrana
na distributivni elektroenergetski sistem. U radu je na slikovit nacin prikazano nekoliko nacina prikljuenja elektrana. Rad daje
minimum zastitnih funkcija koje treba da postoje u relejima, a poseban akcenat se daje na koris¢enje prekostrujne zastite sa
inverznom karakteristikom.

Posebno se istiCe, to je dato u jednom primeru, da svako prikljuCenje bilo kakve elektrane na elektrodistributivni sistem zahteva
poseban proracun maksimalnih i minimalnih struja kratkih spojeva radi dobijanja slike kakav to uticaj moZe imati na postojeéi sistem
zastite i zahtev da se izvr3e neke izmene.
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Pitanja:
1. Koji su faktori koji utiéu na nacin priklju¢enja malih elektrana na elektrodistributivni elektroenergetski sistem?
2. Dalli autor ima neka prakti¢na iskustva na nekom konkretnom primeru u mrezi?

R-4.11 ISKUSTVA U UVODENJU NOVOG LOKALNOG | DALJINSKOG UPRAVLJANJA U TS 110/x kV
Autor: M. ZDRALOVIC, ,Elektroprenos BiH" a.d.
Recenzent: Z. SUBASIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad, ED ,Ruma*

Tema rada je uvodenje sistema za lokalni i daljinski nadzor i upravljanje nad TS 110/x kV. U radu su navedeni kriterijumi za izbor

hardverske i softverske platforme na kojima su realizovani ovi sistemi, kriterijumi koji su bili opredeljuju¢i po pitanju odabira

transformatorskih stanica koje ¢e uci u sistem, i nivoa do kog ¢e se u odabranim transformatorskim stanicama i¢i sa zamenom

postoje¢e opreme za zastitu i upravljanje. Date su i odrednice po pitanju odabira IED i mesta njihove montaze u transformatorskim

stanicama, kao i kratak opis realizacije konkretnog projekta "SCADA sistemi u BIH".

Pitanja:

1. Koji standardi su primenjeni u ISAS, $to se ti¢e komunikacije izmedu IED u transformatorskoj stanici i komunikacije izmedu RTU
u transformatorskoj stanici i centara upravijanja?

2. Koja topologija ratunarske mreze (LAN) se koristi u transformatorskoj stanici za povezivanje |ED u ISAS?

3. Dalise i koje funkcije zastite/upravljanja u rekonstruisanim TS 400/220/110 kV izvrSavaju koriste¢i LAN za prenos informacija
izmedu IED?

R-4.12 ZAMENA SCADA SISTEMA NA TS 110/35/20 kV "LEDINCI"

Autori: V.NESIC, A. CAR, V. VUCUREVIC, Institut ,Mihajlo Pupin — Automatika“ Beograd,
D. VOJNOVIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad,
Z. GOLUBOVIC, PD ,Jugoistok“ d.0.0. Ni§, ED ,Leskovac"

Recenzent: Z. SUBASIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad, ED ,Ruma*

Tema rada je zamena SCADA sistema u TS 110/x kV ,Ledinci®. U radu su navedeni razlozi zbog kojeg je doSlo da zamene

prethodnog SCADA sistema, opisan je postupak zamene uz navodenje problema koji su se pojavili tokom rada. Dat je opis novog

SCADA sistema i navedena iskustva i problemi nakon zamene sistema.

Pitanja:

1. Dali autor moZe da prezentuje podatke o tome koliko proces konverzije uti¢e na vreme odziva (kaSnjenje informacija) u odnosu
na vreme odziva, kad nema konverzije protokola?

2. Sta znati "prihvatljivih 5-6 sekundi" ka$njenja za dvostepene komande? Da li su ovi rezultati u okviru primenjenog standarda?

3. Dalli autor moZe da prezentuje podatke o tome koliko proces konverzije uti¢e na vreme odziva (ka$njenje informacija) u odnosu
na vreme odziva kad nema konverzije protokola?

4.  Da li autor ima iskustva o povezivanju IED razli¢itih proizvodaca u jednom EEO u jedinstven sistem za automatizaciju? Kakvo
je midljenje autora o konceptu interoperabilnosti? Koliko je on trenutno stvarno primenjiv?

R-4.13 ANALIZA POGONSKIH DOGADAJA U ELEKTROENERGETSKOM SISTEMU 110 kV U USLOVIMA
REKONSTRUKCIJE

Autori: M. DORBEVIC, I. JAGODIC, JP ,Elektroprivreda Srbije"

Recenzent: S. RAFAILOVIC, PD ,Elektrodistribucija Beograd* d.o.0. Beograd

Autori su u radu, Sto je potrebno pohvaliti, bez rezervi i ogradivanja izneli pojedine dogadaje, koji ukazuju na nesavrSenosti u
koordinaciji sistema zastite u samoj TE “Kolubara”, a i prema 110 kV mreZi. Zamerka je da su zakljucci dosta blagi i neodredeni, i sa
pravdanjem nekih problema propustima ili voljom isporucioca. Zbog toga u zaklju€cima nije jasno navedeno ono §to je glavno kao
predstoje¢i zadatak: koordinacija i prepodeSenje parametara svih zadtita. Zbog takvog zakljuéka, namecu se sledeca pitanja
autorima:

Pitanja:

1. Za8to ni posle toliko godina na jednom objektu kao to je TE “Kolubara®, nije ugradena zastita sabirnica 110 kV. Za takav
objekat, imajuéi u vidu pad cena tih uredaja u poslednjoj deceniji posebno, materijaini razlog svakako ne bi trebalo da bude
prepreka?

2. Da su iskoriScene sve mogucénosti distantne zastite (uslovno istovremeno iskljuenje / blokada iskljuenja na oba kraja),
eliminacija kvara u prvom stepenu bila bi sa 100% sigurnoS¢u. Zasto se i pored relativno velike duzine vodova ne iskoristi
funkcija ,blocking” (postoji VF veza), ili koja druga? Kvar broj 1 u tom slu¢aju bio bi selektivo eliminisan.
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R-4.14 UNAPREDENJE FUNKCIJA UREDAJA MIKROPROCESORSKE ZASTITE TRANSFORMATORA 110/x kV
Autori: S. SPREMIC, M. SENTIN, PD "Elektrovojvodina” d.0.0. Novi Sad, Sektor eksploatacije Uprave,

D. PETROVIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad, Ogranak ED ,Subotica’,

Z. RISTANOVIC, Energotehnika Juzna Backa, Novi Sad
Recenzent: G. DUKIC, Elektrotehnicki fakultet, Beograd

Predmetni rad je veoma interesantan, posmatrano sa aspekta prezentovanog tehnickog reSenja. Medutim, od interesa bi bilo

razjasniti sledece:

Pitanja:

1. Koji su osnovni motivi koji su autore naveli na razmiljanje i predlog tehnickog reenja (realizacija funkcije regulacije napona, u
TS 110/x kV, u uredaju za osnovnu zastitu energetskog transformatora) koje su u radu prezentovali?

2. Da li autori zaista smatraju da dosadasnja praksa koriS¢enja uredaja za automatsku regulaciju napona u TS 110/x kV (po
principu zasebne hardverske celine na nivou TS) ima nedostatke u odnosu na ideju koju su u radu razradili (i da li se ovi
nedostaci predlozenim tehnickim reSenjem eliminiu)?

R-4.15 SINHRONIZACIJA VREMENA U ELEKTROENERGETSKIM SISTEMIMA
Autori: T. TEKAVEC, P. ZAGOZEN, ,oipronika“ d.o.o. Ljubljana,

J. SMUKAVEC, ,Elektro Gorenjska“ d.d. Kranj, Slovenija
Recenzent: Z. SUBASIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad, ED ,Ruma*

U radu su opisani nacini sinhronizacije vremena u elektroenergetskim sistemima (EES). Navedeni su podsistemi u kojima je

znaCajna funkcija sinhronizacije, kao i protokoli koji se koriste za ovu namenu. U radu su dati podaci 0 merenjima vremenske

sinhronizacije u zavisnosti od postoje¢e opreme, komunikacione infrastrukture i komunikacionih protokola. Na kraju dat je kratak

pregled standarda iz ove oblasti.

Pitanja:

1. Zakoje procese u EES, po mislienu autora treba postaviti najostrije uslove za sinhronizaciju vremena?

2. Sta odreduje koji ée protokol biti primenjen za sinhronizaciju vremena?

3. Dalii na koji na¢in vremenska odstupanja navedena u delu rada o merenjima u realnom sistemu uti€u na izvr3enje
(monitoring) konkretnog procesa u EES?

4. U radu se spominje AMR sistem, koji je jedan od segmenata naprednih mreza (,Smart Grid“). Koliko je bitna i koji su zahtevi za
sinhronizaciju vremena u ovom sistemu?

R-4.16 RAZLICITI KONCEPTI REDUNDANSE INDUSTRIJSKIH PROTOKOLA U ZAVISNOSTI OD NJIHOVIH
PRENOSNIH PUTEVA

Autori: D. GLISIC, V. NESIC, G. KONECNI, N. KRAJINOVIC, Institut ,Mihajlo Pupin — Automatika“ Beograd

Recenzent: S. DUBACKIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad

Rad daje prikaz realizacije redundantnih reSenja za serijske veze u industriji (RS-232 i RS-485) koji su, u dosta dugom periodu

koriS¢ene (i joS se koriste), kao dominantni prenosni put. Takode, daju se razlozi prelaska na Ethernet komunikacione protokole. Kao

glavna crta rada preovladuje ideja da se odgovornost za upravljanje redundantnim prenosnim putevima sa servera (3to je bio sluca;

kod serijskih veza) prebaci na mrezne uredaje (kod Etherneta). Ovo i jeste logi¢an pristup, a i trend u savremenim komunikacionim

tehnologijama.

Rad opisuje nekoliko reSenja koja se koriste za obezbedivanje redundanse pri koriS¢enju Ethernet komunikacije, kao i moguce

primene nekih od njih. Na kraju se daje konkretan primer obezbedenja redundanse jednog SCADA sistema.

Pitanja:

1. Da li autori rada imaju prakti¢na iskustva u primeni Ethernet protokola koji se koriste za obezbedivanje redundanse i koja su
vremena uspostavljanja redundantnog puta kod primene npr. Rapid Spanning Tree protokola (red veli¢ine)?

2. Koja se vremena za uspostavljanje redundantne veze toleriSu kod elektroenergetskih objekata i da li onda ostavljaju kao reSenje
samo ,Parallel Redundancy" protokol?

R-4.17 PRINCIP RADA ZASTITE OD TERMICKOG PREOPTERECENJA | NJENO PODESAVANJE

Autori: B. SKORIC, Elektrotehnicki Fakultet Beograd, Z. RISTANOVIC, Energotehnika Juzna Bagka, Novi Sad,
S. CVETKOVIC, M. ALEKSIC, ,Siemens® d.0.0. Beograd

Recenzent: D. BEKUT, Fakultet tehnickih nauka, Novi Sad

Rad se bavi osnovama termickih proraduna. Analizirani su jednostavni termicki modeli bazirani na struji i na uticaju temperature
okoline. Po literaturu se moze videti koji je svetski vendor koris¢en kao uzor za izbor modela. Generalna napomena je da svi svetski
vendori koriste odredene modele (razli¢iti ventori koriste razli¢ite modele) koji su u opStem slu€aju pojednostavljeni i za neke
situacije su bolji ili 1oiji od drugih modela. Cinjenica je da ne postoji univerzalno dobar model za sve elemente, nego se kod
preciznih proraCuna koriste posebni modeli za svaki tip elemenata elektroenegetskog sistema. U radu su na nekoliko primera
modelom izralunati rezultati i uporedeni sa merenim. Razlika raCunatih i merenih rezultata je manja od 1% 3to je za termicka
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merenja neoCekivana taénost. U radu nema detalja kako su realizovana merenja.Autori su dali vrlo kratko objasnjenje da mala

greSka posledica odredene slobode vezano za procenu prethodnog opterecenja.

Pitanja:

1. Procena prethodnog opterecenja je vazna za dobar proracun. Kako su autori uvazavali u proraCunima prethodno opterecenje.

U stvarnim situacijama, sve greske ispod 10% pa i 15% bi bile nesto $to bi bio veoma dobar rezultat, jer je kod termickih
merenja jako teSko eliminisati uticaj gubitaka i nepromenljivost uslova u okruZenju na tanost merenja. Da li su autori razmisljali
da uvedu koeficijent finog podeSavanja u model kojim bi se obezbedilo podeSavanje (fitovanje) rezultata u smislu da se postigne
relativno dobro slaganje merenih i raCunatih rezultata? Na ovaj nacin bi procena prethodnog opterecenja mogla da bude uzeta
preko SCADA merenja onakva kakva jeste.

3. Generalni modeli u opstem slucaju ne daju dovoljno kvalitetne rezultate za primenu u realnim mrezama (npr. neophono je kod
kablova uzeti i geometriju kablovskog rova, prisustvo i optereéenje okolnih kablova (termicki najkritinije mesto je upravo na
pocetku kabla gde postoji i kablovski rasplet), termicku provodnost tla, temperaturu kao i promenu temperature ambijenta, itd).
Da li autori razmi$ljaju o primeni slozenijih modela, pri Eemu bi svaki model bio strogo namenski kori¢en za odredeni tip
elementa elektroenergetskog sistema?

R-4.18 KOMENTARI NEKIH NOVIH RESENJA ZA ZASTITU IZVODA 20 kV | AUTOMATIKU ZEMLJOSPOJNIH
PREKIDACA

Autor: M. RADUNOVIC, V. MIJATOVIC, PD "Elektrovojvodina” d.0.0. Novi Sad, Ogranak ED ,Sombor*

Recenzent: B. FUNDUK, PD ,Elektrodistribucija Beograd“ d.0.0. Beograd

U radu su prikazani komentari nekih novih reSenja za zastitu izvoda 20 kV i automatiku zemljospojnih prekidaca. Autori su sumirali

dosadasnje pokuSaje reSenja zastite od nesimetriénog optereéenja (prekid provodnika dalje od izvora) i automatiku zemljospojnog

prekidaCa. Posle godina iskustva na koris¢enju MPCU uocena su loSa reSenja i navedena dobra.

Pitanja:

1. Kakava su iskustva sa uvodenjem zastite od nesimetri¢nog opterecenja?

2. Kakve su naponske prilike kod prekida provodnika dalje od izvora i koliko se moze odlagati isklju¢enje izvoda, a kako u sluCaju
prekida bez dodira sa zemljom?

3. Blokada zemljospojnog prekidaca, kada je zajednicki otpornik za 2 ili 3 transformatora?

R-4.19 ANALIZA RADA TEHNIKE ZEMLJOSPOJNOG PREKIDACA | PREDLOZI ZA UNAPREDENJE
FUNKCIONISANJA

Autor: B. MITROVIC, PD "Elektrovojvodina" d.0.0. Novi Sad, Ogranak ED ,Ruma*

Recenzent: G. DUKIC, Elektrotehnicki fakultet, Beograd

Rad daje, veoma detaljno, pregledno i pecizno, dragocena iskustva u funkcionisanju tehnike zemljospojnog prekidaca

implementirane u nekoliko prethodnih godina (misli se na reSenje sa vakuumskim prekidaima sa zasebnim pogonom po polu i

mikroprocesorskih releja kao uredaja u kojima je implementirana automatika zemljospojnog prekidaca). Kroz analizu rada tehnike

zemljospojnog prekidaCa u prethodnom periodu, autor veoma studiozno i koncizno iznosi zakljucke u vidu preporuka u korekcijama

podeSenja automatike zemljospojnog prekidaca sa ciliem unapredenja efikasnosti rada ove tehnike.

Pitanja:

1. Koliko je transformatorskih stanica 110/20kV sa realizovanom tehnikom zemljospojnog prekidaa u okviru PD
LElektrovojvodina“?

2. Dali su iskustva u okviru svih ED (ogranaka), u okviru PD ,Elektrovojvodina®, generalno identiéna, kao Sto je to u predmetnom
radu, ili postoje i eventualno drugadija iskustva?

R-4.20 PRAKVT!(':NA PROVERA PRIMENJIVOSTI ODREDIVANJA POLOZAJA REGULACIONE SKLOPKE
KORISCENJEM STRUJA PRIMARA | SEKUNDARA TRANSFORMATORA
Autori: S. SPREMIC, M. SENTIN, PD "Elektrovojvodina" d.0.0. Novi Sad, Sektor eksploatacije Uprave,

Z RISTANO\(IC, Energotehnika Juzna Backa, Novi Sad,
D. PETROVIC, PD ,Elektrovojvodina“ d.0.0. Novi Sad, Ogranak ED ,Subotica*
Recenzent: B. FUNDUK, PD ,Elektrodistribucija Beograd® d.0.0. Beograd

U radu je prikazana moguénost odredivanja polozaja regulacione sklopke koriS¢enjem struja primara i sekundara transformatora.
Rad je opisao metod merenja i proracuna. U posebnoj tabeli su prikazane vrednosti preraunate iz odnosa struja sa registrovanim
poloZajem regulacione sklopke. Dalje je rad opisao i odstupanja od stvarnih poloZaja i razloge. Odnosi napona primara i sekundara
su dali bolje rezultate u izraCunatim polozajima kod nizih optereéenja. Zaklju¢eno je da se ova metoda moZe koristititi kao rezervni
podatak za slu¢aj kvara uredaja za registraciju poloZaja regulacione sklopke.

Pitanja:

1. U koje svrhe bi se preraCunati podatak o poloZaju regucione sklopke koristio u mikroprocesorskom uredaju?

2. Dalije izvodljivo da se poloZaji sklopke preraCunavaju meSovito, kao odnose struja za vece terete, a odnose napona za manje?
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R-4.21 ANALIZA METODA ZA ELIMINACIJU UTICAJA OPADAJUCE JEDNOSMJERNE KOMPONENTE U
FURIJEOVOM ALGORITMU ZA ODREDIVANJE AMPLITUDE OSNOVNOG HARMONIKA MJERNOG
SIGNALA ZA POTREBE RELEJNE ZASTITE

Autor: V.BAJIC, Z. ADZIC, ,Elektrokrajina“, Banja Luka, Republika Srpska
M. BURIC, Elektrotehnicki fakultet, Beograd, Srbija
Recenzent: G. DUKIC, Elektrotehnicki fakultet, Beograd

U radu su analizirane razli¢ite metodologije eliminacije jednosmerne komponente struje kvara Sto je praktiéno jedna od konstantnih
tema od interesa kada se imaju u vidu numericki algoritmi na kojima svoj rad zasnivaju savremeni mikroprocesorski uredaji za zastitu
elemenata elektroenergetskih sistema.

Pitanja:

1. Kakav se uticaj analiziranih i u radu prezentovanih metoda moZze o€ekivati u pogledu odredivanja visih harmonijskinh komponenti
merenih signala, koji se takode koriste u algoritmima za zastitu implementiranim u savremenim uredajima za mikroprocesorsku
zastitu?

2. Da li i na koji nagin, na metodologije analizirane u radu, imaju uticaja i raspodele verovatnoée Suma merenja i drugih
degradirajucih parazitnih uticaja u merenim signalima (za slu¢aj da realan signal Suma ima raspodelu koja ne podleze normalnoj
Gausovoj raspodeli, obzirom na €injenicu da je u radu merni Sum praktino zanemaren)?

R-4.22 MODELOVANJE KRIVE MAGNECENJA STRUJNIH REDUKTORA
Autori: Lj. MLADENOVIC, D. PREDIC, PD ,Jugoistok” d.0.0. Ni§
Recenzent: G. DUKIC, Elektrotehnicki fakultet, Beograd

Rad ilustruje jo$ jednu, u nizu postoje¢ih, novu metodologiju modelovanja krive magnecenja strujnih transformatora. Radom je
povucena paralela izmedu metodologije ilustrovane u radu (primena ,splajn” tehnike) i metodologije aproksimacije krive magnecenja
strujnih transformatora bazirane na primeni dve prave. Svakako je za svaku pohvalu angaZovanje kolega koji dolaze iz sveta
"prakse” u jednom segmentu koji je do sada najce$¢e po pravilu bio rezervisan za ljude sa fakulteta i sa instituta. Recenzent se
najiskrenije nada da ¢e se ovakav trend nastaviti.

Pitanja:

1. Od interesa bi bilo uporediti rezultat ilustrovane ,splajn“ metodologije i sa drugim poznatim i Siroko primenjenim metodologijama
modelovanja krive magneéenja strujnih transformatora (npr., metodologija primene veéeg broja (veceg od dva) pravolinijskih
segmenata, metodologije konaénih elemenata, metodologija definisanih u standardima koji se odnose na ovu tematiku, kao $to
su |[EEE Std C57.13-1993, IEEE Std C37.110-1996). Mole se autori za komentar.

R-4.23 KONTROLA POMO(;NOG NAPAJANJA U SREDNJENAPONSKIM POSTROJENJIMA
Autori: Z. KUVAC, M. RISTIC, ,Kvazar‘, Srbija
Recenzent: B. FUNDUK, PD ,Elektrodistribucija Beograd“ d.0.0. Beograd

U radu su autori sistematizovali probleme napajanja pomo¢nim naponom kako u smislu nadzora tako i reSenja rezerviranja
pomoénih napona. U zaklju¢ku su naglasili vaZnost stalne kontrole pomocnih napona i izvora pomoénih napona. Posle godina
iskustva na koriS¢enju pomo¢nih napajanja predloZene su i savremene mere.

Pitanja:

1. Kako se utvrduje stanje aku-baterije (raspoloZivi kapacitet)?

Da li dvostruko komandovanje (sa + i -) treba primeniti u Celjama RP35/20/10 kV koje su gasom SF6 izolovane i sa
tropolozajnim rastavljacem-zemljospojnikom (dvostruki zemljospoj) ?

Prednost koriS¢enja suvih baterija, smestaj i odrzavanje?

Koliko bi reenje modularnih ispravljaca doprinosilo redundandnosti ispravijaca?

5. Ugradnja stalnih uredaja za lociranje zemljospoja?

B w

R-4.24 DETEKCIJA PROBLEMA U ELEKTROVUCNOJ PODSTANICI JP ,,ZELEZNICE SRBIJE“
Autori: D. PETROVIC, M. LAZIC, “Iritel* a.d. Beograd,

. KAMDZIJAS, D. CARAPIC, P. UROSEVIC, JP ,Zeleznice Srbije*, Srbija
Recenzent: B. FUNDUK, PD ,Elektrodistribucija Beograd“ d.0.0. Beograd

U radu je prikazana problematika u elektrovuénoj podstanici JP ,Zeleznice Srbije* u Zemunu.
Ugradnjom senzora su detektovane dve vrste problema:

- Neregularne promene napona na strani 25 kV i niskog napona (snimljene 06.06.2011.).

- Previsok i nestabilan jednosmerni napon 110 Vjss.
Na osnovu detektovanih problema autori su za neke od njih predlozili odmah mere, ali za neke se trazi dodatna analiza. U zakljucku
je navedena prednost koriS¢enja sistema za nadzor, kako primarnih, sekundarnih i pomocnih napona.
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Pitanja:

1. Da li se promene napona 25 kV, kao i pomoénih napona posmatrale i analizirale kroz duzi vremenski okvir, pa se tek onda
donosili zakljucci i preduzimale mere?

2. Kako se utvrduje stanje aku-baterije i ispravlja¢a? Da li je merodavan samo jedan 24h dijagram?

3. Dali se razmatralo kroz programski zadatak da se razdvoji problematika visokog napona od pomoénih napona?

R-4.25 EKSTREMNO VISOKE UCESTALOSTI ISPADA TRANSFORMATORA NA OBODU GRADSKE
KABLOVSKE | PRIGRADSKE NADZEMNE ELEKTRODISTRIBUTIVNE MREZE 10 kV UZEMLJENE
PREKO OTPORNOSTI OD 20 Q 1400 Q

Autor: T. MILANOV, PD ,Elektrodistribucija Beograd” d.0.0. Beograd

Recenzent: S. KUZMANOVIC, ZP ,Elektrokrajina“ a.d. Banjaluka, Republika Srpska

U radu je detaljno opisano stanje distributivne mreze na podru¢ju EDB sa aspekta starosti, ugradene opreme. Posebno je obradeno

stanje delova mreze na obodu gradske kablovske i prigradske nadzemne elektrodistributivne mreze 10 kV uzemljene preko

otpornosti 20 Q i 400 Q. Rad sadrzi dosta podataka o ucestalosti ispada transformatora, kao i proraCuna veli¢ina u realnoj mrezi na

osnovu kojih su izvedeni zakljuéci. Konstatovano je da je mreZza u posmatranom period bila $tiena prema raspolozivim

mogucénostima klasi¢ne relejne zastite. Povecanje stepena pouzdanosti mreza se moze postiéi brzim uvodenjem savremene zastite i

izgradnjom izvora u visokonaponskim i srednjenaponskim mrezama.

Pitanja:

1. Dali u transformatorskim stanicama 110/10 kV, za koje je dat pregled ispada ima ugradene savremene zastite?

2. Ako ima, bilo dobro da se daju odvojeni podaci za razli€ite tipove zastite. MoZe i na nekim drugim objektima, ako su objekti
obradeni u radu svi pokriveni klasiénom relejnom zastitom?

Preferencijalna tema 3
Telekomunikacije u elektrodistributivnim mrezama
Struéni izvestilac: Miodrag PASCAN, PD ,Elektrovojvodina“ d.0.0. Novi Sad, Srbija

R-4.26 BEZBEDNOST | RUKOVANJE PODACIMA U PAMETNIM MREZAMA
Autor: V. JOSIPOVIC, JP ,Elektromreza Srbije®, Srbija
Recenzent: S. KUZMANOQVIC, ZP ,Elektrokrajina“ a.d. Banjaluka, Republika Srpska

U radu je obradena tema koja je veoma znaajna u vremenu postojanja i ekspanzije pametnih mreza. To omogucuje prisutnost kod
krajnjeg korisnika, kao i veliki broj podataka potrebnih | isporu€iocu usluge i korisniku. Obradena je svetska praksa i prijedlozi nagina
rieSavanja problema zastite podataka u pametnim mrezama sa uvodenjem zakonske regulative i protokola koji reguliu ovu oblast.
Data su dobra obrazlozenja i moguéi naini ugroZavanja podataka u pametnim mrezama, $to je veoma korisno za ljude koji odluéuju
i konkretno rade na ovim poslovima. Tema je interesantna i korisna, i bice prisutna i u buduénosti sa moguéno$¢éu usloznjavanja, $to
¢e opet zavisiti od daljeg razvoja pametnih mreza.

Pitanja:

1. Dali autor ima saznanja o primjeni PKI na naSim prostorima?

2. Dalli postoji zakonska ili neka druga vrsta regulative u ovoj oblasti?

3. Dallivec¢ nailazio na problem ugrozenosti podataka u svom radu?

R-4.27 PRIMENA OPTICKOG DIGITALNOG SISTEMA PRENOSA ZA POTREBE SISTEMA DALJINSKOG
UPRAVLJANJA PD "ELEKTRODISTRIBUCIJA BEOGRAD" D.0.0.

Autori: P. KUZMANOVIC, S. JOVANOVIC, PD ,Elektrodistribucija Beograd d.o.0. Beograd

Recenzent: M. PASCAN, PD ,Elektrovojvodina®, d.0.0. Novi Sad

U radu se detaljno opisuje arhitektura i realizacija digitalnog optikog sistema prenosa na opti¢kim relacijama u vlasnistvu PD EDB i

objekata do kojih postoje opticki linkovi. Vecina tih objekata su EEO, ali ima i vaznih poslovnih objekata PD EDB.

U radu su date blok Seme svih realizovanih optickih TK pravaca, sa podacima o TK servisima, koji su implementirani po objektima.

Dati su, dosta detaljni, opisi sistema ,multipleksiranja“ u uredajima tipa univerzalnih multipleksera, koji se primenjuju u realizaciji TK

pravaca.

Posebno je dosta detaljino opisano koriS¢enje primenjenog/realizovanog reSenja za potrebe prenosa podataka za SDU, gde se

koristi protokol IEC 870-5-101 i interfejsi RS-232. Opisan je i primenjeni vazan sistemski softver za centralizovani nadzor

realizovane opticke mreZe.

Koncizno je analizirana i moguénost povezivanja realizovanog sistema sa TK sistemom JP EPS.

Pitanja:

1. U radu nema vremenskih odrednica kad je sistem izgraden. Kada je sistem pusten u rad u prikazanoj konfiguraciji, sa opisanom
aktivnom opti¢kom opremom?
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2. Koliko pouzdano radi implementirana oprema i koliko su korisnici zadovoljni realizovanim TK servisima (pa i u odnosu na ranija
reSenja koja je TK opticki sistem prenosa funkcionalno zamenio)?

3. Da li su pre realizacije implementiranog sistema analizirane tehnicke i ekonomske karakteristike moguce alternativne
tehnologije za realizaciju potrebnih optickih linkova (IP prenos po opti¢kim viaknima)?

4. Dali je pre i u toku realizacije implementiranog sistema postojala neka projekina dokumentacija, kojom su definisana
implementirana reSenja, posebno na lokacijama gde se opticka mreza grana i gde se formiraju opticki prstenovi, kao i na
mestima / lokacijama gde se povezuju dva ve¢ formirana opticka prstena?

5. Dalije pre i u toku realizacije implementiranog sistema postojala montazna dokumentacija TK opreme za pojedine objekte, u
kojoj je bila definisano instaliranje / montaZa i povezivanje definisane optike opreme, opreme za napajanje i rezervno
napajanje i neophodne pasivne opticke opreme kao i povezivanje na polozene i terminirane spojne opticke kablove po TK
pravcima?

6. Koliko UMUX uredaja je implementirano na lokaciji Slavija i u objektu ,Blok 20*?

R-4.28 IMPLEMENTACIJA DIGITALNOG RADIO-SISTEMA ZA PRENOS GOVORA PD "ELEKTRODISTRIBUCIJA
BEOGRAD" D.0.0.

Autori: P. KUZMANOVIC, N. ANTIC, PD ,Elektrodistribucija Beograd“ d.0.0. Beograd

Recenzent: M. PASCAN, PD ,Elektrovojvodina®, d.0.0. Novi Sad

U radu je detaljno opisana arhitektura i implementacija digitalnog mobilnog radio (DMR) sistema kako je to uradeno u PD EDB.

Opisane su nove i napredne funkcionalnosti’korisnicke TK servise koje ima implementirani DMR, i kako su te funkcionalnosti

primenjene i prilagodene organizacionoj strukturi PD EDB, formiranjem osam korisnickih grupa radio-uredaja obuhvaéenih

sistemom. DMR je obezbedio primenu vaznih novih servisa: prenosa kratkih tekstualnih poruka, implementaciju lokacijskog (GPS)

servisa i automatski neprimetni ,rooming“ mobilnih radio uredaja izmedu servisnih zona ripitera, koji imaju posebnu i dragocenu

vrednost u povecaniju efikasnosti i bezbednosti u radu mobilnih i servisnih ekipa na konzumnom podrudju PD EDB.

Pitanja:

1. Koliko mikrotalasnih radio-kanala se koristi u sistemu digitalnih radio relejnih likova samo za potrebe implementiranog DMR
sistema?

2. Dallisu radio kanali (10 x Dx + 4 x Sx) iz VHF opsega novi radio-kanali, ili su ovi kanali koriS¢eni ve¢ i ranije, u okviru analognog
radio-sistema koji je kori§¢en u PD EDB u prethodnom periodu?

3. Dali se na svakoj od Sest ripiterskih lokacija koriste po dva fizicka Dx radio-kanala, koji su medusobno razliciti ili se neki fizicki
radio-kanali ponavljaju na nekoj od lokacija?

4. Koliko komunikacionih/saobraéajnih logi¢kih kanala se koristi u DMR sistemu PD EDB?
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EC 4 Report
CONTROL AND PROTECTION OF DISTRIBUTION SYSTEMS

Chairman — Dugan VUKOTIC, M.Sc.
PD “Elektrodistribucija Beograd“ d.0.0. Beograd, Serbia

Within the period foreseen for acceptance of papers and after being reviewed by the reviewers and referees, 29 papers were
accepted, and all of them passed as academic papers. Taking into account a large number of papers in the session and for the sake
of greater efficiency of work in sessions, the papers were classified into three subjects, by putting together the preferential subjects
from the call for writing papers:

Subject 1 - Electricity distribution systems control

The referee is Dusko Bekut, M.Sc.,from the Faculty of Technical Sciences of Novi Sad. Within this subject 7 (seven) papers
were accepted in accordance with preferential subjects from the call for writing papers:

o Strategies applied in the SCADA system replacement.

¢ Implementation of energy applications in electricity distribution companies.

o Automation of electricity distribution systems.

e Communication standards and interoperability standards for IT integration.

Subject 2 - Protection of electricity distribution networks

The referee is Bogdan Funduk from PD “Elektrodistribucija Beograd® d.0.0. Beograd. Within this subject 19 (nineteen) papers were
accepted in accordance with preferential subjects from the call for writing papers:

o Strategies applied in reconstruction of relay protection and introduction of the supervisory and control system in substations.

¢ Implementation of communication systems for protection and control purposes.

e Aspects of protection reliability based on the IEC 61850 standard.

o Impact of distributed production on the traditional (conventional) protection systems.

Subject 3 - Telecommunications in electricity distribution networks

The referee is Miodrag Paséan from PD “Elektrovojvodina“ d.o.o. Novi Sad. With this subject, 3 (three) papers were
accepted in accordance with preferential subjects from the call for writing papers:

o Safety aspects in the approach to information and the exchange thereof.

o Communication techniques and protocols for Smart Grids and remote control readout.

¢ Interdependence between the electricity distribution networks control and the communication infrastructure.

When writing the reports, the referees were guided by the observations, comments and questions presented by the
reviewers, for which they express their gratitude.

THE REFEREES’ REPORTS
Subject 1:

Electricity Distribution Systems Control
Referee - Dusko BEKUT, M.Sc.,from the Faculty of Technical Sciences of Novi Sad, Serbia

R-4.01 IMPLEMENTATION OF RADIO-SYSTEMS FOR REMOTE SUPERVISORY CONTROL OF THE MEDIUM-
VOLTAGE ELECTRICITY DISTRIBUTION NETWORK PD EDB
Authors: D. VUKOTIC, N. ANTIC, PD “Elektrodistribucija Beograd“ d.0.0. Beograd

V. MILEN[(OVI,C, ‘Radius South East Europe“ d.o.0. Ni$
D. KOVACEVIC, S. MILOSAVLJEVIC, Electrical Engineering Institute “Nikola Tesla“ Beograd
Reviewer: M. PASCAN, PD “Elektrovojvodina“, d.0.0. Novi Sad

The paper deals in detail, with the complex architecture, concept and implementation of the new radio-systems for remote
supervisory control of the medium-voltage electricity distribution network PD EDB, which has completely replaced the two existing
coupled radio systems for data transmission by the Remote Control System, which had been long in operation.

The initial technical requirements of PD EDB are given, as they were to be fulfilled by the new radio system and which have actually
been fulfilled by the implemented system. The communication chart of the new radio system is presented as well as the components
of which the system is composed, from the top to the bottom of hierarchy. The applied system of implemented equipment
redundancy is described in the way it has resulted in high availability of the new radio system and high reliability Remote Control of
data transmission by means of the radio network for the needs of the medium-voltage distribution network.

Questions:

1. Does the system use only monochannel radio devices with analogue FM modulation?

2. What is the total number of UHF radio channels used in the system, and how many radio channels are used at the higher and
how many are used at the lower level of hierarchy? Are all of them duplex radio channels? What is the frequency bandwith of
used channels (25 kHz)?
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3. The “high rate of radio-connection availability requirement" is mentioned in the text, but the authors do not give any information
on the required rate of availability given in the terms of reference (for example, 99 per cent or some other value), which kind of
information must be of interest to a wide circle of readers. What is the required availability, and what is the achieved availability
in the implemented system in the connections of higher and lower level of hierarchy?

4. What speeds of of data transmission in remote control system are used at the higher and lower hierarchy of radio network? se
koriste na viSem i nizem hijerarhijskom nivou radio-mreze?

5. What is the adopted/applied strategy (“pooling” or some other kind) for communication of concentrators with peripheral plants
and for communication of peripheral concentrators towards CU??

6. What frequency band is used for implementation of the peripheral concentrators’ radio connections with CU (is it the also the
UHF band) and how is simultaneous undisturbed link functioning (on the concentrators’ locations) provided towards CU and
radio links towards the peripheral Remote Plant Control System?

R-4.02 IMPLEMENTATION OF RADIO-SYSTEMS FOR REMOTE SUPERVISORY CONTROL OF THE MEDIUM-
VOLTAGE ELECTRICITY DISTRIBUTION NETWORK PD EDB

Authors: T. STOJANOVIC, T. VRACARIC, Institute “Mihajlo Pupin — Automatika*“ Beograd
D. VUKOTIC, PD “Elektrodistribucija Beograd“ d.0.0. Beograd

Reviewer: S. KUZMANOVIC, ZP “Elektrokrajina“ a.d. Banjaluka, Republic Srpska

The paper deals with implementation of the system for remote supervisory control of the medium-voltage network, which is a very
interesting topic from different points of view. Actually, it includes several different segments which have been developed in different
institutions and which are bound, giving the results shown in the paper.

This kind of medium-voltage network control is a great relief to distribution companies and a great step forward in the implementation
of new technologies. Medium-voltage network control as shown in the paper, will have a significant impact on the fulfilment of
standards in respect of electricity supply quality and continuity.

Questions:

1. It would be interesting to have the authors present information on the extent to which this system has improved the operation of
control centres and mobile teams?

2. What is the type and size of the impact of the applied system on the length of interrupted supply in the network?

R-4.03 VIDEO WALL - NEW TOOL FOR SUPERVISORY CONTROL OF THE DISTRIBUTION NETWORK
Authors: M. BACLIC, Z. KRUNIC, PD “Elektrovojvodina“ d.o.o0. Novi Sad
Reviewer: D. VUKOTIC, PD “Elektrodistribucija Beograd® d.0.0. Beograd

The paper presents a state of the art solution of a graphic system for representing the system/subsystem for supervisory control of
an electricity distribution network of one electricity company. Although the authors emphasize that a new supervisory control tool is
concerned, the paper deals with a familiar technical solution of a graphic representation (‘wall display“) which, owing to intensive
technological development is becoming year by year technologically more advanced, both in respect of the panel size, as well as in
respect of its technical performances. As the presented technical solution has been implemented in a control centre at the top level
of an electricity distribution company, the technical solution alone efficiently integrates all available subsystems for the purpose of
supervisory control of the electricity distribution PD “Elektrovojvodina“ (SCADA system), system for energy estimates (DMS), plants
security system, geographical information system (GIS), etc.).

Questions:

1. Was an analysis made during the control centre modernization (DDC EV) from the aspect of ergonomics?

2. As the only activity practiced within the control centre (DDC EV) is supervision, were the possibilities of executing some control
actions there taken into consideration when setting the graphic system parametres?

3. It should be explained in detail how communication was realized with electric power plants which are within the competence of
the superior RDC JP “EMS*? It should also be explained more explicitly in detail what kind of information is gathered.

4. As emphasis is made on supervision over the electricity distribution system of PD EV, why have the lists of events, alarms and
faults been removed from the graphic system, as that is contrary to the current practice within the control centre? As the above
lists need to be monitored within the realized environment, where are the above lists monitored?

5. It should be precisely explained how an estimate of power distribution by substations is made according to assumed gauging by
transmission line fields and why, in that sense, a power flow estimate already realized within the DMS environment has not
been used.

6. Is the application for keeping a “dispatcher’s log-book” integrated in the presented technical solution?

R-4.04 IMPLEMENTATION OF THE SMART GRID CONCEPT IN THE DISTRIBUTION SYSTEM
Authors: D. DAVIDOVIC, N. TRIFUNOVIC, D. CUKQOVIC, B. VUKOVIC, “Global Substation Solutions®, Beograd
Referee: D. BEKUT, M.Sc.,from the Faculty of Technical Sciences of Novi Sad,Serbia

The paper deals with a very current topic. The “Smart Grid“ concept will certainly be considerably present in the electricity distribution
networks. The authors gave a general review of applied concepts and presented the aspects thereof in connection with certain
network entities. The review was made on the global level and describes in sufficient detail all basic elements. It is mentioned in the
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literature that the used material is in connection with the information structure of solution for the “Masdar” project, which was one of
the most progressive projects in respect of its initially conceived solutions.

Questions:

1. Where did the authors find the information that wind generators commitment will be controlled from JP EMS? That is not
generally done; the issue of generation and control of distribution generators is regulated by bilateral agreements between the
distributers and generator owners, and very often commitment to a great extent results from the state of the electricity
distribution network and its topology (and by voltage controllers adjustment, as well as controllers protection) which is only the
distribution operator’s responsibility.

2. In addition to the advantages mentioned by the authors in the paper, have the authors considered the issue of limitations in
network functioning? For example, network functioning in connection with voltage and current limitations, limitations in
connection with reversing power flow, limitations in connection with voltage regulator operation, as well as with relay protection.

3. Do the authors have any indicators in connection with the financial effects of the*Smart Grid* concept implementation?

R-4.05 ASPECTS OF INTRODUCTION OF REMOTE SUPERVISORY CONTROL IN THE DISTRIBUTED SOURCES
OF PRODUCTION

Authors: M. KRZISNIK, S. GOLOB, “Sipronika“ d.0.0. Ljubljana,Slovenia
M. SVAJGER, “Elektro Ljubljana* d.d. Ljubljana, Slovenia

Reviewer: Z. SUBASIC, PD “Elektrovojvodina“ d.0.0. Novi Sad, ED “Ruma*

The subject of the paper is the introduction of remote supervisory control of distributed production sources. The importance of
introducing such a system due to the trend of increased connected power of Distributed Sources (DS) in the electricity distribution
network. A review is given of the existing technological solutions in this field, as well as the guidelines for introducing the remote
supervisory and control system. As an example, a description is given of the remote supervisory and control system project of hydro
power plants and solar power plants within the electricity distribution company in Slovenia.

Questions:

1. Are there any defined technical conditions, on the level of system operators in Slovenia, for connection of Distributed Sources
(DS) to the electricity distribution network?

2. lIsinsular operation of distributed sources (DS) permitted?

3. What is the interest of the investors (owners) of distributed sources (DS) in taking part in the implementation of the remote
supervisory and control system process, bearing in mind that this process assumes capital investment (costs)?

4. Which part of the project given in the example was most difficult to realize, and which subsystem of the remote supervisory and
control system was most difficult to implement: subsystem in Distributed Sources, communication subsystem or subsystem in
control centre, and why?

R-4.06 INTEGRATION AND CENTRALIZED MAINTENANCE OF CONFIGURATION DATA FOR SCADA/EMS/DMS
SYSTEMS

Authors: E. VELJKOVIC-GRBIC, T. STOJANOVIC, T. VRACARIC, Institute “Mihajlo Pupin - Automatika“ Beograd

Reviewer: D. NIKOLIC, PD “Jugoistok® d.0.0. Ni§

The authors have given in their paper the proposed conceptual design of the data base architecture and software design for
optimization and configuration of mutual process connections between the SCADA and DMS/EMS applications. Taking into
consideration the provisions of IEC standard series 61970, 61968 and 61850, the authors propose partial decomposition of the
database source in the SCADA and DMS/EMS applications, in order to separate the common data important for the configuration of
mutual connections and provision of conditions for their centralized maintenance. Through the description of the software package
functionality, emphasis is put on the application and consideration of the common semantic definition of processing and meta data
from the process level (field, substation...), up to the SCADA/DMS/EMS systems in the control centres, as a unique pre-condition for
their further optimization and development.

Questions:

1. Has the proposed software platform already been applied anywhere and what is the recent experience in the application thereof

2. Taking into account that most of the separately acquired EMS/DMS and SCADA software have their own editors, which as a
rule have some specific features offering the users a limited set of functionalities, is it possible and, if so, under which terms is it
possible to use the “System configurator” in software from different manufacturers?

3. Is purchasing SCADA/JEMS/DMS software packages technologically and economically justified according to the authors’
opinion?

R-4.07 HISTORICAL DATA IMPACT ON ERRORS IN ESTIMATES OF THE STATE OF ELECTRICITY
DISTRIBUTION NETWORKS
Authors: Z. SIMENDIC, PD “Elektrovojvodina“ d.o.o0. Novi Sad, ED “Sombor*

G. SVENDA, Faculty of Technical Sciences of Novi Sad, Serbia
I. CIFRA, Sombor
Reviewer: D. BEKUT, the Faculty of Technical Sciences of Novi Sad, Serbia
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The paper deals with the issue of estimates of the state in electricity distribution networks. For that purpose, a distribution estimator
is used. The mathematical model used in the estimator is presented in detail, as well as the required data for the estimate. As the
number of measurings in the electricity distribution network is limited, historical data on the demand are also used, in order to
complete the set of data required for the estimates. The impact of historical data on the results is actually analyzed in the paper. The
analyses were made on the example of the real electricity distribution network in ED “Sombor* and the corresponding conclusions
were drawn.

Questions:
1. Do the authors have any recommendations as to how often diagrams of demand need to be updated for different types of
consumers?

2. ltis stated in the paper that data on maximum loads are more important for a load estimate compared to the demand diagram.
Are any thoughts given to the idea of establishing a certain business rule, at ED “Sombor®, on the basis of which data on
maximum demand would be periodically entered into the estimate programmes?

3. Have the authors estimated what amount of work needs to be invested, on an annual basis, in order to avoid major deviation of
the estimate results in their network? This is potentially an important piece of information required for programme maintenance.

Subject 2:
Protection In Electricity Distribution Networks
Referee: Bogdan Funduk, PD “Elektrodistribucija Beograd* d.o.o0. Beograd

R-4.08 DISTRIBUTED BUS PROTECTION APPLICATION IN A PLATFORM FOR PROCESS BUS DEPLOYMENT
IN THE SMART SUBSTATION
Authors: J. CARDENAS, GE Digital Energy, Spain

D. McGINN, M. MILLER, I. VOLOH, GE Digital Energy, Canada
R. HUNT, GE Digital Energy, USA
Reviewer: Z. RISTANOVIC, Energotehnika Juzna Backa, Novi Sad, Serbia

This paper describes an application of intelligent processing unit (PIU) and "process bus" in microprocessor protection. An example
of this application is the described distributed bus protection. This paper particularly emphasized the advantage of using the PIU and
"process bus". It was particularly emphasized that full implementation of experiments is also reflected in using the protocol IEC
61850 in the smart grid. Extension of this system is easily possible.

Questions:

1. The reviewer has experience working with distributed bus protection. The biggest problems were with the communications
between the central unit and the bay unit. How should the bus protection behave in case of loss of communication with one bay
unit?

2. Are there any additional backup protection functions in the bay units?

R-4.09 SIMPLIFIED PROTECTION SYSTEM DESIGN FOR DISTRIBUTION SUBSTATIONS
Authors: R. HUNT, GE Digital Energy, USA

J. COURSEY, S. HIRSCH, Orion New Zealand Limited, New Zealand

J. CARDENAS, GE Digital Energy, Spain
Reviewer: Z. RISTANOVIC, Energotehnika Juzna Bagka, Novi Sad, Serbia

This paper deserves the attention of experts in Serbia in order to analyze how to perform the reconstruction of management and
protection at home and abroad. The reviewer will allow himself the freedom to present through some comparison, on the basis of
reading this paper and taking into account the situation in Serbia, what is particularly emphasized in this paper:

- |EC 61850 has been used for many years in Serbia, so it is not inferior to the world in this respect. However, it is behind in the
use of GOOSE messages without duplication with wires;

- The world has begun to use the PIU (Intelligent Processing Units), while in Serbia there is no indication of the use thereof;

- The paper deals with the protection of two feeders using one microprocessor device. This has definitely been abandoned in
Serbia, which is thought to be right because of the safety factor, as the authors themselves point out in the paper;

- Due to the use of PIU, the authors believe that it is safer to relocate relays in relay cabinets out of the room with switchgear.
With us this is decided on a case by case basis. For new and metal clad switchgear all relays are installed in the low voltage
compartement on switchgear, which is quite justified.

Questions:

1. The authors say that the protection life is about 20 years and 40 for switchgears. What is the attitude of the author in terms of
auxiliary equipment (terminals, mcb-s, cables, etc.)?

2. The author mentions redundancy only in terms of protection functions. Was redundancy in communication cables also taken
into account due to the use of GOOSE messages?

3. It cannot be concluded from the paper how communication is made with the superior control centre?
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R-4.10 PROTECTION COORDINATION ISSUES IN DISTRIBUTED GENERATION SYSTEMS
Authors: D. BALAN, I. DOBRE, Distribution of electric power company subsidiary SouthernTransilvania, Romania
Reviewer: Z. RISTANOQVIC, Energotehnika Juzna Backa, Novi Sad, Serbia

The paper deals with a topic that is increasingly attracting the scientific community in Serbia. There are actually more and more
requests for connecting small power generators (DG) to the distribution system. The paper presents vividly several ways of
connecting to the distribution system. The paper gives the minimum protection functions that should exist in the relays and special
emphasis is given to the use of overcurrent protection with inverse characteristic.

It is particularly emphasized, as shown in one example, that any connection to any distribution system requires a separate
calculation of the maximum and minimum short circuit in order to obtain images as to the impact it can have on the existing system
of protection and the requirement to make changes.

Questions:
1. What are the factors that influence the method of connection of a small power generator to the distribution system?
2. Does the author have any practical experience in a particular example of the network?

R-4.11 EXPERIENCE IN INTRODUCING NEW LOCAL AND REMOTE CONTROL IN 110/x kV SUBSTATIONS
Author: M. ZDRALOVIC, “Elektroprenos B&H* a.d.
Reviewer: Z. SUBASIC, PD “Elektrovojvodina“ d.0.0. Novi Sad, ED “Ruma*

The subject of the paper is introduction of a local and remote supervisory control system for 110/x kV substations. The paper
presents the criteria for selection of the harware and software platform on which these systems were realized, the criteria which were
crucial in terms of selection of substations to be included into the system, as well as the level set in the selected substations in
respect of replacement of the existing protection and control equipment. The crucial points are given in respect of the selection of
IED and sites for the assembly thereof in the substations, as well as a brief description of implementation of the specific “SCADA
systems in the B&H" project.

Questions:

1. What standards have been applied in ISAS, regarding communication between IED in a substation and communication between
RTU in a substation and the control centres?

2. What computer network topology (LAN) is used in a substation for connecting IED in ISAS?

3. Are there any protection/control functions performed in the reconstructed 400/220/110 kV substations by means of using LAN
for data transmission between IED, and if so, which ones?

R-4.12 REPLACEMENT OF THE SCADA SYSTEM IN 110/35/20 kV SUBSTATION "LEDINCI"
Authors: V.NESIC, A. CAR, V. VUurevi¢, Institute “Mihajlo Pupin — Automatika“ Beograd

D. VOJNOVIC, PD “Elektrovojvodina“ d.0.0. Novi Sad

Z. GOLUBOVIC, PD “Jugoistok d.0.0. Ni§, ED “Leskovac"
Reviewer: Z. SUBASIC, PD “Elektrovojvodina“ d.0.0. Novi Sad, ED “Ruma*

The subject of the paper is replacement of the SCADA system in 110/x kV substation “Ledinci“. The reasons which led to the SCADA
system replacement are given in the paper, the replacement procedure is described, indicating the issues which had occurred during
the replacement procedure. A description of the new SCADA system is given and so is the experience as well as the issues in
connection with the performed replacement.

Questions:

1. Can the author present information on how much the conversion process influences the response time (information delay)
compared to the response time, when there is no protocol conversion?

2. What does the “acceptable 5-6 seconds™ delay mean for two-stage control? Are these results in compliance with the applied
standard?

3. Does the author have any experience in respect of connecting IED of different manufactures in one electric power plant into a
single automation system? What is the author’s opinion of the operability concept? To what extent is it actually applicable?

R-4.13 THE ANALYSIS OF OPERATION EVENTS IN THE 110 kV ELECTRIC POWER SYSTEM UNDER
CONSTRUCTION

Authors: M. DORBPEVIC, I. JAGODIC, JP “Elektroprivreda Srbije"

Reviewer: S. RAFAILOVIC, PD “Elektrodistribucija Beograd* d.0.0. Beograd

The authors have presented some events in the paper without any reserve and hesitation, for which they should be complemented,
indicating all imperfections in the coordination of the protection system even in the case of Thermal Power Plant “Kolubara”, as well
as towards the 110 kV network. The main objection is that the conclusions are rather mild and indefinite, and that attempts were
made to find an excuse for some issues in the negligence and will of the supplier. That is why the conclusions do not clearly give
what should be the main forthcoming task: coordination and readjustment of parametres of all given types of protection. On account
of that conclusion, the following questions need to be addressed to the authors:
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Questions:

1. Why, even after so many years, 110 kV bus bar protection has not been installed at such a plant as Thermal Power Plant
“Kolubara*? For such a plant, taking into account the fall in prices of those installations, particularly in the recent decade, the
financial aspect certainly should not be an obstruction?

2. If all remote protection capacities were utilized (conditional simultaneous disconnection/disconnection blocking at both
terminals), fault elimination would be made in the first stage with a 100 per cent certainty. Why is the “blocking” function (there is
a VF connection), or any other, not used, in spite of the comparatively great length of lines? Fault No.1 would, in that case, be
selectively eliminated

R-4.14 IMPROVEMENT OF FUNCTIONS DEVICE FOR MICROPROCESSOR PROTECTION OF 110/x kV
TRANSFORMER
Authors: S. SPREMIC, M. SENTIN, PD "Elektrovojvodina" d.0.0. Novi Sad, Head Office Operation Department

D. PETROVIC, PD “Elektrovojvodina“ d.o.0. Novi Sad, Branch Office ED “Subotica®
Z. RISTANOVIC, Energotehnika Juzna Backa, Novi Sad
Reviewer: G. BUKIC, Faculty of Electrical Engineering, Belgrade

The paper concerned is very interesting, from the aspect of presented technical solution. However, it would be of interest to clarify
the following:

Questions:

1. What are the basic motives which made the authors consider and propose the technical solution (realization of the function of
voltage regulation, at 110/x kV substation, in the installation for basic protection of the power transformer) presented in the
paper?

2. Do the authors really believe that the former practice of using installations for automatic voltage regulation in 110/x kV
substations (on the principle of separate hardware entity at substation level) has some disadvantages compared to the idea
elaborated in the paper (and are these advantages eliminated with the proposed technical solution)?

R-4.15 TIME SYNCHRONIZATION IN ELECTRIC POWER SYSTEMS

Authors: T. TEKAVEC, P. ZAGOZEN, “Sipronika“ d.0.0. Ljubljana,Slovenia
J. SMUKAVEC, “Elektro Gorenjska“ d.d. Kranj, Slovenia

Reviewer: Z. SUBASIC, PD “Elektrovojvodina“ d.0.0. Novi Sad, ED “Ruma*

The paper describes synchronization time methods in the Electric Power System. It gives a list of subsystems in which the
synchronization function is important, as well as protocols used for this purpose. The paper gives information on time
synchronization measurings depending on the existing equipment, communication infrastructure and communication protocols. At
the end follows a brief review of standards from this field.

Questions:
1. For which processes in the Electric Power System is it necessary, to the author's mind, to set the strictest terms for time
synchronization?

2. What determines which protocol will be applied for time synchronization?

3. How do time deviations given in the part of paper concerning measurings in the real system influence the monitoring of a
specific process in the Electric Power System?

4. The paper refers to the AMR system, which is a segment of “Smart Grids*. How important is it and what are the requirements for
time synchronization in this system?

R-4.16 VARIOUS CONCEPTS OF INDUSTRIAL PROTOCOL REDUNDANCY DEPENDING ON THEIR
TRANMISSION ROUTES

Authors: D. GLISIC, V. NESIC, G. KONECNI, N. KRAJINOVIC, Institute “Mihajlo Pupin — Automatika“ Beograd

Reviewer: S. DUBACKIC, PD “Elektrovojvodina“ d.0.0. Novi Sad

The paper gives a review of the implementation of redundancy solutions for serial connections in industry (RS-232 and RS-485)
which have been, for quite a long time used (and are still used) as a dominant transmission route. The paper also gives the reasons
for transition to Ethernet communication protocols. As the main feature of the paper, prevails the idea to shift the responsibility for
redundant transmission routes control from the server (which was the case in serial connections) to the network installations (in
Ethernet). This is in fact a logical approach, and also the trend in state of the art technologies.

The paper describes several solutions used in ensuring redundancy in using Ethernet communication, as well as the possible
application of some of them. At the end, it gives a concrete example of redundancy ensurance of a SCADA system.

Questions:

1. Do the authors of the paper have any practical experience in the application of Ethernet protocols used for redundancy
ensurance and what are the times for establishing the redundancy route in the implementation of e.g. the Rapid Spanning Tree
protocol (order of magnitude)?
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2. What are the tolerated times in electric power plants for establishing a redundant connection and is the only solution in that case
the “Parallel Redundancy* protocol?

R-4.17 THE PRINCIPLE OF PROTECTION AGAINST THERMAL OVERLOAD AND THE ADJUSTMENT THEREOF
Authors: B. SKORIC, Faculty of Electrical Engineering, Belgrade

Z. RISTANOVIC, Energotehnika Juzna Backa, Novi Sad,

S. CVETKOVIC, M. ALEKSIC, “Siemens* d.0.0. Beograd
Reviewer: D. BEKUT, Faculty of Technical Sciences, Novi Sad

The paper deals with the basics of thermal calculations. An analysis is given of simple thermal models based on the current and
impact of environmental temperature. It can be seen in the given literature which international vendor was taken as an example in
the selection of model. The general remark is that all international vendors use certain models (different vendors use different
models which are generally simplified and in some situations they are better or worse than the other models. The fact is that there is
no universally good model for all elements, and therefore in precise calculations separate models are used for each type of element
of the electric power system. In several examples in the paper, the results were calculated on the basis of the model and then
compared with the measured results. The difference between the calculated and measured results is less than 1 per cent, which is
for thermal measurings unexpected accuracy. The paper does not give any details as to how the measurings were realized. The
authors gave a very brief explanation that minor errors are the consequence of certain freedom in connection with the estimated
load.

Questions:

1. An estimate of the previous load is important for a good calculation. How did the authors take into account the previous load in
the calculations?

2. In real situations, all errors below 10 per cent and even 15 per cent would be considered to be a very good result, as it is very
difficult to eliminate in thermal measurings the impact of losses and non-variability of environmental conditions on measuring
accuracy. Have the authors given any consideration to introducing the fine adjustment coefficient in the model, which would
provide an adjustment (fitting) of results in the sense of achieving considerable similarity between the measured and calculated
results? In this way the previous load estimate could be taken as it actually is by means of SCADA gauging.

3. The general models do not usually give sufficiently good results for application in real networks (e.g. in the case of cables, it is
necessary to take the geometry of cable trench, the presence and load of surrounding cables (thermally the most critical place is
actually at the cable beginning where there is also a cable arrangement), thermal conductivity of ground, ambient temperature,
etc). Have the authors given any consideration to the application of more complex models, where each model would be used for
strictly earmarked purposes for a certain type of the electric power system elements?

R-4.18 COMMENTS ON SOME NEW SOLUTIONS FOR PROTECTION OF 20 kv CONNECTIONS AND
AUTOMATION OF GROUNDING SWITCHES

Author: M. RADUNOVIC, V. MIJATOVIC, PD "Elektrovojvodina" d.o.0. Novi Sad, Branch Office ED “Sombor*

Reviewer: B. FUNDUK, PD “Elektrodistribucija Beograd“ d.0.o. Beograd

The paper presents coments on some new solutions for protection of 20 kV connections and automation of grounding switches. The
authors have summarized the former attempts to solve the issue of protection against dissymetrical load (interruption of conductor
away from the source) and automation of grounding switches. After some years of experience in using MPCU the bad solutions were
perceived and the good ones noted.

Questions:

1. What is the experience in respect of introducing protection against dissymetrical load?

2. What is the voltage like in case of interrupted conductor further away from the source and how long can disconnection of a
connection be delayed, and what is done in the case without any contact with the ground?

3. Grounding switch blocking, when there is a common resistor for 2 or 3 transformers?

R-4.19 ANALYSIS OF GROUNDING SWITCH TECHNIQUE AND PROPOSALS FOR PROMOTION OF ITS
FUNCTIONING

Author: B. MITROVIC, PD "Elektrovojvodina" d.0.0. Novi Sad, Branch Office ED “Ruma*

Reviewer: G. DUKIC, Faculty of Electrical Engineering, Belgrade

The paper presents in great detail, clearly and precisely, valuable experience in the functioning of the grounding switch technique
implemented during several recent years (the solution with vacuum switches with separate drive per pole and microprocessor relays
as installations in which grounding switch automation is implemented). By analyzing the functioning of the grounding switch
technique in the former period, the author, very thoroughly and concisely presents conclusions in the form of recommendations for
corrected adjustments of grounding switch automation with a purpose to improve the efficiency of this technique.

Questions:
1. How many 110/20kV substations are there in PD “Elektrovojvodina“ with implemented grounding switch automation?
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2. s all the experience within all ED branches within PD “Elektrovojvodina“ generally speaking, identical, as shown in the
discussed paper, or is there also some other kind of experience?

R-4.20 PRACTICAL CHECK OF APPLICABILITY IN RESPECT OF SETTING THE POSITION OF CONTROL
SWITCH BY USING PRIMARY AND SECONDARY WINDING CURRENT
Authors: S. SPREMIC, M. SENTIN, PD "Elektrovojvodina" d.0.0. Novi Sad, Head Office Operation Department

Z. RISTANO\/IC, Energotehnika Juzna Backa, Novi Sad
D. PETROVIC, PD “Elektrovojvodina“ d.0.0. Novi Sad, Branch office ED “Subotica“
Reviewer: B. FUNDUK, PD “Elektrodistribucija Beograd“ d.0.0. Beograd

The paper deals with the possibility of setting the position of control switch by using the primary and secundary (transformer) winding
currents. The paper describes the gauging and calculation method. A separate table shows the values calculated from the relation
between the currents and the recorded position of control switch. The paper furtheron also describes deviations from the real
positions and the reasons for that. The relations of primary and secondary voltage have given better results in calculated positions in
the case of lower loads. The paper concludes that this method can be used as backup information in case of breakdown of
installation for control switch position recording.

Questions:
1. For what purposes would the calculated information on the control switch position be used in the microprocessor installation?
2. s it possible to have a mixed calculation of the switch position, as current ratios for bigger loads, and voltage ratios for smaller

ones?

R-4.21 ANALYSIS OF METHODS FOR ELIMINATION OF THE DECLINING IMPACT OF THE SERIES
COMPONENT IN THE FOURIER ALGORITHM (FOURIER SERIES) FOR THE PURPOSE OF
DETERMINING THE MEASURING SIGNAL'’S BASIC HARMONIC AMPLITUDE APPLIED IN RELAY
PROTECTION

Author: V. BAJIC, Z. ADZIC, “Elektrokrajina‘, Banja Luka, Republic of Srpska
M. BURIC, Faculty of Electrical Engineering, Belgrade, Serbia

Reviewer: G. DUKIC, Faculty of Electrical Engineering, Belgrade

The paper analyzes different methodologies for elimination of the series component of fault current, which is practically a constant
subject of interest in view of the numerical algorithms on which the operation of microprocessor installations for protection of the
electric power system elements is based.

Questions:

1. What impact of the methods analyzed and presented in the paper can be expected in respect of determining the measuring
signal’s higher harmonics, which are also used in the algorithm for protection implemented in state of the art installations for
microprocessor protection?

2. Do in any way allocations of the measuring noise probability and other degrading parasitic influences in the measured signals
(in case a real noise signal has an allocation which is not subject to the normal Gaussian allocation, taking into account the fact
that the measuring noise has practically been neglected) have an impact on the methodologies analyzed in the paper?

R-4.22 MODELLING OF CURRENT REDUCERS’ MAGNETIZATION CURVE
Authors: LJ. MLADENOVIC, D. PREDIC, PD “Jugoistok d.0.0. Ni$
Reviewer: G. BUKIC, Faculty of Electrical Engineering, Belgrade

The paper illustrates another (in addition to the series of existing ones), new methodology in the modelling of power transformers
magnetization curve. A parallel is drawn between the methodology illustrated in the paper (application of the “spline” technique) and
methodology of approximation of power transformers magnetization curve based on the application of two (straight) lines.
Compliments must certainly be given to the commitment of colleagues coming from the world of “practice” in a segment which had
so far as a general rule been reserved for people from the faculty and institutes. The reviewer most sincerely hopes that this trend
will continue.

Questions:

1. It would be of interest to compare the result of the illustrated “spline” methodology also with other familiar and widely applied
power transformers magnetization curve modelling methodologies (e.g. the methodology of application of a bigger number
(bigger than two) of linear segments, methodology of final elements, methodologies defined in standards and referring to this
subject, such as IEEE Std C57.13-1993, |EEE Std C37.110-1996). The authors’ commented would be appreciated.

R-4.23 OF AUXILIARY POWER SUPPLY CONTROL IN MEDIUM-VOLTAGE FACILITIES
Authors: Z. KUVAC, M. RISTIC, “Kvazar*, Serbia
Reviewer: B. FUNDUK, PD “Elektrodistribucija Beograd“ d.0.0. Beograd
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The authors have systematically classified the auxiliary power supply issues both in respect of supervision as well as in respect of
reservation of backup voltage. In the conclusion they emphasize the importance of constant control of backup voltage and sources of
backup voltage voltage. After many years of experience in using auxiliary power supply, some state of the art measures are
proposed.

Questions:

1. How is the state of accu-battery determined (available capacity)?

2. Should double command (with + and -) be applied in cells RP35/20/10 kV which are isolated by gas SF6 and by three-
positioned separator-earthing switch (double earthing)?

3. The advantage of using dry batteries, accomodation and maintenance?

4. To what extent would a solution with modular rectifiers be responsible for rectifier redundancy?

5. Installation of permanent devices for earthing location?

R-4.24 PROBLEM DETECTION IN THE ELECTRIC DRIVE SUBSTATION JP “ZELEZNICE SRBIJE“
Authors: D. PETROVIC, M. LAZIC, “Iritel* a.d. Beograd

. KAMDZIJAS, D. CARAPIC, P. UROSEVIC, JP “Zeleznice Srbije*, Serbia
Reviewer: B. FUNDUK, PD “Elektrodistribucija Beograd“ d.0.o. Beograd

The paper deals with the issue of electric drive substation JP “Zeleznice Srbije* in Zemun.

By inserting a sensor, two types of problems have been detected:

- Irreguler changes of voltage on the side of 25 kV and low voltage (recorded on 6th June 2011)

- Too high and unstable direct voltage 110 Vjss.

On the basis of detected issues, the authors proposed immediate measures, but for some of them an additional analysis is required.
In the conclusion, the authors emphasize the advantage of using the supervisory system, of both primary and secondary as well as
auxiliary voltages.

Questions:

1. Were the changes in 25 kV voltage, as well as in auxiliary voltages observed in a longer time span, and only after that decisions
made and measures taken?

2. How is the state of accu-battery and rectifier determined? Is only a 24h diagram relevant?

3. Were any considerations made in the terms of reference to separate the high voltage issue from the auxiliary voltages?

R-4.25 EXTREMELY HIGH FREQUENCIES OF TRANSFORMER OUTAGES ON THE OUTSKIRTS OF THE
URBAN CABLE AND SUBURBAN OVERHEAD ELECTRCITY DISTRIBUTION NETWORK 10 kV WITH
GROUNDING THROUGH 20 Q AND 400 Q RESISTANCE

Author: T. MILANOV, PD “Elektrodistribucija Beograd® d.0.0. Beograd

Reviewer: S. KUZMANOVIC, ZP “Elektrokrajina“ a.d. Banjaluka, Republic of Srpska

The paper describes in detail the state of distribution network in the EDB sector from the aspect of the age of the built-in equipment.
The state of network parts on the outskirts of the urban cable and suburban overhead electricity distribution network 10 kV with
grounding by 20 Q2 and 400 Q resistance. The paper contains quite a lot of data on the frequencies of transformer outages, as well
as on the calculations of values in the real network, on the basis of which the conclusions were drawn. It was concluded that the
network had been protected in the observed period in accordance with the available capacities of conventional relay protection.
Greater network reliability can be achieved by faster introduction of state of the art protection and construction of sources in the high-
voltage and medium-voltage networks.

Questions:

1. Do 110/10 kV substations, to which the outage review refers, have any built-in state of the art protection?

2. If they do, it would be good to give separate data for different types of protection. This also refers to some other facilities, if all
the facilities considered in the paper have conventional relay protection?

Subject 3:
Telecommunications In Electricity Distribution Networks
Referee: Miodrag PASCAN, PD “Elektrovojvodina“ d.0.0. Novi Sad, Serbia

R-4.26 SMART GRIDS IN TERMS OF DATA SAFETY AND HANDLING
Author: V. JOSIPOVIC, JP “Elektromreza Srbije”, Serbia
Reviewer: S. KUZMANQVIC, ZP “Elektrokrajina“ a.d. Banjaluka, Republic of Srpska

The paper deals with the subject which is very important at the time of existence and expansion of Smart Grids. It provides the
presence in respect of the end user, as well as a large number of required data for the service supplier and user. Examples of
practice applied throughout the world have been discussed and proposals given as to the ways of dealing with the issue of data
protection in Smart Grids, by introduction of legislation and protocol regulating this area. Good explanations and possible ways of
jeopardizing data in Smart Grids are given, which is very useful for people who make decisions and actually work in such jobs. The
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subject is interesting and useful and will be continually present and might become even more complex, which will again depend on
further Smart Grids development.

Questions:

1. Does the author have any knowledge on Smart Grids implementation in this region?
2. Is there any legislation or any other regulation in this area?

3. Has the author already encountered the issue of data jeopardy in his job?

R-4.27 IMPLEMENTATION OF OPTICAL DIGITAL TRANSMISSION SYSTEM FOR THE PURPOSE OF REMOTE
CONTROL WITHIN PD "ELEKTRODISTRIBUCIJA BEOGRAD" D.0.0.

Authors: P. KUZMANOVIC, S. JOVANOVIC, PD “Elektrodistribucija Beograd" d.o.0. Beograd

Reviewer: M. PASCAN, PD “Elektrovojvodina®, d.0.0. Novi Sad

The paper describes in detail the architecture and implementation of the digital optical transmission system by optical links owned by
PD EDB and facilities which are connected by optical links. Most of those facilities are Electric Power Plants, but there are also some
important business buildings owned by PD EDB.

The paper gives a block diagram of all implemented optical telecommunications routes (links), with information on
telecommunications service providers, implemented in the facilities. Rather detailed descriptions are given of the “multiplexing*
system in installations of universal multiplex type, applied in the implementation of telecommunications links.

A rather detailed description is given of the utilization of the applied/implemented solution for the purpose of data transmission for the
Remote Control System, where the IEC 870-5-101 protocol and RS-232 interfaces are used. A description is given of the important
implemented system software for centralized supervision of the optical network.

A concise analysis is also given of the possibility of connecting the implemented system with the telecommunication system of JP
EPS.

Questions:

1. The paper does not give any information as to when the system was constructed. When was the system put into operation in
the presented configuration, with the described active optical equipment?

2. How reliably does the implemented equipment operate and are the consumers satisfied with the realized telecommunication
services (also compared to the former solutions functionally replaced by the telecommunication optical transmission system)?

3. Were the technical and economic characteristics of possible alternative technology for implementation of required optical links
(IP transmission by fibre-optical cables) analyzed?

4. Were there any design documents before and during the realization of implemented system, defining the implemented project,
particularly at sites where the optical network branches and where optical loops are formed, also at places/sites where two
already formed optical loops are formed?

5. Were there any telecommunication equipment assembly (construction) documents for certain facilities, defining
installation/assembly and connection of the defined optical equipment, supply equipment and back-up supply and required
passive optical equipment, as well as connection to the placed and scheduled coupling fibre-optical cables along
telecommunications links?

6. How many UMUX installations have been implemented at the Slavija location in the “Unit 20 facility?

R-4.28 IMPLEMENTATION OF DIGITAL SPEECH TRANSMISSION RADIO SYSTEM PD
"ELEKTRODISTRIBUCIJA BEOGRAD" D.0.0.

Authors: P. KUZMANOVIC, N. ANTIC, PD “Elektrodistribucija Beograd* d.0.0. Beograd

Reviewer: M. PASCAN, PD ,Elektrovojvodina’, d.0.0. Novi Sad

The paper describes in detail the architecture and digital mobile radio (DMR) system implementation, as applied at PD EDB. New
and advanced functionalities/user telecommunications service providers contained in the implemented DMR, and how such
functionalities are applied and adapted to the PD EDB organisational structure, by forming eight radio user groups covered by the
system. DMR has provided application of important new services: transmission of short text messages, implementation of the
location-based (GPS) service and automatic imperceptible mobile phone “roaming” between the repeater service areas (zones),
which have a special and precious value in increasing the efficiency and safety of mobile and service teams at work in the consumer
supply sector of PD EDB.

Questions:

1. How many microwave radio channels are used in the digital radio link system only for the implemented DMR system?

2. Are the VHF radio channels (10 x Dx + 4 x Sx) new radio channels, or have they already been used before, in the analogue
radio system used in PD EDB in the former period?

3. Are two physical Dx radio channels, which are mutually different, used per each of the six repeater locations, or are some
physical radio channels repeated on some of the locations?

4. How many communication/traffic logical channels are used in PD EDB’s DMR system?
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R-4.01

IMPLEMENTACIJA RADIO-SISTEM ZA DALJINSKI NADZOR | UPRAVLJANJE SREDNJENAPONSKOM
ELEKTRODISTRIBUTIVNOM MREZOM PD EDB

D. VUKOTIC, N. ANTIC, PD “Elektrodistribucija Beograd” d.o.0. , Srbija
V. MILENKOVIC, “Radius South East Europe” d.o.0., Ni$, Srbija
D. KOVACEVIC, S. MILOSAVLJEVIC, Elektrotehnicki institut “Nikola Tesla”, Beograd, Srbija

KRATAK SADRZAJ

U radu je data arhitektura realizovanog radio-sistema za daljinski nadzor i upravijanje srednjenaponskom
elektrodistributivnom mrezom PD EDB d.0.0., koji u prvoj fazi realizacije obuhvata 105 elektroenergetskih objekata (88 (osamdeset
osam) 10 kV riklozera i 17 (sedamnaest) TS 10/0,4 u kojima su ugradeni motorizovani SN blokovi tipa RMU (,Ring Main Unit*) sa
daljinskim stanicama u okviru kojih su integrisane funkcije lokalne automatike).

Realizovani radio-sistem putem razvijene infrastrukture telekomunikacionog sistema, koji obuhvata 5 (pet) koncentratorskih i
9 (devet) repetitorskih tacaka, omogucava potpuno pokrivanje celokupnog konzumnog podru¢ja PD EDB i efikasnu integraciju
opreme za automatizaciju, bilo da se ona ugraduje u centralnim gradskim zonama ili na prigradskom podrucju. Radio-sistem je tako
koncipiran da omoguc¢ava jednoznaénu i jednostavnu integraciju opreme za automatizaciju koja ¢e se ugradivati u bliskoj buduénosti
na konzumnom podrucju PD EDB, pri ¢emu je realno da taj broj dostigne broj nekoliko stotina uredaja u narednoj deceniji.

Takode, u radu ¢e biti dat poseban osvrt na redundantnu arhitekturu realizovanog telekomunikacionog sistema, koji je tako
koncipiran da omogucava potpunu raspolozivost sistema putem automatske kontrole rezima rada uredaja unutar koncentratorskih
taCaka, kao i u okviru centralne koncentratorske jedinice na lokaciji Centra Upravljanja (CU) EDB.

Kljuéne re€i: SCADA, DNP3, radio-sistem, napredne mreze.

IMPLEMENTATION OF RADIO-SYSTEM FOR REMOTE MONITORING AND OPERATION OF MIDDLE VOLTAGE
ELECTRIC DISTRUBUITON NETWORK OF EDB - ,,ELECTRIC UTILITY OF BELGRADE"

ABSTRACT

This paper presents the architecture of the realized radio - system for remote monitoring and management of medium
voltage electric distribution network of EDB — Electric Utility of Belgrade, which covers the first phase of the 105 devices (88 MV
reclosers and 17 SS MV/LV where MV blocks motorized type RMU ("Ring Main Unit") are embedded with RTUs (,Remote Terminal
Units*) within the integrated functions of local automation).

Implemented radio-system with an strong infrastructure of telecommunications system, which includes 5 hubs and 9 repeater
locations, fully cover the whole consumption area of EDB and efficient integration of automation equipment, whether it is installed in
the urban city zones or the suburban area. Radio- system is designed to allow an efficient and simple integration of automation
equipment to be installed in the near future, within consumption area of EDB, where it is realistic that this number reaches hundreds
of devices in the next decade.

In this paper, special attention will be also given to the redundant architecture of the realized communication system, which is
designed to enable full system availability through automatic control mode of the devices within hub points, as well as to the central
unit at the location of central hub into Control Centre (CC) of EDB.

Keywords: SCADA, DNP3, radio-system, Smart Grids.
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R-4.02

IMPLEMENTACIJA SISTEMA ZA DALJINSKI NADZOR | UPRAVLJANJE SREDNJENAPONSKOM
ELEKTRODISTRIBUTIVNOM MREZOM PD EDB

T. STOJANOVIC, T. VRACARIC, Institut Mihailo Pupin — Automatika“, Beograd
D. VUKOTIC, PD “Elektrodistribucija Beograd” d.0.0. Beograd, Srhija

KRATAK SADRZAJ

U radu je prikazana arhitektura i funkcionalnost Sistema za daljinski nadzor i upravljanje nad srednjenaponskom
elektrodistributivnom mrezom (SCADA SN), koji je realizovan u okviru Pilot-projekta ,Radio-sistema za daljinski nadzor i upravljanje
srednjenaponskom elektrodistributivnom mrezom PD EDB".

Sistem za daljinski nadzor i upravljanje nad srednjenaponskom elektrodistributivnom mrezom (SNDM) je integrisan preko
TASE.2 protokola sa postojecim Sistemom za nadzor i upravljanje nad visokonaponskom elektrodistributivnom mrezom (SCADA
VN) u jedinstven Sistem Daljinskog Upravljanja (SDU) EDB. SCADA SN sistem je povezan sa dualnom centralnom komunikacionom
jedinicom na lokaciji Centra Upravijanja (CU ,Slavija“) putem DNP3 protokola, a preko koga se obezbeduje komunikacija sa
terminalnim uredajima (daljinskim stanicama i riklozerima) instaliranim za potrebe automatizacije SNDM mreze.

U radu je dat opis funkcionalnosti realizovanog aplikativnog softvera SCADA SN sistema, u okviru koga je posebno razvijena
funkcionalnost odgovaraju¢e MMI aplikativne podrske, putem koje se obezbeduje jedinstven nadzor i upravljanje nad SDU EDB. U
okviru MMI aplikativne podrSke obezbedene su sve funkcionalnosti postojeéeg SCADA VN sistema, a dodate su nove
funkcionalnosti za potrebe SCADA SN sistema (bojenje vodova, selektovanje elemenata, akcije nad elementima mreze, napredno
pretrazivanje elemenata mreZe, napredno konfigurisanie lista dogadaja, alarma i kvarova, topolo$ki proracuni, pozivi prikaza, itd.).

Takode, u radu ¢e biti dat poseban osvrt na sproveden proces integracije SCADA sistema, kao i prikaz procesa na integraciji
sa drugim podsistemima u okviru Integralnog informacionog sistema (1IS) EDB (GIS, TIS, CIS, itd.).

Kljuéne reci: SCADA, DNP3, TASE.2, HMI.

IMPLEMENTATION OF SYSTEM FOR REMOTE MONITORING AND CONTROL OF MIDDLE VOLTAGE ELECTIC
DISTRUBUITON NETWORK OF EDB - ,,ELECTRIC UTILITY OF BELGRADE"

ABSTRACT

This paper presents the architecture and functionality of the system for remote monitoring and control of medium voltage
power distribution network (SCADA MV), which was implemented under the pilot project "Radio-system for remote monitoring and
management of medium-voltage electricity distribution EDB — Electric Utility of Belgrade."

System for remote monitoring and control of medium voltage power distribution network (MVDN) is integrated over TASE.2
protocol with the existing system of supervision and control over high-voltage power distribution (SCADA HV) into a single remote
control system (RCS) EDB. MV SCADA system is connected to the dual central communications unit in the location of the Control
Centre (CC) "Slavija" via the DNP3 protocol, through which it provides communication with terminal devices (remote stations and
reclosers) installed for automation MVDN network.

The paper gives a description of the SCADA MV application software functionalities, in which function of the corresponding
HMI application support is developed, through which monitoring and control of the complete RCS EDB is provided. The HMI
subsystem provides all functionalities of the existing SCADA HV system, and the new functionalities for SCADA MV system are
added (power line coloring, selecting elements, the actions on distribution network elements, advanced search of network elements,
advanced configuration of list of events, alarms and faults, topological calculations, etc.).

Also, special attention will be given to the integration process of the implemented SCADA systems, as well as the process of
the integration with other subsystems within the Integrated Information System (IIS) EDB (GIS, TIS, CIS, etc.).

Keywords: SCADA, MVDN, Smart Grids.
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R-4.03

VIDEO ZID - NOVI ALAT ZA NADZOR | UPRALJANJE
DISTRIBUTIVNOM MREZOM

M. BACLIC, Z. KRUNIC, PD Elektrovojvodina doo, Srbija
KRATAK SADRZAJ

Potrebe za dostupno$céu velikog broja kvalitetnih, pouzdanih informacija u realnom vremenu na jednom mestu iznudila je
potrebu za modernizacijom Distributivnog Dispecerskog Centra Elektrovojvodine (DDCEV). Stari dispecerski centar nije mogao ni
tehnicki ni prostorno da odgovori zahtevima i potrebama koje su se postavile kao neophodne za dalji razvoj kompanije.

U radu su prikazane i objasnjene sve faze izgradnje i opremanja novog dispederskog centra. Na osnovu jasno definisanih
zahteva korisnika pristupilo se izradi projekinog zadatka, samog projekta, tehnickih reSenja, proceduri izbora izvodjaca radova,
nabavke opreme, izvodjenju radova i na kraju samog pustanja u rad novog centra. U okviru samog centra je po prvi put na ovim
prostorima instalirana Dinamicka Sinopticka Plo¢a (DSP) za potrebe nadzora i upravijanja distributivnom mrezom. Ovakva oprema
pruza velike moguénosti koje su iskoris¢ene u delu koji je mogu¢ u ovom trenutku, ali pruza i osnovu za dalji razvoj u buduénosti.
Oprema je omogucila i istovremeni prikaz u realnom vremenu velikog broja podataka sa razli¢itih izvora informacija (SCADA, SCAN
ENERGY, DMS, poslovne aplikacije, itd..). Jedna od osnovnih funkcija DSP je i prikaz integrisane slike sa dva SCADA sistema, tako
da se dobio potpuni uvid u prenosnu i distributivnu mrezu 110 kV na teritoriji Elektrovojvodine.

U okviru rada su prikazane sada$nje aktivnosti i poslovi u dispe€erskom centru, kao i planirane buduée aktivnosti na
upotpunjavanju funkcija dispecerskog centra kako bi se uloga centra kao jedinstvenog sveobuhvatnog izvora informacija za potrebe
kompanije upotpunila.

Iskustva koja su prikupljena na osnovu dosadasnjeg rada su dragocena jer nam omogucavaju da na osnovu njih mozemo
kreirati potrebne aplikacije koje ¢e se primenjivati u buducem radu centra. Takve aplikacije ¢e omoguiti potpunu kontrolu nad
informacijama koje su potrebne za kvalitetno obavljanje posla. Iskustvo u radu sa novom opremom omogucava neposredno
upznavanje sa moguénostima, prednostima i manama u realnom radu i na osnovu toga definisanje zahteva za novim poslovima.
Zbog potrebe dalje monernizacije ostalih distributivnih centara u okviru kompanije steCena iskustava su veoma zna&ajna.

Kljuéne re¢i: Dinamicka sinopti¢ka ploca, upravljanje, SCADA, dispecerski centar.
VIDEO WALL — NEW TOLL FOR MONITORING AND MANAGING OF DISTRIBUTIVE NETWORK
SUMMARY

Hierarchical managing structure and improving of managing quality of the distributive system demand availability of much
significant and reliable information at one location in real time. Existing center couldn’t satisfy new demands and needs neither
technically nor by its enterer and it's the main reason for modernization of Distributive dispatching center of Elektrovojvodina.

This paper describes and explains all steps of building and equipment new dispatching center such as: defining user
requests, making designing project, building project, designing technical solutions for all subsystems in use, building, functional
testing and final opening.

Technically and technologically the most demanding part of whole project, the biggest professional challenge were activities
on installation of dynamic mimic board - DMB, as completely new tool for monitoring and managing of distributive network on this
area.

This equipment offer great possibilities which are used in part that is currently possible and ensure necessary preconditions
for further developing functions in the future.

The basic role of Dynamic synoptic board is displaying complete integral picture of distributive and part of transmission
network 110kV on the Elektrovojvodina’s area which provides completely monitoring of all relevant data and system information. This
integrated picture is realized by two SCADA systems: Elektrovojvodina SCADA system and JP EMS SCADA system. Beside
standard synoptic board functions, it's possible to display simultaneously many different data from different sources in real time
which are currently in use (SCADA, Scan energy, DMS, company applications, etc...)

This paper presents our experience, current activities and working tasks in DDC EV and plans for completing functions of
DDC EV and in all other dispatching centers at lower hierarchical levels which will be equipped with DMB in following time

Key words: dynamic mimic board, managing, SCADA, dispatching center.
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R-4.04
PRIMENA SMART GRID KONCEPTA U DISTRIBUTIVNOM SISTEMU

D. DAVIDOVIC, D. CUKOVIC, N. TRIFUNOVIC, B. VUKOVIC
Global Substation Solutions, Beograd, Srbija

KRATAK SADRZAJ

Zahvaljujuéi ekstremno brzom razvoju IT sektora, tehnologije komunikacija i stalne tendecije ka podizanju efikasnosti
koriS¢enja elektricne energije u poslednje vreme sve znacajnije se apeluje na proizvodniji Ciste elektriCne energija iz obnovljivih
izvora i dovodi do potrebe za promenom klasi¢nog konvencionalnog koncepta upravljanja proizvodnjom i potroSnjom elektriéne
energije. Planovi i direktive Evropske Unije u ovoj oblasti podrazumevaju da se uceS¢e obnovljivih izvora energije u celokupnoj
proizvodnji uveéa do minimalnih 20% od ukupne proizvodnje do 2020. godine, a sve u cilju smanjenja Stetne emisije CO2 u
atmosferu.

Koncept Smart Grid predstavlja integraciju kompletne elektro-energetske mreze kroz dvosmernu digitalnu razmenu
informacija izmedu delova sistema i korisnika, ukljuCuju¢i i tehnologiju obnovljivih izvora (distribuirane i centralizovane), potrosace i
aktivne potroSace-proizvodace, a sve sa ciliem da se efikasno isporuci kvalitetna, obnovljiva, ekonomi¢na i pouzdana elektri¢na
energija. Smart Grid se ne moze posmatrati kao jedinstven koncept, ve¢ praktiéno predstavija kombinaciju razli¢itih tehnologija i
procesa u podsistemima Elektroenergetskog Sistema. Kupci elektriéne energije na lokalnom nivou postaju motivisani da kontroliSu
svoju potrodnju kao odgovor na trZidni pristup.

Smart Grid ukljuéuje kompletan proces konverziie energije od proizvodnje do potroSnje. Smer energiie se menja iz
konvencionalnog jednosmernog (Proizvodnja —> Prenos —> Distribucija -> Kupac/Potro$ag) u dvosmerni protok energije u kome i
kupac moze da postane proizvodac. Da bi se ostvarilo ovakvo distribuirano upravljanje potrebno je unaprediti nivoe upravljanja u ve¢
kompleksnom elektro-energetskom sistemu sa intenzivnijom razmenom informacija izmedu pojedinih komponenti i podsistema, ¢ime
Smart Grid postepeno pretvara sistem iz prvobitno stati¢kog u fleksibilnu, Zivu strukturu sa dvosmernim upravljanjem u Realnom
Vremenu.

Kroz ovaj rad ¢ée biti prezentovano na koji nacin moZe da se realizuje Smart Grid koncept na primeru jednog obnovljivog
izvora elektriéne energije priklju¢enog na lokalni distributivni sistem a u skladu sa aktuelnim planovima Elektroprivrede Srbije.

Kljuéne reéi: porast energetske efikasnosti, obnovljivi izvori, automatizovana i daljinski upravljiva mreza, inteligentni uredaji,
komunikaciona mreZa

APPLICATION OF SMART GRID CONCEPT IN THE DISTRIBUTION SYSTEM
ABSTRACT

Due to the extremely rapid development of IT sector, communication technologies and constant tendencies towards raising
the efficiency of electricity use in recent years more and more appeals on the production of clean electricity from renewable energy
sources and leads to a need to change the traditional concept of conventional production management and power consumption.
Plans and directives of the European Union include the participation of renewable sources of energy in the overall production to
minimum 20% of total production by 2020, in order to reduce harmful CO2 emissions into the atmosphere.

The concept of Smart Grid is the integration of the entire electric power grid through a digital two-way exchange of
information between system components and users, including renewable technology (distributed and centralized), active consumers
and producers-consumers, with the goal to effectively deliver high-quality, renewable, economical and reliable electricity. Smart Grid
can not be regarded as a unique concept, but practically a combination of different technologies and processes in the subsystems of
power system. Purchasers of electricity at the local level are becoming motivated to control their spending in response to market
access.

Smart Grid involves the entire process of energy conversion from production to consumption. The direction of energy is
changing from conventional DC (Production -> Data -> Distribution -> Customer / consumer) in a two-way flow of energy in which the
customer can become a producer. To realize such a distributed control it is necessary to improve levels of management for complex
electro-energy system with a more intensive exchange of information between the various components and subsystems, which
means that Smart Grid gradually transform the system from the initially static in a flexible structure with two-way real-time control.

This work will present the way how Smart Grid concept can be implemented on one example of a renewable source
connected to the local distribution system.

Key words: increasing energy efficiency, renewables, automated and remotely controlled networks, intelligent devices,
communication networks
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R-4.05
PRISTUPI UVODENJU DALJINSKOG NADZORA | UPRAVLJANJA DISTRIBUIRANIH PROIZVODNIH IZVORA

M. KRZISNIK, S. GOLOB, Sipronika d.0.0., Slovenija
M. SVAJGER, Elektro Ljubljana d.d., Slovenija

KRATAK SADRZAJ

U referatu obradena je problematika uvodenja daljinskog nadzora i upravljanja distribuiranih proizvodnih izvora sa stanovista
uticaja na pogon proizvodnih izvora, kao i uticaja na obratovanje distributivne mreZe sa distribuiranim izvorima. Dat je pregled
osobina tehnolo3kih reSenja, sistema i smernice za uvodenje daljinskog nadzora i upravljanja. Kao primer dobre prakse opisan je
projekt sistema nadzora i upravljanja malih hidroelektrana i sunéanih (fotovoltaiénih) elektrana u poduzecu Elektro Ljubljana OVE
d.0.0. Sistem je realizovan na proSirljivoj i fleksibilnoj platformi, koja omogucéava integraciju razli¢itih proizvodnih izvora i potroSaéa u
virtualnu elektranu.

Kljuéne reci: obnovljivi izvori, alternativni izvori, proizvodni izvori, rasprSena proizvodnja, suncana elektrarna, vetroelektrarna,
hidroelektrana, kogeneracija, virtualna elektrana, Smart Grids, daljinsko upravljanje i nadzor.

APPROACHES TO THE INTRODUCTION OF REMOTE MONITORING AND CONTROL OF DISTRIBUTED
GENERATION SOURCES

SUMMARY

This paper attempts to address the problem of introducing remote monitoring and control of distributed generation sources in
terms of impact on the operation of generation sources as well as affect the the operation of distribution networks with dispersed
generation. We present the overview of the characteristics of technological solutions and systems, and guidance in the
implementation of the remote monitoring and control. As an example of good practice we presented a project in which we
implemented a system for remote monitoring and control of small hydro and solar power plants in the company Elektro Ljubljana
OVE d.o.0. The system is based on extensible and flexible platform, which ultimately enables the integration of multiple generation
sources and controllable loads in the virtual power plant.

Key words: renewable resources, distributed generation, alternative energy sources, solar power plant, wind power plant, hydro

power plant, virtual power plant, Smart Grids, intelligent networks, active networks, remote management and control, cogeneration,
controllable load.
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R-4.06
INTEGRACIJA | CENTRALIZOVANO ODRZAVANJE KONFIGURACIONIH PODATAKA ZA SCADA/EMS/DMS SISTEME
E. VELJKOVIC GRBIC, T. STOJANOVIC, T. VRACARIC, Institut Mihajlo Pupin, Republika Srbija
KRATAK SADRZAJ

U radu je prikazana arhitektura i funkcionalnost Editora za unos i odrZzavanje modela elektrodistributivnog i prenosnog
sistema za potrebe softverskog paketa za nadzor i upravljanje (SCADA) i njegovih modula, kao i aplikacija koje se naslanjaju na
SCADA sistem kao $to su EMS i DMS aplikacije.

SCADA sistemi pokrivaju elektroenergetske sisteme, koji se protezu po Citavim regionima. U nekim slucajevima jedan
SCADA sistem pokriva ceo region, pa se i model elektroenergetskog sistema, bilo da je u pitanju prenosna ili distributivna mreza, u
celini nalazi u oblasti tog programskog paketa. Medjutim u mnogim slu¢ajevima regionom koji je u oblasti jednog preduzeca upravija
se sa vise SCADA sistema. U tom slu¢aju svaki SCADA sistem modeluje svoj deo mreze. Pri tome, SCADA sistemi su obi¢no
hijerarhijski povezani, pa je odrZavanje baza podataka veliki posao, koji zahteva znaCajno poznavanje mreze, a dobijene baze
moraju procCi visok stepen validacije.

U radu ¢e biti opisana realizacija aplikaciie koja omoguéava modelovanje Citavog sistema, dodeljivanje podataka
odgovaraju¢im nadleznim SCADA sistemima. Aplikacija omogucava jednostavno, centralizovano odrzavanje modela. Takodje,
predvidjeno je da moduli te aplikacije omoguée detaljno konfigurisanje SCADA parametara, EMS i DMS parametara. Takodje, u radu
je data Sema podataka koji sacinjavaju osnovu modela, SCADA i EMS konfiguracionih podataka, kao i pomoénih tabela za
konfiguraciju rada SCADA server i HMI podsistema, kao i podsistema za autorizaciju korisnika.

Kljuéne reéi: SCADA, CIM, EMS, DMS
INTEGRATION AND CENTRALIZED MAINTAINING OF CONFIGURATION DATA FOR SCADA/EMS/DMS SYSTEMS
SUMMURY

This paper presents the architecture and functionality of the Editor for generation and maintenance of electrical distribution
and transmission system models for monitoring and control software package (SCADA) and its modules and applications that rely on
SCADA systems such as EMS and DMS applications.

SCADA systems cover power systems, which extend across entire regions. In some cases, SCADA system covers the entire
region, so the model of power system, whether it's a transmission or distribution network model, is in the one software package.
However in many cases, a region that is in control of a company is managed with more SCADA systems. In this case, each SCADA
system models its own part of the network. In addition, SCADA systems are typically hierarchically related, therefore maintenance of
databases includes a tremendous job that requires considerable knowledge of the network, and obtained databases must pass a
high degree validation.

The paper will describe the development of application that allows modeling of the entire system and assigning data to the
appropriate SCADA systems. The application provides easy, centralized maintenance of the model. Also, the application modules
provide detailed configuration of the SCADA, EMS and DMS parameters. The paper gives the scheme of data that form the basis of
the model, SCADA and EMS configuration data, and auxiliary tables for the configuration of SCADA and HMI server subsystems,
and subsystems for user authentication.

Key words: SCADA, CIM, EMS, DMS
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UTICAJ ISTORIJSKIH PODATAKA NA KVALITET REZULTATA ESTIMACIJE STANJA
U DISTRIBUTIVNIM MREZAMA

Z SIMENDIC, PD Elektrovojvodina d.0.0. Novi Sad "Elektrodistribucija Sombor", Sombor, Srbija
G. SVENDA, Fakultet tehnickih nauka, Institut za energetiku, elektroniku i telekomunikacije, Novi Sad, Srbija
. CIFRA, Branislava Nusi¢a 1, Sombor, Srbija

KRATAK SADRZAJ

Kvalitetna slika aktuelnog stanja ili stanja rekonstruisanog na osnovu istorijskin podataka (sa ili bez poremecaja) je od
presudnog znacaja za kvalitetnu analizu, upravljanje i planiranje pogona srednjenaponskih distributivnih mreza (DM). Upravo zato
estimacija stanja DM predstavlja osnovnu energetsku funkciju na &ijim se rezultatima zasnivaju navedeni procesi (analiza,
upravljanje i planiranje pogona). U klasi¢nim DM sa SCADA sistemima pokrivene su napojne transformatorske stanice visoki/srednii
napon (TS 110/x kV/kV) i ponekad, u dubini DM, mali broj transformatorskih stanica srednji/niski napon (TS X/0,4 kV/kV). Podaci o
merenjima iz TS 110/x kV/KV su uobiajeno ukljuceni u estimaciju stanja, dok je s merenjima iz TS X/0,4 kV/kV to veoma retko.
Posledica je da kontrolni centri raspolazu samo s mali broj podataka koji opisuju rezim razmatrane DM. NaZalost, u DM redundansa
telemetrisanih podataka realnog vremena ne prelazi 0.2+-0.3, od minimalnog broja podataka neophodnih za jednoznacan proraéun
aktuelnog rezima (dok je u sluéaju prenosnih mreza ona i ve¢a od 2.0). Upravo nedostatak podataka je osnovni motiv za formiranjem
specijalizovanih algoritama za estimaciju stanja u DM. Taj algoritam predstavlja kompromis izmedu kompleksnih algoritama
ponudenih u literaturi i podataka s kojima se raspolazu u uobi¢ajenim distributivnim kontrolnim centrima. Treba naglasiti da, bez
obzira na veliki broj radova objavljenih na ovu temu, Cinjenica je da se u veoma malom broju njih mogu naéi podaci o primeni
estimacije stanja u realnim DM.

Kvalitet rezultata estimaciju stanja DM, realnom vremenu i na realnoj mreZi, verifikovan je u toku 2005. godine u ED Sombor.
Time je omoguéeno da se od 2007 do 2011, na osnovu rezultata estimacije stanja u realnom vremenu, sprovodi i verifikacija rada
regulacije napona u realnom vremenu. Za potrebe ovih eksperimenata estimacija stanja je sprovedena samo na osnovu podataka o
merenjima iz TS 110/x kV/KV. U istom periodu analiziran je i uticaja dubinskih merenja na kvalitet rezultata estimacije stanja.
Prethodni rezultati su publikovani, ali do sada nije prikazano kako promene istorijskih podataka utiu na kvalitet rezultate estimacije
stanja. Upravo taj uticaj predstavlja osnovnu temu ovog rada. Njegova kvantifikacija izvr§ena je na osnovu viS§emese¢nog poredenja
estimiranih i izmerenih vrednosti 20 kV i 0,4 kV struja u okviru DM ED Sombor.

U radu je potvrdeno da se dovoljno kvalitetni rezultati estimacije stanja DM, realizovane u realnom vremenu, mogu ostvariti
na osnovu malog broja podataka realnog vremena i znatno veéeg broja istorijskin podataka. Istovremeno pokazano je da dovoljno
kvalitetni istorijski podaci uspe$no dopunjuju nedostatak podataka realnog vremena, odnosno da podize se kvalitet rezultata
estimacije stanja i €ini ih dovoljno kvalitetnim ne samo za analizu, nadgledanje, ve¢ i za upravljanja u realnom vremenu.

Kljuéne re¢i: Estimacija stanja, istorijski podaci.
IMPACT OF HISTORICAL DATA ON ERRORS OCCURING IN ESTIMATED STATE
SUMMARY

Actual state image quality or historical data-based reconstructed state (with or without disorder) is essential for quality
analysis, management and planning of medium voltage distribution networks (MVDNSs). This is why the MVDN state estimation
represents the basic power function on basis of which the above mentioned processes rely. The usual Supervisory Control and Data
Acquisition (SCADA) systems in distribution utilities provide insight only into states of high voltage (HV) / medium voltage (MV) —
supply substations (SS). A few percents of MV / low voltage (LV) substations and/or distribution transformers are remotely monitored
only in a small part of these utilities. Real-time 110/X kV/kV SS telemetered data are normally included in sate estimation, while the
X/0,4 kV/KV distribution transformers data measurements are very rare. Thus, in the control centres of such distribution utilities, only
a small number of real-time telemetered data is available. Unfortunately, the redundancy of real-time telemetered data in MVDNs is
about 0.2 — 0.3 of minimum data number required for unambiguous actual network state calculation (the redundancy of real-time
telemetered data of transmission networks is usually higher than 2.0). Such lack of data is the primary motive for developing of a
real-time state estimation algorithm specialized for MVDNSs. It represents a compromise between complex methods proposed in the
literature and the usually available data in distribution utilities. It should be noted, regardless the large number of papers published
on this subject, the fact is that very few offer information on the state estimation application in real MVDNs.

The quality of the MVDN real-time state estimation results are verified during 2005. in the real-life network of Distribution
Utility Elektrovojvodina, Division PU Sombor, Serbia. This allows, based on real-time state estimation results, implementation and
verification of real-time voltage control from 2007 to 2011. For the purposes of these experiments, state estimation is implemented
only based on measurements of 110/X kV/kV SS. The impact of in-field measurements on state estimation results quality has been
analyzed in the same period of time. Previous results were published, but so far it hasn't been presented how the historical data
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changes affect the quality of the state estimation results. Precisely this influance is the main subject of this paper. The influance
quantification is based on long-term comparation of state estimation results with the measurements provided by both the SCADA
(MV feeders heads) and specially installed instruments at the low voltage (0.4 kV) sides of distribution transformers 20/0.4 kV/kV in
the MVDN of PU Sombor.

The paper proves that quality results of MVDN real-time state estimation can be achieved based on small number of real-
time data and considerably more historical data. At the same time, it is shown that sufficient quality historical data effectively
complement the lack of real-time data i.e., the quality of state estimation results rises making them reliable and accurate enough for
the purpose of not just analysis, supervising, but also of real-time managing.

Keywords: State estimation, historical data.
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R-4.08

DISTRIBUTED BUS PROTECTION APPLICATION IN A PLATFORM FOR PROCESS BUS DEPLOYMENT IN THE
SMARTSUSBSTATION

J. CARDENAS, GE Digital Energy, Spain
D. McGINN, M. MILLER, I. VOLOH, GE Digital Energy, Canada
R. HUNT, GE Digital Energy, USA

SUMMARY

Bus protection is typically a station-wide protection function, as it uses the majority of the high voltage (HV) electrical signals
available in a substation. All current measurements that define the bus zone of protection are needed. Voltages may be included in
bus protection relays, as the number of voltages is relatively low, so little additional investment is not needed to integrate them into
the protection system.

This special circumstance, where all HV electrical signals are connected to a single device, allows defining a bus protection
scheme as the basic structure for the implementation of a complete Protection, Control and Monitoring System in a HV Substation.

Bus protection is not presently defined as a complete Protection, Control and Monitoring System due to the challenges of
data collection. All HV electrical signals, equipment status signals, and equipment control signals, must be physically wired to the
bus protection system, and must be further wired to other devices for other zones of protection. Distributed bus protection was
developed to partially address this challenge of data collection. Bay units are installed in individual line bays to simplify the field
wiring necessary for data collection by collecting the HV electrical signals, equipment status signals, and equipment control signals
locally. However, the bay units are still dedicated to a single zone of protection, that of bus protection and the bay units are wired in
conjunction with other devices.

This paper presents a new Distributed Bus Protection System that represents a step forward in the concept of a Smart
Substation solution. This Distributed Bus Protection System has been conceived not only as a protection system, but as a platform
that incorporates the data collection from the HV equipment in an IEC 61850 process bus scheme. This new bus protection system
is still a distributed bus protection solution. As opposed to dedicated bay units, this system uses IEC 61850 process interface units
(that combine both merging units and contact I/O) for data collection.

The main advantage then, is that as the bus protection is deployed, it is also deploying the platform to do data collection for
other protection, control, and monitoring functions needed in the substation, such as line, transformer, and feeder. By installing the
data collection pieces, this provides for the simplification of engineering tasks, and substantial savings in wiring, number of
components, cabinets, installation, and commissioning. In this way the new bus protection system is the gateway to process bus, as
opposed to an add-on to a process bus system. The paper analyzes and describes the new Bus Protection System as a new
conceptual design for a Smart Substation, highlighting the advantages in a vision that comprises not only a single element, but the
entire installation.

Keywords: Distributed Bus Protection, Process Bus, Process Interface Unit (PIU), IEC 61850
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R-4.09
SIMPLIFYING PROTECTION SYSTEM DESIGN FOR DISTRIBUTION SUBSTATIONS

R. HUNT, GE Digital Energy, USA,
J. COURSEY, S. HIRSCH, Orion New Zealand Limited, New Zealand,
J. CARDENAS, GE Digital Energy, Spain

INTRODUCTION

Orion New Zealand Limited (Orion) is a distribution utility that serves the city of Christchurch, the second largest city in New
Zealand. Orion is adopting the technical capabilities found in the IEC 61850 standard and other technologies for a simple-to-
implement, fit-for-purpose design for distribution protection. Orion is successfully using protective relays that provide multiple zones
of protection in one device, and process bus communications, to simplify the design of their distribution protection. Careful system
design allows the use of fewer protective devices, while maintaining the same level of protection system availability and reliability.
Wiring and installation concerns are addressed by using process bus communications to provide remote I/O inputs for both analog
measurements and digital control and status inputs, permitting the connection of only one cable to each relay. Benefits of this
solution include a standard wiring design for all applications, fewer relay panels, faster installation, and simple expansion by simply
connecting relays to process bus I/O units, while meeting performance requirements relating to device lifecycle, design and
installation, safety, and commercial business requirements.

Keywords: Process Bus, Process Interface Unit (PIU), IEC 61850, Rural Substation.
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R-4.10
PROTECTION COORDINATION ISSUES DISTRIBUTED GENERATION SYSTEMS

D. BALAN, |. DOBRE
SC FDEE Electrica Distribution South Transylvania SA, Technical Department 110 Kv, Romania

ABSTRACT

With this distributed generation (DG) in distribution systems, its function generally tends to be changed. These effects leads
to effects on distribution systems protection. One way to reduce the effects of distributed generation protection system of distribution
systems is re-coordination of protective devices. To prevent the high cost, system configuration should be modified to reduce the DG
the occurrence of a fault. The problems of DG sources on distribution systems protection generally are: wrong triggering of the
generation units (DG), feeders incorrect trip, incorrect trip of generation units, increasing or decreasing of short circuit area,
unwanted islanding, prevention of automatic reclosing and unsynchronized reclosing.

Key words: Distributed generation (DG), Coordonation, relay settings, Overcurrent relays, Time Setting Multipliers (TMS), Plug
Setting (PS), Pick up (PU).
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R-4.11
ISKUSTVA U UVODENJU NOVOG LOKALNOG | DALJINSKOG UPRAVLJANJA U TS 110/X/Y KV U BIH
M. ZDRALOVIC, Elektroprenos BiH, Bosna i Hercegovina

KRATAK SADRZAJ

U Bosni i Hercegovini su okonfana dva velika projekta u uvodenju novog lokalnog i daljinskog upravijanja u
transformatorskim stanicama visokog napona. To su: projekat pod nazivom ,Power III%, koji je obuhvatio sve 400/220/110 kV stanice
u BiH (njih 17), i projekat pod nazivom ,Scada sistemi u BiH", koji je obuhvatio sve preostale stanice 110/x/y kV napona. To je, na
kraju, dalo da je na Sistem Scada-e prikljuéeno oko 120 takvih stanica Cije informacije idu u 5 dispecerskih centara 110 kV napona u
BiH. Uvodenije posljednjih TS je pri kraju, a iskustva pri radu na ovakvom sistemu e biti opisana u ovom radu u dvije faze: postupak
izdavanja tender-a, i realizacija, odn. pustanje u pogon ISAS/RTU objekata i njihovo povezivanje na 4 dispederska centra
Operativnih podrucja i dispecerski centar Nezavisnog operatera sistema BiH. TeZiste rada ¢e biti na 110 kV naponu (projekat ,Scada
sistemi u BiH").

Kljuéne re€i: Scada, ISAS, RTU, lokalno i daljinsko upravljanje.
EMPIRICAL EVIDENCE IN RESPECT OF INTRODUCED NEW LOCAL AND REMOTE CONTROL IN 110/x kV SUBSTATION
SUMMURY

Two big projects are almoust finalized in Bosnia and Herzegowina in realizing local and remote controlling transformator
substations on high voltage. There are projects: ,Power Il (400/220/110 kV substations) and ,SCADA/EMS/Telecommunication
project in BiH". First of them is not topic of this referat (for 17 substations extra high voltage). Second big project is enveloped
almoust 120 substations 110/x/y kV, which are connected on four dispatchers centers of Operating areas and one common center of
Independent system operator BiH. Referat will be organized on two parts: tendering and realisation on substations and centers. In
referat will be descripted 110 voltage level and lower (35 kV, 20 kV, 10 kV, 6 kV).

Key words: Scada, ISAS, RTU, local and remote controlling.
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R-4.12
ZAMENA SCADA SISTEMA NA TS LEDINCI 110/35/20 KV.

V. NESIC, D. VOJNOVIC, A. CAR, V. VUCUREVIC, Z. GOLUBOVIC
Institut Mihajlo Pupin "IMP Automatika”,

KRATAK SADRZAJ

Rad opisuje prakticna iskustva i neka tehnicka reSenja prilikom zamene SCADA sistema u jednoj TS 110/35/20 kV. Rad je podelien
u nekoliko celina kao $to su:

Sk owh =

Opis pocetnog stanja pre zamene SCADA sistema, problemi koji su postojali i razlozi za zamenu.

Proizvodna ograni¢enja koja su morala da budu ispostovana u toku zamene SCADA sistema.

Realizacija zamene sistema, sa osvrtom na probleme koji su bili poznati pre i otkriveni tokom zamene SCADA sistema.
Opis novog SCADA sitema.

Korisnicka iskustva posle zamene SCADA sistema.

Zaklju¢ak autora po pitanju opisane zamene.

Kljuéne reéi: LON, SPA, |EC 870-5-101

ABSTRACT

This paper describes some practical experiences and technical solutions during the exchange of SCADA system in TS 110/35/20 kV.
It is divided into several parts such as:

1.
2.
3.

4.
5.
6.

Description of the initial state before replacing the SCADA system, list of problems and reasons for replacement
Production constraints that had to be fulfilled during the replacement of the system

Realization of the new system implementation, with a focus on the problems that were known before and those that were
discovered during that process (changing the SCADA systems).

Description of the new SCADA system.

Exploitation experience in SCADA systems after replacement.

Conclusion about the descibed replacement of the SCADA system

Key words: LON, SPA, IEC 870-5-101
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R-4.13
ANALIZA POGONSKIH DOGADAJA U ELEKTROENERGETSKOM SISTEMU 110 kV U USLOVIMA REKONSTRUKCIJE

M. DORBEVIC, I. JAGODIC
JP Elektroprivreda Srbije, Srbija

KRATAK SADRZAJ

Predstavljena je analiza pogonskih dogadaja u termoelektrani ,Kolubara A“ za vreme adaptacije razvodnog postrojenja
110kV. Termoelektrana ,Kolubara A“ je najstarija termoelektrana, pustena u pogon 1956., a koja je i danas u pogonu u
elektroenergetskom sistemu Srbije. Adaptacija razvodnog postrojenja 110 kV u okviru koje se vr§i modernizacija sistema zastite,
upravlijanja i lokalne automatike pocela je 2001. U toku ove rekonstrukcije elektrana je u normalnom pogonu, ali sa odredenim
ograniCenjima koje ova adaptacija diktira. Prvi pogonski dogadaj koji je analiziran u radu je kvar na naponskom transformatoru u
distributivnom 110 trafostanici, koji je zbog svoje prirode, intermitentnosti, doveo do ispada bloka A5. On je ukazao na neophodnost
celovitosti i uskladenosti sistema za prikuplianje i obradu informaciju. Drugi pogonski dogadaj koji se analizira je ispad
transformatora opSte grupe termoelektrane, koji je u tom trenutku napajao sopstvenu potronju vise kotlova, te je ovaj ispad doveo
do ispada dva turboagregata. Ovaj dogadaj je ukazao na neophodnost blagovremenog pracenja svih promena parametara opreme i
uklopnih stanja u 110 kV razvodnom postrojenju, a naroCito nakon obavljenih rekonstrukcija, pri ¢emu je posebnu paznju potrebno
posvetiti podesenjima zastitnih uredaja. Do tre¢eg analiziranog ispada doslo je usled mehani¢kog otkazivanja zateznog izolatora na
110 kV sistemu sabirnica, Sto je dovelo do ispada cele elektrane. Posledniji analizirani dogadaj je ukazao da je i pored kori$¢enja
savremenih zastitnih uredaja, adekvatno uskladivanje zastitnih uredaja u elektrani i distributivnoj mrezi osnovna garancija
pouzdanog i blagovremenog delovanja zastitnih uredaja. Analizom navedenih dogadaja mogu se utvrditi potencijaini problemi koji
nastaju tokom eksploatacije elektrane, za vreme i nakon rekonstrukcije. Takode, mogu se utvrditi kriticna mesta u toku rekonstrukcije
na koja je potrebno obratiti posebnu paznju, kako bi se obezbedilo $to pouzdanije funkcionisanje elektrane za vreme same
rekonstrukcije. Analizom ovih kvarova se pokazalo da je u uslovima primene novih tehnologija potrebno preispitati do sada kori$éene
paradigme i pode3enja zastitnih uredaja kako bi se osigurala maksimalna pouzdanost i raspoloZivost elektrane u procesu
proizvodnje elektricne energije.

Kljuéne reci: zastitni uredaji, rekonstrukcija, pogonski dogadaj.

SUMMURY

This paper presents analysis of operational events in the power plant "Kolubara A" during the adaptation of 110 kV sub-
station. Thermal power plant "Kolubara A" is the oldest power plant, opened in 1956, and still operating in the electrical power
system of Serbia. Adaptation of the 110 kV sub-station began in 2001, during which modernization of the protection, control and local
automation is taking place. During this reconstruction power plant is in normal operation, but with certain restrictions dictated by the
adaptation work. The first operation event analyzed in this paper is a malfunction at the voltage distribution transformer station in 110
kV distribution sub-station "Beograd 35", which due to its intermittent nature, led to the failure of unit A5. This event pointed out the
need for integrity and coordination of systems for information acquisition and processing. Another operation event analyzed in this
paper is the failure of common group transformer, which at the time was supplying self-consumption of more than one boiler, and its
failure led to the tripping of two turbo generators. This event highlighted the need for continuous monitoring of all changes of
equipment parameters and operation state status, especially after the finished reconstruction, with special attention paid to the
settings of protective devices. The third of the analyzed failures was due to mechanical failure of tensioning insulators on 110 kV
buses, which led to the failure of the whole power plant. The last analyzed event indicated that in spite of using modern protective
equipment, proper coordination of the protective devices between power plant and power distribution network is the best guarantee
for reliable and coordinated trip of protective devices. The analysis of these events may determine significant problems that arise
during the operation of the plant, during and after its reconstruction. In addition, critical milestones that need extra attention during
reconstruction can be determined, in order to ensure more reliable operation of power plant during its reconstruction. The analysis of
these failures has also shown that in age when application of new technologies arise, so far used paradigms and applied settings of
protective devices should be critically reevaluated in order to ensure maximal possible reliability and availability of power plant.

Key words: protective devices, reconstruction, operational event
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R-4.14
UNAPREDENJE FUNKCIJA UREDAJA MIKROPROCESORSKE ZASTITE TRANSFORMATORA 110/x kV

S. SPREMIC, EPS - P.D. "Elektrovojvodina” - Sektor eksploatacije Uprave, Srbija
D. PETROVIC, EPS - P.D. “Elektrovojvodina“ — Ogranak “ED Subotica“, Srbija
Z. RISTANOVIC, Energotehnika Juzna Backa, Novi Sad, Srbija
M. SENTIN, EPS - P.D. "Elektrovojvodina" - Sektor eksploatacije Uprave, Srbija

KRATAK SADRZAJ

Savremeni uredaji mikroprocesorske zastite transformatora u sebi objedinjavaju sve neophodne zastitne funkcije i
signalizaciju. Pored ovog isti su programibilni tako da je moguce napraviti i dodatne zastitne funkcije i signalizaciju ili postoje¢e
proSiriti prema potrebama korisnika. U radu se daje predlog za moguce unapredenje funkcija mikroprocesorske zastite
transformatora 110/x kV kori¢enjem vrednosti razliCitih veli€ina i podataka dobijenih preko analognih ulaza iste, ali i koriS¢enjem
vrednosti razlicitih mernih veli¢ina i podataka drugih mikroprocesorskih uredaja (upravljacki, zastita nizenaponskog trafopolja, zastita
izvoda,...) za Sta se podrazumeva da mikroprocesorski uredaji moraju imati mogucnost medusobne komunikacije. Ovde se detaljno
obraduje mogucnost koriéenja napona i struja primara i sekundara (tercijera) transformatora 110/x kV u odredivanju poloZaja
regulacione sklopke. Uticaji taénosti (greSaka) uredaja i struja magnecéenja na greSku u izraunavanju polozaja regulacione sklopke
su detaljno obradeni. Prikazana je jednalina za izradunavanje poloZaja regulacione sklopke i navedeni potrebni podaci koji se
moraju ubaciti u mikroprocesorski uredaj. Daju se predlozi moguéih nadina primene, tj. unapredenja funkcija mikroprocesorske
zastite i upravljanja. Predlaze se detaljna praktiéna provera kako bi se dokazala primenjivost.

KLJUCNE RECI: prenosni odnos, regulaciona sklopka, polozaj, struja, tadnost, greska, upravijanje, zastita.
FUNCTION IMPROVEMENT OF PROTECTION INTELLIGENT ELECTRONIC DEVICES FOR TRANSOFMERS 110/x kV
SUMMARY

Modern protection intelligent electronic devices for transformers incorporate all necessary protection function and signaling.
Beside that they are programming devices so it is possible to make additional protection functions and signaling or existent could be
expand according to user needs. Article gives proposal for possible function improvement of protection intelligent electronic device
for transformers 110/x kV using different measurement values received via analog inputs but also using different measuring values
and data obtained from other intelligent electronic devices (feeder protection and control, low voltage transformer side protection, low
voltage feeder protection) which imply communication possibilities among intelligent electronic devices. Here is particulary
considered possibility for detemining tap changer position using primary and secondary (tertiary) voltages and currents of 110/x kV
transformers. Influences of devices accuracy and magnetizing currents for tap changer position calculation were treated in detail.
Equation for tap changer position calculation is showed and neccesary data are specified. Suggestions about possible ways of
usage, i.e. function improvement of intelligent electronic devices for protection and control are given. Practical check is suggested in
order to prove applicability.

KEY WORDS: turn ratio, tap changer, position, current, accuracy, control, protection.
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R-4.15
SINHRONIZACIJA VREMENA U ELEKTROENERGETSKIM SISTEMIMA

T. TEKAVEC, P. ZAGOZEN, Sipronika d.0.0., Slovenia
J. SMUKAVEC, Elektro Gorenjska d.d., Slovenia

APSTRAKT

U referatu su opisani nacini sinhronizacije vremena u elektroenergetskim sistemima i novi zahtjevi, koji postaju aktualni
prilikom uvodenja koncepta naprednih mreza (Smart Grids). U elektroenergetskim sistemima upotrebljavaju se razliéiti informacioni
podsistemi i uredaji, kao $to su centar upravljanja, podsistemi za zastitu i upravljanje u stanicama, podsistemi za automatizaciju
elektrodistributivnih mreza, podsistemi za kontrolu kvaliteta i merenja elektrine energije, koji trebaju biti vremenski sinhronizovani. U
radu dat je pregled moguénosti vremenske sinhronizacije u ovisnosti od postoje¢e opreme, komunikacijske infrastrukture i
komunikacijskih protokola te specifi¢nih zahtjeva pojedinih podsistema. Na kraju dat je kratak pregled standarda, koji se odnose na
sinhronizaciju vremena prilikom uvodenja koncepta naprednih mreza.

TIME SYNCHRONISATION IN POWER SYSTEMS
ABSTRACT

The paper describes existing methods of time synchronisation in power systems and new requirements becoming actual in
Smart Grid implementation process. In electric power utilities, there are many subsystems such as control center, substation
protection and control subsystems, distribution networks automation subsystems, metering and power quality subsystems, where
time synchronization is required. The paper presents an overview of time synchronisation of subsystems, depending on existing
equipment, communication infrastructure and communication protocols and specific requirements for particular subsystems. At the
end, a short overview of standards, concerning time synchronisation in Smart Grids implementation process is given.
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R-4.16
RAZLICITI KONCEPTI REDUNDANSE INDUSTRIJSKIH PROTOKOLA U ZAVISNOSTI OD NJIHOVIH PRENOSNIH PUTEVA

D. GLISIC, V. NESIC, G. KONECNI, N. KRAINOVIC
Institut Mihajlo Pupin "IMP Automatika"

KRATAK SADRZAJ

Ve¢ par godina primetan je trend migracije industrijskih protokola sa fizickih serijskih na mrezne prenosne puteve. Ranije su
industrijski protokoli bili bazirani na serijskoj vezi Giji su tipi¢ni predstavnici bili sledeéi protokoli: IEC 60870-5-101, IEC 60870-5-103,
ModBus RTU, DNP3. U novije vreme zamenili su ih protokoli koji su bazirani na mreznoj komunikaciji kao §to su: IEC 60870-5-104,

serijske, opisuje neka praktiCna iskustva iz implementacije i eksploatacije (istih) i na kraju daje poseban osvrt na moguénosti
realizacije razlli¢itih tipova redundanse u jednom i drugom slu¢aju.

DIFFERENT CONCEPTS OF INDUSTRIAL PROTOCOL REDUNDANCY DEPENDING ON THEIR TRANSMISSIONS ROUTES
ABSTRACT
In a last few years there is a trend of migration from phisycal serial lines to network communication paths among industrial
protocols. We used standard industrial protocols such as IEC 60870-5-101, IEC 60870-5-103, MODBUS RTU, DNP3 etc. to transmit
datas over serial lines. Today these protocols have been replaced with their counterparts which have been modified to work over

network. Some of them are IEC 60870-5-104, MODBUS TCP, DNP3 over TCP, IEC 61850 etc. The paper describes advantages of
the network communication paths, experiences from the field and possible solutions for redundancy in both cases.
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R-4.17
PRINCIP RADA ZASTITE OD TERMICKOG PREOPTERECENJA | NJENO PODESAVANJE

, B. SKORIC, Elektrotehnicki Fakultet, Univerzitet u Beogradu
Z. RISTANOQVIC, Energotehnika Juzna Backa, Novi Sad, S. CVETKOVIC, M. ALEKSIC, Siemens d.o.0. Beograd, Srbija

KRATAK SADRZAJ

U ovom radu je analiziran i objaSnjen princip rada zastite od termiCkog preoptere¢enja i njeno pravilno podeSavanje.
Posebno su razmatrana dva slu¢aja:
1. za formiranje termicke slike $tiéenog objekta se koristi samo struja po IEC 60255-8
2. za formirnje termicke slike Stiéenog objekta se koristi i struja i temperature ambijenta po IEC 60255-8

Date su relacije koje mogu da sluze za procenu koliko se dugo Sti¢eni objekat (transformator, motor, generator, kabal) moze
preopteretiti a da ga zastita od termickog preoptereéenja ne iskljuci sa mreZe kao i zavisnost zagrevanja Sticenog objekta od struje i
njegovih parametara. Postmatrana je i zavisnost maksimalne trajno dozvoljene struje Iz od temperature ambijenta &g, drugim
reima, data je relacija koja odreduje koliko se sme povecati struja Iz U sluéaju da je Bgme = 40°C odnosno koliko se ona mora
smaniiti kada je Bgmp = 40°C. Takode su i navedeni primeri za pravilno podeSavanje termicke zastite za oba gore navedena
slu¢aja kao i rezultati merenja izvrSenih radi provere datih relacija.

Relacije navede u ovom radu mogu biti korisne kako za dispecere tako i za struénjake koji se bave relejnom zastitom.

Kljuéne reci: termicka zastita, privremeno preopterecenje, podeSavanje i parametriranje, maksimalna trajno dozvoljena struja.
PRINCIPLES OF PROTECTION AGAINST THERMAL OVERLOADING AND THE ADJUSTMENT THEREOF
SUMMARY

In this document we have analysed and described the principles and settings of the thermal overload protection. We
especially focused on the following two cases:
1. overload calculation using a thermal replica according to IEC 60255-8 without ambient temperature influence
2. overload calculation using a thermal replica according to IEC 60255-8 with ambient temperature influence

There are given relations which can be used to estimate the tripping time of the relay if an overload of the protected object
(transformer, motor, generator, cable) occurred and relations which describe the dependence of the protected object temperature
rise in function of current and its parameters. We have also analysed how the maximum current steady-state value depends on the
ambient temperature &z, respectively how much the maximum current can be increased in case of &gz = 40°C or how much
it has to be reduced in case of &y = 40°C.

There are also given some examples how to set the thermal overload protection in a correct way, for both above mentioned
cases. All relations were tested and verified and the metering results are also presented in this document.

The relations given in this work are especially useful for dispatchers and power system protection engineers.

Keywords: thermal overload protection, temporary overload, setting and parameterisation, maximum current steady-state value.
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R-4.18
KOMENTARI NEKIH NOVIH RESENJA ZA ZASTITU 1ZVODA 20 kV | AUTOMATIKU ZEMLJOSPOJUNIH PREKIDACA

M. RADUNOVIC, V. MIJATOVIC
PD za distribuciju elektriéne energije “Elektrovojvodina” d.0.0. Novi Sad,
Elektrodistribucija “Sombor”, Sombor

KRATAK SADRZAJ

Inovacije u sistemu zadtite | automatizacije transformatorskih stanica 110/20 kV retke su i dragocene. Citajuéi radove kolega
koji su neke od njih realizovali osetili smo potrebu da komentariSemo ono $to smatramo nedovoljno dobro uradenim i da predlozimo
kvalitetnija reSenja.

Sira upotreba mikroprocesorskih releja otvorila je prostor za eksperimentisanje. Inplementirane su poznate zastite koje do
sada nisu koriS¢ene. To su zaStite koje retko rade jer su retki kvarovi na koje reaguju, a bile su skupe i komplikovane.
Mikroprocesorske releje dogradnja novih funkcija ne poskupljuje znacajno.

Pojedini proizvodaci ponudili su zastitu od asimetrije opterecenja (inverzna komponenta struje) za izvode 20 kV. lako je ne
tretiraju Tehnicke preporuke EPS-a, realizovana je na nekim transformatorskim stanicama, aktivirana i opisana u radovima. Primenu
ove funkcije ne smatramo loSim ve¢ njen ravnopravan tretman sa ostalim (do sada kori§¢enim) zastitama. U radu ¢e biti objasnjeno
naSe videnje ove problematike i moguca kvalitetnija reSenja.

Sistem zemljospojnog prekidaca koristi se u veéini transformatorskih stanica 110/20 kV “Elektrovojvodine”. U poetnoj fazi
nastojalo se da ova lokalna automatika radi Sto brze, bez daljinske kontrole i uz najmanje moguée intervencija u okviru postojeéeg
sistema zemljospojne zastite.

Mi smo uveli daljinski nadzor tehnike zemljospojnih prekidaca $to je omogucilo pracenje njihovog rada u okruzenju ostalih
dogadaja na mrezi sa velikim brojem korisnih informacija. Usporili smo rad automatike 50 milisekundi da bi uveli blokade rada
zemljospojnog prekidaca na kvarove koje zbog nihove prirode zemljospojni prekida¢ ne moze da eliminise.

Koristeéi to usporenje neki autori uvode blokadu rada zemljospojnog prekida&a pri davanju komande za ukljuéenje bilo kog
izvodnog prekidaca 20 kV. Ovde se sistem zemljospojnog prekida&a tretira kao zamena automatskog ponovnog ukljuéenja izvoda,
§to je pogreSan pristup. Sistem zemljospojnog prekidaCa zapravo odraduje posao zemljospojne zastite izvoda i kod prolaznih
kvarova automatsko ponovno ukljuéenje €ini nepotrebnim. Komentsarisatemo primenjeno reSenje i opisati poboljSanu verziju koja
viSe od godinu dana funkcioniSe na transformatorskim stanicama 110/20 kV Apatin i Sombor 2 uz razli¢it tretman kablovskih izvoda,
koji nemaju uredaj za automatsko ponovno ukljuéenje, od nadzemnih i meSovitih koji imaju.

Kljuéne re€i: zemljospojni prekida¢, blokade, izvodni prekidadi, zastita, inverzna komponenta.
COMMENTS ON SOME NEW SOLUTIONS FOR 20KV FEEDER PROTECTION AND GROUND SWITC AUTOMATICS
SUMMARY

Innovations in systems for protection and automatization of 110/20 kV transformer stations are rare and valuable. While
reading the studies from colleagues who designed and used some of them we felt the need to comment on what we consider
inadequately done and to suggest some better solutions

Wide use of microprocessor relays opened some space for experimentation. Known protective systems, that hadn't been
used before, were implemented. These are protective systems that are rarely put into function because the malfunctions that trigger
them occur rarely, and they were expensive and complicated. Adding new functions to microprocessor relays doesn’t increase their
price significantly.

Certain manufacturers offered protection from load asymmetry (inverse component of the current) for 20 kV feeders.
Although it's not included in Technical Guidelines of Elektroroprivreda Srbije, it has been applied on some transformer stations,
activated and described in studies. We do not consider the use of this function bad, but instead that it is being treated equal to others
(already tested and proven) systems for protection. In this study our view of this issue and possible better solutions will be explained.

Ground switch system is being used in most of Elektrovojvodina’s 110/20 transformer stations. In the early phase, our goal
was to try and make this local automatics work as fast as possible, without remote control and with the least possible number of
interventions within the limits of the existing ground protection system.

We introduced the remote supervision of ground switch technique, which made it possible to follow up their function in the
wider picture of other events on the network and with great number of useful information. We slowed down the function of automatics
for 50 milliseconds so that we could implement the blockages of ground switch function on the malfunctions which ground switch
can’t eliminate due to their nature.

Using this deceleration some authors implement the blockage of ground switch function while giving the command to turn
any 20 kV feeder switch on. Here the ground switch system is treated as a substitute for automatic reclosure of the feeder, which is a
wrong approach. The ground switch system actually does the work of ground protection of the feeder and in the transient
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malfunctions makes automatic reclosure unnecessary. We will comment on the applied solution and will describe the improved
version that functions for more than a year on 110/20 kV transformer stations Apatin and Sombor 2 with the different treatment of
cable feeders which do not have the device for automatic reclosure from overhead and mixed feeders that have it.

Key words: ground switch, blockages, feeder switches, systems for protection, inverse component.
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R-4.19
ANALIZA RADA TEHNIKE ZEMLJOSPOJNOG PREKIDACA | PREDLOZI ZA UNAPREDENJE FUNKCIONISANJA
B. MITROVIC, PD Elektrovojvodina-ED Ruma
KRATAK SADRZAJ

Elektrodistribucija Ruma distribuira elektriCnu energiju u pet sremskih opétina. Cela oblast je pokrivena razgranatom
srednjenaponskom mrezom, pretezno 20kV naponskog nivoa. Za otklanjanje prolaznih kvarova na srednjenaponskoj mreZi koristi se
kombinacija tehnike zemljospojnog prekidaca i automatike ponovnog ukljuéenja izvoda. Sve trafostanice 110/20kV opremljene su
lokalnom SCADA-om i povezane su u sistem daljinskog upravljanja $to nam daje mogucnost pracenja rada rasklopne opreme i
jedinstvenog sistema zastite i upravljanja u rezimu kvara. Sluzba za merenje i zastitu je izradila analizu rada zastite i automatike za
2011. godinu. U prvom delu rada su prikazani rezutlati uspesnosti tehnike zemljospojnog prekidaca i automatskog ponovnog
ukljuCenja izvoda. Vrednosti su iskazane u procentima od ukupnog broja kvarova u celoj srednjenaponskoj mrezi 20kV naponskog
nivoa. U drugom delu su prikazani uogeni nedostaci i dati predlozi za unapredenje rada koriS¢enjem komunikaciog protokola
IEC61850 ili standardnom izvedbom putem Zice.

Kljuéne re€i: zemljospojni prekidag, funkcija automatskog ponovnog ukljuéenja,prolazni kvarovi, IEC 61850, GOOSE.
EARTHING SWITCH TECHNIQUES FUNCTION ANALYSIS AND SUGGESTIONS FOR FUNCTIONING IMPROVEMENTS
SUMMURY

Power Distribution Company "Ruma" distributes electricity in five municipalities of Srem. The whole area is covered with
branched medium-voltage network, mainly 20kV voltage level. For the elimination of transient faults on medium voltage distribution
networks is used a combination of earting switch techniques and auto reclose function. All 110/20kV substations are equipped with
local SCADA and are connected to the remote control system which gives us the possibility of monitoring the performance of
switching equipment and uniform system of protection and control of the substation in the mode of failure. Department for
measurement and protection made an analysis of protection and automation for 2011. year. The first part presents the results of the
earting switch techniques and auto-reclose function in elimination of transiet faults. Values are expressed as a percentage of total
failures in the entire MV network voltage of 20kV. The second part presents the shortcomings and suggestions for improvement
using comunication protocol IEC61850 or standard performance by wire.

Kay words: earting switch, auto reclose function, transient faults, IEC61850, GOOSE.
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R-4.20

PRAKTICNA PROVERA PRIMENJIVOSTI ODREDIVANJA POLOZAJA REGULACIONE SKLOPKE KORISCENJEM STRUJA
PRIMARA | SEKUNDARA TRANSFORMATORA

M. SENTIN, EPS - P.D. "Elektrovojvodina" - Sektor eksploatacije Uprave, Srbija
Z. RISTANOVIC, Energotehnika Juzna Backa, Novi Sad, Srbija
S. SPREMIC, EPS - P.D. "Elektrovojvodina” - Sektor eksploatacije Uprave, Srbija
D. PETROVIC, EPS - P.D. “Elektrovojvodina“ - Ogranak “ED Subotica®, Srbija

KRATAK SADRZAJ

Teoretskim razmatranjem se moze pretpostaviti da postoji mogucnost odredivanja polozaja regulacione sklopke koris¢enjem
struja primara i sekundara transformatora. Na nekoliko transformatora je obavljena gruba provera oitavanjem vrednosti struja
primara i sekundara transformatora na displeju upravljackog uredaja. Vrednosti izratunatog prenosnog odnosa svih struja primara i
sekundara su usrednjeni i korienjem jednaCine je dobijena vrednost polozaja regulacione sklopke koja je zaokruZena na
celobrojnu vrednost. Nedostaci ovog o€itavanja su zaokruzivanje veli¢ina struja na cele vrednosti ili u najboliem sluéaju na jednu
decimalu. Ocitavanje na displeju upravljackog uredaja je u svim sluajevima dalo jednake vrednosti izraCunatog i stvarnog polozaja
regulacione sklopke uz koriséenje usrednjene vrednosti izradunatog prenosnog odnosa. Pored ovog izvrSena su i olitavanja
dobijena preko SCADA sistema i tu su rezultati loSiji $to je razmotreno i objadnjeno. Kako bi se dobili $to kvalitetniji rezultati na
nekoliko transformatora su snimljene istovremene vrednosti struja primara i sekundara uz snimanje i ostalih vrednosti (stvarni
poloZaj regulacione sklopke, napon primara i sekundara, sacinilac snage) pri razlicitim uslovima koji obuhvataju razli¢ita opterecenja,
sacinioce snage, primarne i sekundarne napone. Prikazani rezultati za date uslove potvrduju primenjivost ovog nacina odredivanja
polozaja regulacione sklopke. Neophodno je obaviti dodatna snimanja za uslove drugacije od ovde prikazanih kako bi se potvrdila
puna primenjivost.

KLJUCNE RECI: prenosni odnos, regulaciona sklopka, polozaj, struja.

PRACTICAL CHECKING OF APPLICABILITY OF TAP CHANGER POSITION DETERMINATION USING PRIMARY AND
SECONDARY CURRENTS OF TRANSFORMER

SUMMARY

Based on theoretical consideration it could be assumed thet there is possibility to determine tap changer position uising
primary and secondary currents of transformer. On several transformers rough check with reading primary and secondary currents of
transformers on display of intelligent electronic device for control and protection. Values of turn ratio of all primary and secondary
currents were averaged and using equation tap changer position value was attained and it was rounded to integer value. Lack of this
manner is round to integer value or to one decimal place. Display reading on control and protection device gave same values for
calculated and actual value of tap changer position, using averaged values of calculated turn ratio. Beside that some readings
attained through SCADA systemgave poorer results and this is considered and explained. In order to get as good as possible results
on several transformers simultaneous values of primary and secondary currents were recorded with recording other values (actual
tap changer position, primary and secondary voltage, power factor) at different conditions whioch comprise different loads, power
factors, primary and secondary voltages. Represent results for given conditions approve applicability for this manner of tap changer
position determination. It is necessary to perform additional recording for conditions different from showed here in order to prove full
applicability.

KEY WORDS: turn ratio, tap changer, position, current.
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R-4.21

ANALIZA METODA ZA ELIMINACIJU UTICAJA OPADAJUCE JEDNOSMJERNE KOMPONENTE U FURIJEOVOM ALGORITMU
ZA ODREDIVANJE AMPLITUDE OSNOVNOG HARMONIKA MJERNOG SIGNALA ZA POTREBE RELEJNE ZASTITE

V. BAJIC, Elektrokrajina, Banja Luka, Republika Srpska
M. BURIC, Elektrotehnicki fakultet, Beograd, Srbija
Z. ADZIC, Elektrokrajina, Banja Luka, Republika Srpska

KRATAK SADRZAJ

U tehnici relejne zaStite za odredivanje amplitude osnovnog harmonika mjernog signala naj¢eS¢e se koristi Furijeov
algoritam. Furijeov algoritam je robusan i ima dobre filtarske karakteristike, ali je osjetljiv na prisustvo opadajuce jednosmjerne
komponente u mjernom signalu. Opadajuca jednosmjerna komopnenta utiCe na taénost i na brzinu odziva algoirtma. U ovom radu,
na pocetku prikazan je nastanak i uticaj opadajuce jednosmjerne komponente na tagnost odredivanja amplitude osnovnog
harmonika mjernog signala primjenom Furijeovog algoritma, a zatim su analizirane metode za eliminaciju opadajuce jednosmjerne
komponete iz mjernog signala i njihova primjena u Furijeovom algoritmu. Analiza je potkrijepliena detaljnim testiranjem metoda uz
pomo¢ radunarskih simulacija na mjerni signal koji se sastoji od opadaju¢e jednosmjerne komponente, osnovnog i viSih harmonika.
Dobijeni rezultati pokazace prednosti i nedostatke primjene pojedinih metoda u cilju eliminacije uticaja opadajuce jednosmjerne
komponetne u Furijeovom algoritmu za odredivanje amplitude osnovnog harmonika mjernog signala za potrebe relejne zastite.

Kljuéne rije¢i: Ampliutda, Furijeov algoritam, opadaju¢a DC komponenta, relejna zastita.

ANALYSIS OF METHODS FOR ELIMINATION OF THE DECLINING IMPACT OF THE SERIES COMPONENT IN THE FOURIER
ALGORITHM (FOURIER SERIES) FOR THE PURPOSE OF DETERMINING THE MEASURING SIGNAL’S BASIC HARMONIC
AMPLITUDE APPLIED IN RELAY PROTECTION

SUMMARY

The Fourier algorithm is one of the most popular algorithms used for amplitude estimation of the fundamental frequency
component in power system protection. The algorithm is robust with good filter characteristics, but is sensitive at presence of
decaying DC component. The decaying DC component decrease the precision and convergence speed of algorithm. The impact of
decaying DC component on the Fourier algorithm is theoretically investigated first in this paper and then are analysed methods for
removing decaying DC component and their appliance in the Fourier algorithm. The analysis is accompanied by a detail testing with
computer simulation using measuring signal which is composed of fundamental and high harmonics and decaying DC component.
The obtained results shows the advantages and disadvantages of used methods for elimination effect of decaying DC component in
the Fourier algorithm for amplitude estimation of the fundamental frequency component in power system protection.

Key words: Amplitude, Fourier algorithm, decaying DC component, power system protection.
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R-4.22
MODELOVANJE KRIVE MAGNECENJA STRUJNIH REDUKTORA
LJ. MLADENOVIC, D. PREDIC, PD Jugoistok-Ni§, Srbija
KRATAK SADRZAJ:

Problematika numerickog modelovanja nelinearnih efekata u elektroenergetici se naroito namece u oblasti relejne zastite,
zbog velikog uticaja zasi¢enja strujnog reduktora na rad relea. Mikroprocesorska zastita je na to posebno osetljiva, jer se zasniva na
semplovima trenutnih vrednosti.Rad analizira razliéite na¢ina modelovanja krive magnecenja transformatora. Kako je vrlo vazno
dobro modelovati pojavu zasi¢enja, naroéito su razmatrani strujni reduktori, buduéi da oni, zbog uslova u kojima se koriste, ¢esto
rade u oblasti zasi¢enja.U prvom delu je prikazana aproksimacija pomo¢u standardnog “piecewise linear” modela. U nastavku je
kriva magnecéenja modelovana pomocu polinomnih splajnova, koji se u strunim publikacijama preporucuiju, ali jo$ uvek nemaju Siru
praktiCnu primenu.Prikazana je praktiCna realizacija pomenutih aproksimacija koris¢enjem matematickih programskih paketa.
Analizirani su rezultati simulacija za svaki od ova dva pristupa. U zaklju¢ku su izdvojene prednosti i nedostaci svakog od njih.

Kljuéne reci: relejna zastita, nelinearnost, strujni transformator, splajn.
MODELING THE EXCITATION CURVE OF CURRENT TRANSFORMERS
SUMMARY

Modeling of nonlinear effects is a topic which bears considerable significance in the area of relay protection, since relays are
very much affected by the saturation of current transformers. Microprocessor relays are particularly sensitive, as they rely on
samples of real-time values.

This work analyzes various approaches to modeling the excitation curve of transformer. As the proper modeling of saturation
is very important the stress of the analysis is on current transformers, whose application is often in saturated state.The first part
deals with standard, piecewise linear approximation. The second is about modeling based on polynomial splines, which are highly
recommended in various publications, but still not widely accepted in practice.

Practical applications of those approaches are done using math software packages. Results of simulations are mutually
compared and evaluated. Advantages and disadvantages of each are pointed out.

Key words: relay protection, nonlinear, current transformer, spline.
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KONTROLA POMOCNOG NAPAJANJA U SREDNJENAPONSKIM POSTROJENJIMA

Z. KUVAC, M. RISTIC
Kvazar, Srbija

KRATAK SADRZAJ

Pouzdanost rada jedne TS (transformatorske stanice) u znacajnoj meri zavisi od kontinuiranosti napajanja uredaja i opreme
pomoénim naponom. Pomocni naponi u TS obezbjeduju se iz raznih izvora: akumulatorskih baterija, ispravljaca, DC/DC konvertora
ili kondenzatorskih baterija. Posto se postavljaju sve stroZiji uslovi prema uredajima za zastitu i upravljanje to je potrebno obezbediti i
adekvatnu kontrolu njihovog pomo¢nog napajanja.

Pomocni napon potrebno je kontrolisati ne samo po intezitetu nego i po kvalitetu. Zbog ovoga predlazemo jedan sistem kaoji
kontroliSe jednosmerno (pomo¢no) napajanje. Znacajno je naglasiti da se podaci o jednosmernom naponu prenose na daljinu.

Posebno je analizirana situacija kada i pored svih preduzetih mera ostanemo bez pomoénog napona. Da bi se ovo
prevazislo predvidamo koriStenje rezervne zastite do uspostavljanja jednosmernog napona.

Na kraju smo obradili kontrolu komandnih krugova jednosmernog (pomoc¢nog) napajanja.

Kljuéne re¢i: pomocni napon, kontrola jednosmernog napona, kontrola zemljospoja u kolima JSS, rezervno napajanje.
CONTROL OF THE AUXILIARY POWER IN THE MEDIUM-VOLTAGE FACILITIES
SUMMERY

Reliability of a substation to a large extent depends on the continuity of power supply devices and auxiliary equipment
voltage. Auxiliary voltages of the substation shall be provided from various sources: rechargeable battery, AC adapter, DC / DC
converters and capacitor battery. Since all the sets more stringent requirements on power protection and control it is necessary to
provide adequate control of their auxiliary power supply.

Auxiliary power is necessary to control not only the intensity but also in quality. Because of this we propose a system that
controls the dc (auxiliary) power. It is important that the data on the dc transmission.

Especially when you analyze the situation and despite all of the measures remain without auxiliary voltage.To overcome this
we anticipate the use of backup protection to the establishment of dc voltage.

In the end we processed the control of circuit auxiliary power.

Key words: auxiliary voltage, control auxiliary voltage, backup power.
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DETEKCIJA PROBLEMA U ELEKTROVUCNOJ PODSTANICI JP ZELEZNICE SRBIJE

_ D.PETROVIC, M. LAZIC, Iritel a.d. Beograd
|. KAMDZIJAS, D. CARAPIC, P. UROSEVIC, JP Zeleznice Stbije

SADRZAJ

Pouzdanost savremenih redenja pomoénih napajanja kao i uredaja koji se napajaju iz pomocnih napajanja u JP Zeleznice
Srbije, se pokazala znatno manja od ocekivane. Da bi se detektovali uzroci pojave otkaza, u saradnji sa tehnickom sluzbom JP
Zeleznice Srbije, u trafostanicu u Zemunu montiran je uredaj za daljinski nadzor. Osnovni napon napajanja je iz Elektrodistributivne
mreze nominalne vrednosti 110kV. U trafostanici, napon se spusta na 25kV koji se naknadno spusta na nominalni napon 230V.
Uredaj prikuplja i prenosi podatke do udaljenog centra za nadzor koji se nalazi na Topcideru u Beogradu. Kao prenosni put koristi se
GPRS. Namenski je napravljan graficki prikaz na kome su naglaSene sve relevantne veliCine koje se kontroliu. Softver u centru za
nadzor omogucava obradu, analizu i graficki prikaz prikuplienih podataka. Nakon izvrSene analize detektovane su greske koje
izazivaju otkaz uredaja i sistema. U radu su opisani problemi na posmatranim uredajima i sistemima i dati su grafici na kojima se
jasno vide uoCene greSke. Problemi nastaju nailaskom kompozicije koja se napaja iz trafostanice. Promene napona napajanja su
takve da izlaze izvan granica dozvoljenih vrednosti. Kompletna analiza grafi¢kog prikaza snimljenih signala moze ukazati na izmene
koje je potrebno uraditi da bi se greSke minimizovale, odnosno, u potpunosti otklonile.

Kljuéne re€i: trafostanice, pomoéno napajanje, daljinski nadzor.
DETECTION OF PROBLEMS IN SUBSTATIONS PUBLIC RAILWAY TRANSPORT
SUMMARY

Reliability of modern power solutions and ancillary devices are powered from auxiliary power to Serbian Public Railway
transport, has proved to be significantly lower than expected. In order to detect the causes of failure, in cooperation with the technical
services of Serbian Public Railway transport, in the substation in Zemun is mounted device for remote monitoring. The main supply
voltage from the power grid with a nominal value of 110kV. In the substation, the voltage is lowered to 25kV, which subsequently
lowered the nominal voltage of 230V. The device storage and transmits data to a remote monitoring center located in Topcider in
Belgrade. GPRS is the transmission path. Graphical representation is dedicated created and shows all the relevant variables which
are controlled.The device for remote monitoring located in the substation in Zemun. Software in the remote monitoring center allows
the processing, analysis and graphical presentation of data collected. After the analysis, detected errors are caused by failure
devices and systems. This paper describes the problems in the monitored devices and systems and graphics are presented which
clearly see the error identified. Problems arise arrival of the composition which is supplied from the substation. Voltage changes are
such that go beyond the limits of the acceptable. Complete graphical analysis of recorded signals, can indicate the changes that
need to be done to minimize errors, or completely eliminate them.

Keywords: Substation, Power Supplies, Serbian Public Railway transport.
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EKSTREMNO VISOKE UCESTALOSTI ISPADA TRANSFORMATORA NA OBODU GRADSKE KABLOVSKE | PRIGRADSKE
NADZEMNE ELEKTRODISTRIBUTIVNE MREZE 10 kV UZEMLJENE PREKO OTPORNOSTI OD 20 Q | 400 Q

T. MILANOV, PD »Elektrodistribucija Beograd« Beograd, Srbija
KRATAK SADRZAJ

Radom se iznose iznose uéestalosti ispada energetskih transformatora 110/10 kV na obodu gradske kablovske i prigradske
nadzemne mreze 10 kV koje su toliko visoke da su implicirale obimna studijska istraZivanja uzroka ovih ispada.

U drugom delu rada iznose se proraunima dobijene vrednosti nesimetriénih struja kvara i pripadaju¢ih prenapona u
elektrodistributivnim mreZzama sa radijainim nadzemnim vodovimai 10 kV, tipskih preseka, a u zavisnosti od tretmana neutralne
tacke mreza i duzine vodova. Proracuni su radeni za vrednost prelazne impedanse na mestu kvara Zx=0€ (tzv. metalni zemljospoj).

U treem delu rada odredene su maksimalne vrednosti prelaznog otpora na mestu kvara, Rk (€2), koje moze da obuhvati
klasicna relejna zastita u izvornim TS, naravno u funkciji od duZine vodova, podeSenosti reagovanja relejne zastite, kao i tretmana
neutralne tacke mreza.

ZakljuCuje se da pri izgradnji perspektivne elektrodistributivne mreZe treba itekako voditi racuna o tome da se podrucja sa
nadzemnim mrezama »odvoje« od gradskih kablovskih mreza 10 kV sa uzamljenom neutralnom tackom transformatora preko
otpornosti od 20 Q, i nadzemne mreze napajaju elektricnom energijom iz prigradskih TS X/10 kV sa uzemljenom neutralnom
tatkom transformatora preko otpornosti od 400 Q.

Kljuéne reci: nadzemne mreze, nesimetricne struje kratkih spojeva, prelazna otpornost na mestu kvara, prenaponi pri jednopolnim
zemljospojevima.

EXTREMLY HIGH LEVELS OF INTERRUPTIONS OF TRANSFORMERS IN 10 kV CABLE AND OVERHEAD POWER
DISTRIBUTION NETWORK EARTHED VIA RESISTANCE 20 O AND 400 O

ABSTRACT

This paper presents the values of calculated asymmetrical short-circuit currents and associated overvoltages in power
distribution networks with radial 10 kV overhead lines, of the type cross sections, and depending on neutral point treatment and the
length of the lines. The calculations were carried out for the values of transition impedance on the fault location Zx=0Q2 (so called
metallic earth fault).

The second part of the paper determines the maximal values of transition resistance on the fault location, Rk (€2), which may
be encompassed by the conventional relay protection in source TS, naturally as a function of the length of the lines, relay protection
settings, as well as a network neutral point treatment.

It is concluded that upon a construction of the prospective power distribution network the care should be taken that the
overhead power networks must be isolated from cable power networks in order not to conclude extremely high levels of interruptions
of transformers X/10 kV.

Key words: overhead networks, asymmetrical short circuits currents, transition resistively on fault location, over voltages due to
single pole earth faults.
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BEZBEDNOST | RUKOVANJE PODACIMA U PAMETNIM MREZAMA
V. JOSIPOVIC, JP ,Elektromreza Srbije*, Srbija
KRATAK SADRZAJ

Sa implementacijom pametne mreze raste vaznost informacionih tehnologija (IT) i telekomunikacione infrastrukture u
obezbedivanju pouzdanosti i bezbednosti u oblasti elektroenergetike. Zato bezbednost sistema i informacija u IT i
telekomunikacionoj infrastrukturi mora biti razvijana uporedo sa energetskim sektorom. Bezbednost treba da bude ukljuena u sve
faze razvojnog ciklusa, od projektovanja preko implementacije, odrzavanja kao i modifikacija do stavljanja van upotrebe. Sajber
bezbednost nije samo namerno izazvan napad od strane nezadovoljnih zaposlenih, agenata industrijske SijunaZe i terorista, veé
takode nenamerno ugrozavanje informacione infrastrukture putem greSaka korisnika, kvarovima opreme i prirodnim nepogodama.
Ranjivosti mogu omoguditi napadacu da prodre u mrezu, stekne pristup upravijatkom softveru, i tako izmeni prikaz optereéenja i
destabilizuje mrezu na nepredvidiv na€in. U toku prelaska na pametnu mrezu, IT i telekomunikacioni sektor ¢e biti znatno vise
ukljugeni. Ovi sektori imaju postojece standarde bezbednosti kojima se odreduju slabosti i programe procene za identifikaciju
poznatih slabosti u njihovim sistemima. Neke od ovih slabosti se moraju posebno proceniti u kontekstu infrastrukture pametne
mreze. Uz sve to, pametna mreza ima dodatne slabosti koje nisu samo posledica njene slozenosti, ve¢ se javljaju zbog velikog broja
ucesnika i operacija koje su visoko zahtevne u pogledu vremena za realizaciju. Sajber bezbednost treba da bude adekvatno
primenjena u oblasti energetskog sistema IT i telekomunikacionog sistema da bi odrzavala raspoloZivost pametne mreZe i privatnost
podataka o korisnicima. Tradicionalno, sajber bezbednost za informacine tehnologije (IT) se fokusira na zastitu od koje se zahteva
da obezbedi poverljivost, integritet, i dostupnost elektronskih informaciono komunikacionih sistema. Zemlje u kojima postoji iskustvo
u uvodenju pametnih mreZa su na nivou nacionalnih organizacija za standardizaciju dale preporuke za bezbednost podataka i zastitu
privatnosti. Takvo iskustvo bi uz uvazavanje lokalnih specifiénosti moglo da bude od koristi.

Kljuéne re€i: pametne mreZe, bezbednost podataka, privatnost podataka,
DATA SECURITY AND HANDLING IN SMART GRIDS
SUMMARY

With the implementation of the Smart Grid has come an increase in the importance of the information technology (IT) and
telecommunications infrastructures in ensuring the reliability and security of the electric sector. Therefore, the security of systems
and information in the IT and telecommunications infrastructures must be addressed by an evolving electric sector. Security must be
included in all phases of the system development life cycle, from design phase through implementation, maintenance, and
disposition/sunset.

Cyber security must address not only deliberate attacks launched by disgruntled employees, agents of industrial espionage,
and terrorists, but also inadvertent compromises of the information infrastructure due to user errors, equipment failures, and natural
disasters. Vulnerabilities might allow an attacker to penetrate a network, gain access to control software, and alter load conditions to
destabilize the grid in unpredictable ways. With the ongoing transition to the Smart Grid, the IT and telecommunication sectors will be
more directly involved. These sectors have existing cyber security standards to address vulnerabilities and assessment programs to
identify known vulnerabilities in their systems. These same vulnerabilities need to be assessed in the context of the Smart Grid
infrastructure. In addition, the Smart Grid will have additional vulnerabilities due not only to its complexity, but also because of its
large number of stakeholders and highly time-sensitive operational requirements. Cyber security needs to be appropriately applied to
the combined power system and IT communication system domains to maintain the reliability of the Smart Grid and privacy of
consumer information. Traditionally, cyber security for Information Technology (IT) focuses on the protection required to ensure the
confidentiality, integrity, and availability of the electronic information communication systems. Countries with experience in smart grid
technology have recommendation about data security and data privacy issued by natonal buro for standardization. That experience
can be very useful, according to local practice.

Key words: smart grid, data security, data privacy.
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PRIMENA OPTICKOG DIGITALNOG SISTEMA PRENOSA ZA POTREBE SISTEMA DALJINSKOG UPRAVLJANJA PD
"ELEKTRODISTRIBUCIJA BEOGRAD" D.0.0.

P. KUZMANOVIC, S. JOVANOVIC
PD ,Elektrodistribucija Beograd* d.0.0.; Srbija

ABSTRAKT

Predmet rada je izgradnja digitalnog sistema prenosa za rad po optickim vlaknima na pravcima izmedu dispecerskog centra
upravljanja (DCU) Slavija i 22 lokacije na kojima se nalaze trafo-stanice. Izmedu njih su poloZeni opticki kablovi sa monomodnim
vlaknima ITU-T G.652. Implementacijom postojeceg tehnickog reSenja obezbeduje se prenos signala za potrebe sistema daljinskog
upravljanja (SDU) trafo-stanica, kao i prenos signala mrezne trofrekventne komande (MTK) i signala govora (E1). Na svakoj od
lokacija instaliran je PDH/SDH uredaj UMUX1500 koji pripada familiji fleksibilnih multipleksera kompanije KEYMILE. Glavne funkcije
UMUX-a su povezivanje, cros-connect, multipleksiranje i prenos. Ovi multiplekseri se odlikuju modularnoéu i velikim brojem kartica
sa razli¢itim interfejsima. Za prenos podataka za potrebe daljinskog upravijanja koriste se DATAR kartice sa interfejsima V2.4/V2.8.
Na svakoj kartici se nalaze 4 interfejsa. Ostvarena je potrebna brzina prenosa od 9600kb/s, dok je maksimalna moguéa 256kb/s.
UMUX uredaji su medusobno povezani STM4 ili STM1 interfejsima. Ostali interfejsi koji postoje u mrezi su G.703 za prenos signala
E1, E&M 2W/4W za potrebe MTK. Mrezom UMUX-a se upravlja preko softverskog paketa UCST R8B koji je instaliran na lokaciji
DCU Slavija. Racunar na kom je instaliran UCST je preko IP mreZe povezan na UMUX koji se nalazi na lokaciji DCU Slavija odakle
je moguce pristupiti ostalim udaljenim lokacijama preko SDH ECC kanala. U sistemu postoji pet razli¢itih tipova daljinskih stanica sa
svojim komunikacionim protokolima. Preko ovog prenosnog sistema omogucena je realizacija daljinskog upravljanja iz nadredenog
centra u realnom vremenu. MreZa digitalnog sistema prenosa je realizovana u Cetiri pravca koji polaze iz DCU Slavija. Za jedan broj
stanica koje se nalaze u prstenovima obezbedene su zastitne putanje. U slucaju prekida na glavnom prenosnom putu ili otkaza
nekog od uredaja automatski se prelazi na zastitnu putanju éime je pove¢ana pouzdanost sistema.

Kljuéne reéi: opticki digitalni sistem za prenos, daljinsko upravljanje, UMUX, multiplekseri, EDB

IMPLEMENTATION OF DIGITAL OPTICAL TRANSMISSION SYSTEM FOR DEMANDS OF REMOTE CONTROL SYSTEM OF
“ELECTRIC POWER DISTRIBUTION - BELGRADE” LLC

SUMMARY

The paper is about construction of digital transmission system over the optical fiber on the routes between the dispatch
control center at Slavija and 22 locations with power stations. Among them, there were placed optical cables with single-mode fiber
ITU-T G.652. Implementation of existing technical solutions provides the transmission of signal for remote control system of power
stations, as well as the signal for voice (E1) and signal for network three-frequency command. At each location it is installed the
PDH/SDH device UMUX1500 which belongs to the family of flexible multiplexers produced by KEYMILE company. The main
features of UMUX devices are making connections, cross-connecting, multiplexing and transmitting. These multiplexers are
characterized by modularity and a large number of cards with different interfaces. DATAR cards with V2.4/V2.8 interfaces are used
for transmission of remote control system data. There are four interfaces on each card. The required transmission rate of 9.6kb/s is
achieved, while the maximum possible is 256kb/s. The connection between UMUX devices in the system is made over STM4 or
STM1 interfaces. Other interfaces that exist in the network are G.703 for E1 transmission and E&M 2W/4W for network three-
frequency command transmission. The network of UMUX devices is controlled by the UCST R8B software package that is installed
on PC at the site of dispatch center. The computer on which the UCST is installed is connected over an IP network to UMUX which
is located at center. From that UMUX it is possible to access other remote sites via SDH ECC channels. The system includes five
different types of remote stations who have their communication protocols. The realization of remote control system from the center
is enabled in real time. The network of digital transmission system is realized in the four directions that depart from the dispatch
center. There are protection paths provided for a number of stations that are located in the rings. In the event of failure on the main
transmission path or a failure of the device, the transmissions are automatically switched to protection path. That mechanism
increases system reliability.

Key words: digital optical transmission system, remote control system, umux, electric power distribution, Belgrade.
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IMPLEMENTACIJA DIGITALNOG RADIO-SISTEMA ZA PRENOS GOVORA PD ELEKTRODISTRIBUCIJA BEOGRAD D.0.0.
P. KUZMANOVIC, N. ANTIC, Elektrodistribucija Beograd, Srbija

ABSTRAKT

Za potrebe ostvarivanja osnovne delatnosti preduzeca, distribucije elektriéne energije u skladu sa savremenim sistemima
upravljanja elektro-distributivnom mrezom, u okviru EDB-a od decembra 2011. godine implementiran je digitalni MOTOTRBO radio-
sistem za prenos govora kompanije MOTOROLA. Na taj nacin je omoguéeno sprovodenije tehnoloskog procesa u cilju upravljanja i
odrzavanja objekata distributivnog elektro-energetskog sistema, a samim tim i pouzdano i kvalitetno snabdevanje elektriénom
energijom na konzumnom podruéju PD “Elektrodistribucija Beograd®. Pored govornog saobracéaja sistem podrzava i servise prenosa
podataka za potrebe GPS praéenja vozila i ljudi, kao i prenosa tekstualnih poruka. U Elektrodistribuciji Beograd trenutno je
implementirano 200 mobilnih jedinica. U sistemu ima deset semidupleksnih radio-kanala rasporedenih na pet lokacija, kao i &etiri
simpleksna kanala. Radio-kanali su Sirine opsega 12.5kHz. U okviru svakog radio-kanala implementira se TDMA tehnika pristupa sa
potrebnih dozvola. Ovi ripiteri su instalirani na pet lokacija (Avala, Bresti¢i, Zemun, Obrenovac i Kosmaj) i rade u VHF opsegu, u
sledeCim podospezima: 165.025-166.625MHz i 169.525-171.125MHz. Koriste se ripiterske stanice Motorola DR3000. Antenski
sistem na svakoj od lokacija €ine nezavisne antene za svaki od ripitera, drugim re¢ima za svaki radio-kanal postoji posebna antena.
Ovih pet lokacija i EDB centar na Slaviji su medusobno povezane digitalnom radio-relejnom mrezom koja se sastoji od 5 deonica,
kapaciteta od 10Mb/s do 34.3Mb/s. Uredaiji koje se koriste su Motorola PTP800 u frekvencijskom opsegu 15GHz, sa indoor i outdoor
jedinicama. Izmedu pomenutih PTP800 antena ostvarena je ethernet konektivnost. Od ukupno Cetiri kanala na svakom ripiteru u
sistemu, jedan je definisan kao lokalni za potrebe dispecerskih podcentara, a 3 su zajednicka za celo konzumno podruéje Beograda.
U dispederskom centru EDB-a na Slaviji su instalirane dve dispederske MotoBRIDGE radne stanice. Pomocu njih dipspeceri u
centru mogu, pored osnovne komunikacije sa ekipama na terenu, da ostvaruju i dodatne funkcionalnosti kao $to je ostvarivanje
privatnih poziva ka radnim stanicama, izlazak na javnu telefonsku mrezu, omoguéavanje komunikacije medu stanicama i grupama
kojima to inace nije dozvoljeno, kao i mnoge druge. Snimanje govornog saobracaja na kanalima u sistemu se ostvaruje preko NICE
sistema za snimanje, a GPS pracenje vozila i ljudi preko HERMES AVL platforme.

Kljuéne re€i: radio, sistem, elektrodistribucija beograd, Motorola, Mototrbo.

IMPLEMENTATION OF DIGITAL RADIO SYSTEM FOR VOICE TRANSMISSION AT “ELECTRIC POWER DISTRIBUTION -
BELGRADE” LLC

SUMMARY

For the purpose of realizing the main business of the company, distribution of electricity in accordance with modern management
systems of controlling electrical distribution network, EDB has implemented digital MOTOTRBO radio system for voice transmission
produced by Motorola Company. The goal is to enable the implementation of technological processes for the management and
maintenance of electrical power distribution systems, and thus reliable and quality electricity supply to the area of consumable EDB.
Beside the voice traffic, system supports the data transmission services for GPS tracking of vehicles and people, as well as sending
short text messages. Currently, 200 mobile units are implemented. The system has ten semi-duplex radio channels which are
configured to the five sites and four simplex channels. Radio channels have bandwidth of 12.5 kHz. Within each radio channel it has
been implemented TDMA access technique with two time slots (a total of four logical traffic channels per site) which doubles the
capacity of repeaters and decreases the number of required permits. These repeaters are installed at five locations (Avala, Bresti¢i,
Zemun, Obrenovac and Kosmaj) and they are operating in VHF band, the following sub-bands: 165.025-166.625 MHz and 169.525-
171.125 MHz. Repeater stations Motorola DR3000 are used. Antenna system at each of the sites is independent for each of the
repeaters, in other words, each radio channel has its own antenna. These five locations and EDB dispatch center at Slavija are
connected through digital radio-relay network that consists of 5 sections, with capacities of 10 Mb/s up to 34.3 Mb/s. Devices that are
used are Motorola PTP800, the frequency is 15 GHz, with indoor and outdoor units. There is Ethernet connectivity between these
antennas. From a total of four channels on each repeater in the system, one is defined as a local channel for dispatchers from sub-
centers, and three of them are common for the entire consumption area of Belgrade. In the dispatch center EDB at Slavija two
MotoBRIDGE dispatch workstations have been installed. In addition to the basic communication with the teams on the field, by using
these workstations, dispatchers may achieve additional functionalities such as establishing private calls with mobile stations, access
to the public telephone network, establishing communication between stations and groups which is not allowed normally, and many
others. Recording voice traffic on the channels in the system is done via NICE recording system and GPS tracking with the HERMES
AVL platform.

Keywords: radio, system, mototrbo, electric power distribution, Belgrade, Motorola.
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Izvestaj STK 5
Struéna komisija 5
DEREGULACIJA, TRZISTE | EFIKASNO KORISCENJE ELEKTRICNE ENERGIJE

Predsednik komisije — dr Nenad KATIC
Fakultet Tehni¢kih Nauka, Novi Sad, Srbija

U predvidenom roku za prijem radova i nakon razmatranja od strane recenzenata i strucnih izvestilaca, prinvaceno je 34 rada. S
obzirom na veliki broj radova u stru¢noj komisiji i radi efikasnijeg rada na sesijama, izvrSeno je grupisanje radova u tri teme,
objedinjavanjem preferencijalnih tema iz poziva za pisanje referata:

Tema 1 - Restrukturiranje, deregulacija i trziste elektriCne energije

Struéni izvestilac je dr Nenad Kati¢ sa Fakulteta Tehni¢kih Nauka, Novi Sad. U ovoj temi prihvaéeno je 13 radova u skladu sa
preferencijalnim temama iz poziva za pisanje referata:

o [skustva deregulacije i restrukturiranja elektroprivrede u regionu,

e Principi obraCuna tarifa za distributivne usluge i principi tarifiranja za tarifne kupce

Tema 2 - Efikasno kori§éenje elektricne energije

Strucni izvestilac je dr Zeljko Popovi¢ iz PD Elektrovojvodine. U ovoj temi prihvaéeno je 10 radova u skladu sa preferencijalnim
temama iz poziva za pisanje referata:

o Distribuirane elektrane — pristup mreZama, zastita i upravljanje - iskustva, propisi i standardi,
o Efikasno koriS¢enje elektriéne energije i upravljanje opterecenjem.
Tema 3 — Merni uredaji, obracun elektriéne energije, poslovni informacioni sistemi

Struéni izvestilac je mr Branislav Radovi¢ iz PD Elektrovojvodine Novi Sad. U ovoj temi prihvaceno je 11 radova u skladu sa
preferencijalnim temama iz poziva za pisanije referata:

o  Merni uredjaji, poslovni informacioni sistemi, obraCun i naplata elektriéne energije i odnosi sa potro$agima.
¢ Daljinsko oCitavanje mernih uredaja, tehnicka reSenja, komunikacioni zahtevi, iskustva,

Na pisanju izveStaja, strucni izvestioci su se rukovodili zapaZanjima, komentarima i pitanjima recenzenata, na ¢emu im se
posebno zahvaljuju.

IZVESTAJ STRUCNIH IZVESTILACA
Tema 1
Restrukturiranje, deregulacija i trziSte elektri¢ne energije
Strucni izvestilac - dr Nenad KATIC, Fakultet Tehnigkih Nauka, Novi Sad, Srbija

R-5.01 MOGUCNOSTI KONCESIONE IZGRADNJE | NACINI PRIKLJUCENJA NA DISTRIBUTIVNU MREZU MALIH
HIDROELEKTRANA U BOSNI | HERCEGOVINI

Autori: M. HASANIC, Faruk HIDIC, Vedad BECIROVIC,
Komisija za koncesije Federacije Bosne i Hercegovine, Banjaluka, Bosna i Hercegovina

Recenzent: dr Dragoslav JOVANOVIC, Elektrovojvodina, Novi Sad, Srbija

U pojedinim delovima rad je veoma detaljan dok u drugim delovima daje putokaz za detaljnije informisanje. Medutim, otvorena su
neka pitanja vezana za u¢eS¢e mHE u regulaciju napona i integraciju mHE u distributivnu mreZu, $to daje podlogu za dalji rad na
ovoj problematici.

Rad ne sadrzi elemente nauénog doprinosa ali je u pitanju odli¢na informacija o stanju problematike u BiH. U tom smislu svakako
moze da posluzi kao znagajan putokaz u radu u drugim elektroprivredama.

Pitanja:

1. Koje su najéeSce prepreke za dobijanje saglasnosti za priklju¢enje na mrezu?

2. Koje su prednosti tipizacijskog pristupa planiranju izgradnje mHE, sa stanovista operatera i proizvodaca?

R-5.02 OBNOVLJIVI IZVORI ENERGIJE U CESKOJ REPUBLICI- UTICAJ NA TEHNICKA | EKONOMSKA
PITANJA

Autor: Frantisek VYBIRALIK, EEConsulting, Prag, Ceska Republika

Recenzent: dr Nenad KATIC, Fakultet Tehnigkih nauka, Novi Sad, Srbija

Kupovna cena elektriéne energije fotonaponskih elektrana najvisa je bila u Evropi i investitori iz mnogih Evropskih zemalja su gradili
ove elektrane. Do kraja 2011.-e godine fotonaponske elekirane sa instaliranim kapacitetom od 2100 MW i vetroelektrane sa
instaliranim kapacitetom od 220 MW su povezane na sve naponske nivoe distributivnog sistema. Tehnicki i ekonomski uticaj razvoja
fotonaponskih elektrana specifirani su u radu.
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Pitanja:

1. Koji je stvami procenat fotonaponskih i vetroelektrana u proizvodnji ukupne elektriéne energije u Ceskoj Republici?
2. Zasto je granica za snagu podeSena na 1695 MW i kako se podeSava cena ako se premasi ova granica?

3. Koja je strategija povezivanja dodatnih fotonaponskih elektrana?

R-5.03 PREGLED | PERSPEKTIVE TRZISTA ENERGIJE VETRA U EVROPSKOJ UNIJI | SRBUJI
Autori: Nenad KATIC, V. KATIC, B. DUMNIC, D. MILICEVIC, Z. CORBA,

Fakultet Tehni¢kih Nauka, Novi Sad, Srbija
Recenzent: dr Dusko BEKUT, Fakultet Tehnickih nauka, Novi Sad, Srbija

U radu je obradena problematika proizvodnje elektriéne energije iz energije vetra u Evropskoj Uniji i Srbiji. Dat je pregled, razvoj i
stanja ovakvog trzista u EU. Energija vetra postaje izuzetno znagajna posle zatvaranja velikog broja nuklearnih elektrana u celom
svetu. U radu je dat i pregled istraZivanja energetskih potencijala vetra u Srbiji, a posebno u jugo-istoénoj Vojvodini gde postoje veliki
potencijali za razvoj elektrana sa gledista pristupacnosti, elekiroenergetskih kapaciteta, saobracajne insfrastrukture i uslova zastite
okoline. Verovatno je da bi izgradnja vetroparkova smanijila eolsku eroziju koja izrazena u pravo u tim oblastima. Dat je pregled
nekoliko lokacija na kojima se moze odekivati relativno skora izgradnja prvih vetroelektrana u Srhiji.
Pitanja:
1. Dali autori imaju procenu koliko bi mogao da ko$ta 1 MW instalisane snage u vetroelektrani u Srbiji?
U radu je spomenuta snaga od 2 MW po generatorskoj jedinici sa kojom je uraden jedan broj inicijalnih proracuna. Da i je to i
optimalna snaga generatora za podrucje jugo-istoéne Vojvodine.
3. Da li autori imaju procenu kada bi se mogla oCekivati prva izgradnja vetroparka u Srbiji? Odnosno, koliko je daleko stvarna
realizacija takvog parka npr. u Planditu?

R-5.04 KORIéCENJE SOLARNE ENERGIJE ZA PROIZVODNJU ELEKTRICNE ENERGIJE
Autori; Predrag LALIC, Z. ZIVCEVIC, Elektrosrbija Kraljevo, Srbija
Recenzent: dr Imre LENDAK, Fakultet Tehnickih nauka, Novi Sad, Srbija

Rad opisuje jednostavan primer upotrebe solarnih panela za proizvodnju elektriéne energije. Prikazano re$enje je primenjeno i na
drugim mestima u Srbiji u okviru istog projekta.

Pitanja:

1. Kako je ova mala elektrana smanijila emisiju CO2 za 7,39 t?

2. Po ¢emu se razlikuje ovaj projekat od sli¢nih projekata Sirom Srbije?

3. Kako je izabrano mesto za fotonaponske panele?

R-5.05 OBNOVLJIVI IZVORI ENERGIJE U KONTEKSTU ENERGETSKE ZAJEDNICE JUGOISTOCNE EVROPE -
OSVRT NA ELEKTROPRIVREDU REPUBLIKE SRPSKE

Autori: Koviljka K. MARKOV, D. MURATOVIC, N. TESANOVIC, Elektroprivreda Republike Srpske, Bosna i
Hercegovina

Recenzent: dr Nenad KATIC, Fakultet Tehnigkih nauka, Novi Sad, Srbija

U ovom informativnom radu autori opisus strategiju Evropske unije i zemalja €lanica Energetske zajednice u pogledu povecanja

uceSca energije iz obnovljivih izvora. Poseban osvrt je dat na regulativu i praksu Republike Srpske.

Pitanja:

1. Kakva je trenutna situacija sa podsticajnim merama za izgradnju elektrana koje koriste obnovljive izvore energije u Republici
Srpskoj ?

2. Koliki je stepen izgradenosti elektrana koje koriste obnovljive izvore energije u Republici Srpskoj?

3. Kolike su “feeding” tarife i da |i se ubrzava izgradnja elektrana na obnovljive izvore energije?

R-5.06 STANJE PROCESA DEREGULACIJE, RESTRUKTUIRANJA | PRIVATIZACIJE ELEKTROPROVREDA U
ZEMLJAMA JUGOISTOCNE EVROPE

Autori: Aleksandra TAUSAN, Elektrobijeljina, Bijeljina, Republika Srpska, BiH,
N. KATIC, Fakultet Tehni¢kih Nauka Novi Sad, Srbija

Recenzent: dr Nenad KATIC, Fakultet Tehnigkih nauka, Novi Sad, Srbija

Procesi deregulacije i restruktuiranja elektroenergetskog sektora sa ciliem otvaranja trziSta elektri¢ne energije, koji su sprovedeni
poslednjih decenija, doveli su do krupnih promena u nainu organizacije i funkcionisanja vertikalno integrisanih elektroprivreda. U
ovom radu je predstavljen pregled stanja sprovodenja Ugovora o uspostavijanju Energetske zajednice u 5 zemalja potpisnica
Ugovora o uspostavljanju Energetske zajednice: Srbiji, Bosni i Hercegovini, Hrvatskoj, Crnoj Gori i Makedoniji.

Pitanja:

1. Kakve su preporuke Energetske zajednice vezano za modele trzista elektriCne energije koja su pred otvaranjem?

2. Kada se moze oCekivati pokretanje trzista elektricne energije u zemljama jugoistoéne Evrope?
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3. Dali se ogekuje formiranje zajednickog trzista elektricne energije zemalja jugoistoéne Evrope ili ¢e svaka zemlja otvarati lokalno

trziste?
R-5.07 ISKUSTVA SA PODELOM SLOVENACKIH ELEKTRO-DISTRIBUTIVNIH PREDUZECA | UTICAJ NA
INFORMACIONI SISTEM
Autori: Franci KLAUZNER, J. PIRC, Informatika d.d, Maribor, Slovenia
Recenzent: dr Aleksandar ERDELJAN, Fakultet Tehnickih nauka, Novi Sad, Srbija

Rad detaljno opisuje proces transformacije elektro-distributivnih preduzeca Slovenije i njegov uticaj na IT reSenja - §to ga Cini

originalnim i jedinstvenim. Autori opisuju svoje iskustvo i ukazuju na napore sloZzenog procesa transformacije IT reSenja i daju

komentare uglavnom sa globalnog poslovnog stanovista sistema. Govori se o ranijim - arhaji¢nim reSenjima, i modernizaciji Billing

sistema zasnovanoj na SOA konceptima i Web pristupu. Rad ima mali nau¢no-teorijski doprinos, ali donosi informacije od znacaja za

Siru struénu javnost.

Pitanja:

1. Kakav je uticaj liberalizacija trzista na IT kod drugih sli¢nih zemalja?

2. Pored billing sistema, kakve se promene oekuju u ostalim IT reSenjima?

3. Dali se reSenje zasniva na upotrebi medjunarodnih standarda? Rad spominje da su uvazene eblX preporuke, u kojoj meri su
primenjene i da li je razmatrana upotreba standarda poput IEC 61970 i IEC 619687

R-5.08 KONCEPT PAMETNIH MREZA (SMART GRIDS) U ELEKTRODISTRIBUTIVNOM SISTEMU
Autori: Zeljko POPOVIC, B. RADMILOVIC, V. GACIC, Elektrodistribucija SUBOTICA, Subotica, Srbija
Recenzent: dr Goran SVENDA, Fakultet Tehni¢kih nauka, Novi Sad, Srbija

U radu je dato jedno videnje implementacije koncepta "pametnih mreza" u elektrodistributivnim sistemima. Autori su u prvom delu
pregledom svetske literature definisali kljuéne poslovne procese i gradivne elemente koncepta pametnih mreza u distributivnim
sistemima. Nakon toga su prikazali aktivnosti koje se po tom osnovu sprovode u JP Elektrovojvodina i generalno definisali korake
koje treba realizovati u cilju implementacije koncepta pametnih mreza u distributivnim preduze¢ima. Kao takav rad je viSe nego
interesantan za Siroku struénu javnost, a pre svega za distributivna preduzeca.

Pitanja:

1. Kako su i s kojim prioritetom (hijerarhijom), povezani gradivni blokovi koncepta pametnih mreZa koji su prikazani na slici 1. Da li
je realizacija gradivnog bloka s jednog nivoa uslovljena realizacijom svih ili samo nekih od blokova iz prethodnog (prethodnih)
nivoa?

2. Dalije JP Elektrovojvodina uradila (ili radi) "cost/benefit" analizu implementacije koncepta pametnih mreZa u svom okruZenju?
Odnosno, da li autori mogu da istaknu prvi najbitniji momenat (interes) primene koncepta pametnih mreza u okviru JP
Elektrovojvodina?

R-5.09 UPRAVLJANJE ODNOSIMA SA KUPCIMA (CRM) U OKRUZENJU RAZDVOJENIH DELATNOSTI
OPERATORA DISTRIBUTIVNOG SISTEMA | TRGOVACA

Autor: Spela URH POPOVIC, S. KOLUNDZIJA, Noema cooperating d.0.0., Ljubljana, Slovenija

Recenzent: dr Nenad KATIC, Fakultet Tehnigkih nauka, Novi Sad, Srbija

Rad se bavi upravljanjem odnosima sa kupcima u okruZenju razdvojenih delatnosti operatera distirbutivnih sistema i trgovaca.
Dosadas3nji procesi koji su se odvijali u zajedni¢kom elektrodistribucijskom preduzeéu moraju biti pravilno razdvojeni na procese
distributera i snabdevaca, te je neophodno izvesti pravilnu razmenu podataka izmedu ova dva poslovna subjekta, i to transparentno i
podjednako za sve snabdevace elekiricnom energijom.

Pitanja:

1. Dalije razdvajanje delatnosti distribucije elektricne energije i snabdevanja sprovedeno u Sloveniji i kakva su iskustva?

2. Dalisurazdvojeni IT sistemi izmedu distributivnog operatera i snabdevaca?

3. Dali se distributivne kompanije opredeljuju za unapredenje postojecih IT sistema ili se nabavljaju nova reSenja?

R-5.10 ODNOSI IZMEDU KUPACA, SNABDEVACA | OPERATORA DISTRIBUTIVNOG SISTEMA U SMISLU
NOVOG ZAKONA O ENERGETICI

Autori: Zoran CURAKOVIC, Elektrodistribucija Zrenjanin, J. BORUS, Elektrodistribucija Sombor, Srbija

Recenzent: dr Nenad KATIC, Fakultet Tehnigkih nauka, Novi Sad, Srbija

Rad daje osnovne informacije o buduéim odnosima kupaca, snabdevaca i operatera distributivnog sistema u svetlu novog Zakona o
energetici. U radu se taksativno navode kljutne definicije iz novog zakona, kao i oCekivane grupe poslova u budué¢im odnosima
kupaca, snabdevaca i operatera distributivnog sistema, medutim bez ulaska u detaljnija objasnjenja navedenih poslova. Autori su se
ogradili da su navedeni poslovi predstavljeni u svetlu odredbi zakona u momentu pisanja rada, ali da su odredene izmene moguce
nakon dono$enja odgovarajucih podzakonskih akata od strane republicke viade.
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Pitanja:

1. U grupama poslova odnosa operatera distributivnog sistema i krajnjih kupaca nije navedeno izdavanje racuna za koriséenje
distributivne mreze Sto ¢e biti osnovni izvor prihoda u buduéem okruzenju, kako autori ofekuju prihodovanje koriséenja
distributivne mreze?

2. Vezano za prethodno pitanje, da li ¢e ugovore o pristupu sistemu sklapati krajnji kupci ili snabdevaéi u ime kupaca sa
operatorom distributivnog sistema?

3. Sadasnje distributivne kompanije treba da razdvoje energetske delatnosti distribucije i upravljanja distributivnim sistemom od
javnog snabdevanja, kako autori o€ekuju da ée se to realizovati u EPS-u?

R-5.11 ANALIZA OPTERE¢ENJA KUPACA U REPUBLICI SRPSKOJ
Autori: Dalibor MURATOVIC, J. LAZETIC, I. DERIKUCKA, Elektroprivreda Republike Srpske, Bosna i Hercegovina
Recenzent: mr Aleksandra TAUSAN, Elektrodsitribucija Bijeljina, Bosna i Hercegovina

U radu je, na osnovu mjerenja brojila sa daljinskim ocitavanjem, prikazana analiza rezultata mjerenja profila optereé¢enja razli¢itig
grupa potro$aca na 10 i 0.4 kV, kao i vrSne snage po potrodacu tih grupa. Analiza je vrlo sistemati¢na i kvalitetna osnova za dalje
analize profila optere¢enja potro$aca.

Pitanja:

1. Dalli je dizajn mreznih tarifa bio osnovni razlog za ovu analizu i na koji na¢in mislite da iskoristite dobijene podatke za dizajn
mreznih tarifa?

2. Po kom kriterijumu se vrsio izbor trafopodrucja na kojima je postavljen AMM sistem?

3. Navedeno je da kupci sa dvotarifnim mjerenjem nisu odreagovali na podsticaj u vidu dvostruko nize cijene elekiri¢ne energije u
periodu manje dnevne tarife. Sta bi bio va$ prijediog: povec¢anje odnosa cijene u veéem i manjem dnevnom tarifnom stavu ili
izjednaCavanje manje i vece dnevne tarife? Da li se u ovoj analizi moze prepoznati jo$ neki prijedlog za promjenu/dopunu
dnevnog tarifnog stava?

4. Da li planirate da nastavite sa ovom aktivno$cu, pogotovo u dijelu koji se odnosi na povecanje uzorka kod potro$ada iz
kategorije ,ostala potrodnja“?

R-5.12 INiENJ!ERING’MODEL ZA OCENU EFIKASNOSTI DISTRIBUTIVNIH PREDUZECA
Autori: Aca VUCKOVIC, N. DESPOTOVIC, Agencija za energetiku Republike Srbije, Beograd, Srbija
Recenzent: dr Nenad KATIC, Fakultet Tehni¢kih nauka, Novi Sad, Srbija

U ovom radu je prikazan takozvani inZenjering model koji sluzi da se oceni efikasnost distributivnog preduzeca. Model uzima u obzir

postojecu elektrodistributivnu mrezu i optimizira troSkove saglasno takvoj mrezi, ne optimizira samu distributivnu mrezu. Formira se

virtuelna kompanija za svako od privrednih drustava za distribuciju elektriéne energije u Srbiji. Zatim se utrvduje efikasnost svakog

privrednog druStva poredenjem sa odgovarajuéom virtuelnom kompanijom. U radu je dat kratak opis primenjenog modela, pregled

potrebnih podataka, dobijenih rezultata za elektrodistributivna preduzeca u Srbiji i na kraju zaklju€ak koliko je ovaj model primenjiv u

nasoj praksi.

Pitanja:

1. Rezultati primene EPSOEM modela na poslovanje srpskih elektrodistribucija u 2009. Godini pokazuju relativnu neefikasnost
poslovanja, da li ¢e model biti primenjivan svake godine?

2. Dali Agencija priprema podsticajne modele za obracun tarife za kori¢¢enje mreze radi unapredenja efikasnosti poslovanja?

3. Na koji regulatorni period ¢e takvi modeli biti primenjivani?

R-5.13 MODELI RAZDVAJANJA OPERATORA PRENOSNOG SISTEMA PREMA Il PAKETU PROPISA EU O
TRZISTU ELEKTRICNE ENERGIJE

Autori: Maja ADAMOVIC, ,EMS’, Pogon prenosa Novi Sad, Novi Sad, Srbija
Nenad KATIC, Fakultet Tehni¢kih nauka, Novi Sad, Srbija

Recenzent: dr Nenad KATIC, Fakultet Tehnickih nauka, Novi Sad, Srbija

Sa osvrtom na Pravila za pravno i funkcionalno razdvajanje operatora prenosnog sistema, zasnovana na Direktivi 2003, u radu je
prikazana Direktiva 2009 i novine koje unosi na ovom polju, u ciliu poboljSanja efikasnosti. Sistematiéno su prikazani detalji i
oCekivanja od novih pravila sa slede¢a tri modela: Vlasni¢ki model, Nezavisni sistem operator (NSO) i Nezavisni operator prenosa
(NOP).

Pitanja:

1. Kakva su, po saznanju autora, iskustva sa primenom novih pravila u Evropskoj Uniji, a kakva su dosadasnja iskustva u Srbiji?
2. Nakoji nagin o¢ekujete promene nakon sprovodenja ovih pravila u Srbiji u dugoroénom planu?

134



VIII SAVETOVAMJE O ELEKTRODISTRIBUTIVMIM MREZAMA SRBIE sa regionalnim uéeséem
VIII CONFERENCE ON ELECTRICITY DISTRIBUTION IN SERBIA with regional participation

Vrnjockn Banja, 23/09/2012 - 26/09/2012

TR &=

Tema 2
Efikasno koriSéenje elektricne energije

Strucni izvestilac: dr Zeljko POPOVIC, PD Elektrovojvodina, Srbija

R-5.14 PRORACUN MOGUCNOSTI | UTICAJA PRIKLjUS'IENjA MALE HIDROELEKTRANE PAKLENICA NA
ELEKTROENERGETSKU DISTRIBUTIVNU MREZU
Autori: S. DEKIC, D. SAVIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH

M. ZELJKOVIC, MH "ERS” Trebinje, Republika Srpska, BiH
G. RADIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH

R-5.15 UTICAJ PRIKLjU(":ENj.vA MALE HIDROELEKTRANE PAKLENICA NA SREDN;ENAPONSKU
DISTRIBUTIVNU MREZU | POTROSACKI KONZUM
Autori; S. DEKIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH

D. MURATOVIC, MH "ERS’ Trebinje, Republika Srpska, BiH
G. RADIC, D. SAVIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH
Recenzent: dr Zeliko POPQVIC, PD Elektrovojvodina, poslovnica Backa Topola, Srbija

U ovim radovima je razmatran uticaj prikljuéenja male hidroelektrane Paklenica, projektovane instalisane snage 232 kW sa
procenjenom godiSnjom proizvodnjom 1 GWh, na srednjenaponsku distributivnu mrezu i pripadajuéi potrosacki konzum. U prvom
radu su razmatrani proraduni, vr3eni odgovaraju¢im softverskim paketom, vezani za stanje distributivne mreze pre i nakon
priklju¢enja MHE, odnosno za moguc¢nosti prikljuéenja navedene MHE na distributivnu mrezu. U drugom radu je dat prikaz merenih
veli€ina (struja, napona, snaga), nakon pustanja u rad MHE, u delu distributivne mreze na koju rad MHE ima uticaj.

Pitanja:

1. Koliko se razlikuje stanje dela razmatrane distributivne mreze dobijeno proraCunima, koji su prikazani u radu “Proracun
mogucnosti i uticaja priklju¢enja male hidroelekirane Paklenica na eletroenrgetsku ditributivnu mrezu”, i stanje odredeno na
osnovu merenih vrednosti prikazanih u ovome radu?

2. Dallise korid¢eni proracuni mogu primeniti u svim sluajevima u procesu odobravnja prikljuéenja malih elektrana?

3. Dali suradene analize, i kakvi su dobijeni rezultati, po pitanju maksimalog nivoa penetracije MHE (ili drugih tipova/kombinacija
obnovljivih izvora) u distributivnoj mreZi u Republici Srpskoj?

4. Kakva su, po saznanjima autora, iskustva u radu distributivnih mreza sa veéim nivoom penetracije (npr. 10%, ili 15%) malih
elektrana u distributivnoj mrezi?

R-5.16 MODERNE TEHNOLOGIJE VETROGENERATORA

Autori: Vladimir KATIC, B. DUMNIC, D. MILICEVIC, S. GRABIC, Z. CORBA, N. KATIC
Fakultet Tehni¢kih nauka, Novi Sad, Srbija

Recenzent: dr Zeliko POPOVIC, PD Elektrovojvodina, poslovnica Bagka Topola, Srbija

U radu je dat pregled razli¢itih konfiguracija vetrogeneratora. Prikazane su tehnologije sa asinhronim i sinhronim generatorima, sa i

bez multiplikatora brzine a posebno su prikazana postojeca reSenja vetrogeneratora sa promenljivom brzinom. Takode su naglaseni

i moguci problemi koje prikljuéenje vetrogeneratora moze prouzrokovati u elektroenergetskoj mrezi.

Pitanja:

1. Koji maksimalni nivo kori§éenja (penetracije) vetrogenratora i kojih tehnologija je, po saznanjima autora, dostignut u
srednjenaponskim distributivnim mrezama u svetu?

2. Koliko i na koji na¢in, po misljenju autora, moZe realizacija koncepta pametnih mreza (Smart Grids), odnosno svih komponenti
koje Cine ovaj koncept (npr.energy storage, demand response), uticati na povecanje nivo koriéenja vetrogeneratora i ostalih
obnovljivih izvora u distributivnim mrezama?

R-5.17 USTEDE ENERGIJE SA ENERGETSKI EFIKASNIM LED SIJALICAMA | LED OSVETLJENJEM
OBJEKATA ELEKTRODISTRIBUTIVNE MREZE

Autori: Milko ZORBOSKI, A. JANJIC, N. FLORANOVIC, IRC ,Alfatec* Ni§, Srbija

Recenzent: dr Zeliko POPOVIC, PD Elektrovojvodina, poslovnica Bagka Topola, Srbija

U radu je prikazana moguénost ustede elektri¢ne energije u osvetljenju prostorija kori§éenjem LED modularnih sijalica. Takode su

prikazane i ostale prednosti koje LED sijalice imaju u odnosu na ostale vrste sijalica.

Pitanja:

1. Koliki bi bili ukupni troSkovi (troSak elektri¢na energija + troSak sijalica) za razli¢ite tipove sijalica (pomenute u radu) u periodu od
na primer 10 godina sa prose¢nim kori$¢enjem sijalica od 6 ¢asova dnevno?

2. Kolika je procenenjena zastuplienost (procentualno) LED sijalica u svetu u razli¢itim kategorijama potro$nje (domaéinstva,
komercijalni sektor, industrija, javno osvetljenje)?
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R-5.18 DETEKCIJA PRISUSTVA KOTLOVA ZA GREJANJE U NN MREZI NA BAZI MERENJA SNAGE
Autori: Milos D. MILOSEVIC, A. JANJIC, M. M. MILOSEVIC, Z. RADONIC, IRC ,Alfatec” Nis, Srbija
Recenzent: dr Zeliko POPQVIC, PD Elektrovojvodina, poslovnica Backa Topola, Srbija

U ovom radu je razmatrana primena fuzzy logike u detekciji prisustva kotlova za grejanje u nisko naponskoj ditributivnoj mrezi na

bazi snimanja i analiziranja snage na nisko naponskim izvodima. PredloZena tehnika se moze u nekim sluéajevima koristiti za

otkrivanje neovlad¢ena potro3nja elektriéne energije od strane korisnika.

Pitanja:

1. Da li je predloZzena metodologija testirana u prakticnim eksperimentima, u realnom okruzenju, u cilju otkrivanja neovla$¢ene
potrodnje i kakvi su rezultati postignuti?

2. Od kojih sve faktora zavisi uspesnost predloZzene metodologije (npr. broja kupaca na NN izvodu, tipa (monofazni, trofazni) i
kategorija potro$nje na NN izvodu, itd.) i u kojem okruzenju se oCekuju najbolji rezultati?

3. Koliko bi navedena metotodologija bila efikasna u prisustvu distribuirane proizvodnje (solarni paneli, mikro CHP sistemi i sl.) kao
i ostalih komponenti naprednih mreza (elektriéni automobili, uredaji za akumulisanje energije (enargy storage) kod kupaca na
niskom naponu?

R-5.19 OCENA USA(}LAQENOSTI ELEKTRO OPREME ZA MALE ELEKTRANE
Autori; Mihajlo RISTIC, N. MRAKOVIC, JP EPS-Sektor za QMS i EMS, Beograd, Srbija
Recenzent: dr Zeliko POPQVIC, PD Elektrovojvodina, poslovnica Backa Topola, Srbija

U radu je dat prikaz procedura i propisa za ocenu usagla3enosti odnosno sertifikaciju elektro opreme za male elekirane (generatora,

transformatora snage, transformatora sopstvene potrodnje, niskonaponskog postrojenja, srednjenaponskog postrojenja, upravljanja,

merenja i zastite, elektri¢nih instalacija) i druge opreme koji vaze od 1.janura 2012.godine.

Pitanja:

1. Dali su u okviru navedenih propisa definisani naini provere ispunjenosti svih zahtevalkriterijuma koje treba da ispuni mala
elektrana pre pustanja u pogona a koji su definisani u Tehnickoj preporuci broj 16: Osnovni tehnicki zahtevi za priklju¢enje malih
elektrana na distributivni sistem-JP EPS?

R-5.20 REKONSTRUKCIJA KONDENZACIONE TERMOELEKTRANE 210MW TE TUZLA ZA POTREBE
TOPLIFIKACIJE - OSNOVNE MOGUCNOSTI | EFEKTI

Autori: Adil BASIC, I. DIVKOVIC, H. SALKIC, V.. IVELJIC, JP ELEKTROPRIVREDA BIH d.d. Sarajevo,
Elektrodistribucija Tuzla, Bosha i Hercegovina

Recenzent: dr Zeliko POPOVIC, PD Elektrovojvodina, poslovnica Bagka Topola, Srbija

U ovome radu je prikazano viSe naina za rekonstrukciju kondenzacione parne turbine, koja se koristi za proizvodnju elektri¢ne

energije, za kombinovanu proizvodnju elektri¢ne i toplotne energije. Na primeru rekonstukcije jedne turbine generatorskog bloka od

210 MW je pokazano koliko se pove¢ava stepen efikasnosti bloka.

Pitanja:

1. Koliko je rekonstukcija postoje¢ih kondenzacionih parnih turbina za kombinova proizvodnju elekiriéne energije i toplote
zastupljena u svetu?

2. Kakva su iskustva, po saznanjima autora, u kori§¢enju mikro CHP sistema (u domacinstvima, komercijalnom sektoru) u svetu?

R-5.21 SISTEMI ZA KONTROLU | OPTIMIZACIJU POTROSNJE ELEKTRICNE ENERGIJE - RESENJA ZA
KRAJNJE POTROSACE

Autori: Mirna KOJIC VELJOVIC, M. STEFANOVIC, V. BAJIC, M. NIKOLIC, J. DUNJIC, ,E-Smart Systems* d.0.0,
Beograd, Srbija

Recenzent: dr Zeliko POPOVIC, PD Elektrovojvodina, poslovnica Bagka Topola, Srbija

U ovome radu je predstavljen jedan napredni web portal (www.alphaverda.com) koji treba da omoguc¢i unapredenje energetske

efikasnosti. Osnovni cilj portala je unapredenje energetske efikasnosti krajnjih potrodaa i unapredivanje odnosa relevantih aktera

(proizvodada, veletrgovaca, trgovaca na malo, kupaca, agregatora, distributivnih kompanija) u lancu proizodnje, distribucije i

potrodnje svih vrsta energenata pa i elektriCne energije. Ostvarenje navedenih cilieva se obezbeduje kroz omoguéavanje

sistematskog pracenja i analize podataka o potro$nii, kao i dodatnu motivaciju poredenjem sa trendovima iz okruzenja.

Pitanja:

1. Koliko ovakvi i sli¢ni sistemi obezbeduju zaétitu privatnosti podataka, odnosno koliki su rizici da se na primer podaci o profilima
optere¢enja kod domacinastava mogu zloupotrebiti?

2. Dali ¢e ovakvi sistemi, zasnovanim na cloud platformama i razliéitim servisima, u buducnosti da se koriste umesto sistema za
upravijanje potrodnjom kod kupaca u realnom vremenu (umesto ,energy boxes® u domacinstvima, ,building management
systems” u velikom poslovnim zgradama i sl.)?
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R-5.22 MERENJE ELEKTRIGNIH VELICINA U SN | NN ELEKTRODISTRIBUTIVNOJ MREZI U CILJU EFIKASNOG
PRACENJA OPTERECENJA ELEMENATA MREZE

Autori: Bojan VESIC, D. ALMIND, J. STOJANOVIC, ENEL PS d.0.0. Beograd, Srbija

Recenzent: dr Zeliko POPOVIC, PD Elektrovojvodina, poslovnica Backa Topola, Srbija

U radu je dat prikaz optickog senzora za merenje veli€ine struja u SN i NN mrezema, koji omogucava postizanje nivoa tacnosti od 1-

2% u opsegu od 1-20.000 A. Takode je prikazana i primena ovakvih senzora u jednoj distributivnoj komaniji iz Danske (DONG

Energy) u okviru njihovog sistema za nadzor i upravljanje distributivnom mrezom.

Pitanja:

1. Kolike su cene navedenih senzora u odnosu na druge uredaje za merenje struja u distributivnim mrezama (npr. klasi¢ne strujne
merne transformatore)?

2. U kojim distributivnim kompanija u svetu, pored one pomenute u radu, su primenjeni prikazani senzori, u kom obimu i u okviru
kojih sistema?

R-5.23 VETROTURBINSKI EMULATOR | SCIG KONTROLNI SISTEM KORISTECI PIC16F877 MIKROKONTROLER
Autori: A. @ZINE, FDEE E]ectrica Distributie Transilvania Sud, Romania
Recenzent: dr Zeliko POPQVIC, PD Elektrovojvodina, poslovnica Backa Topola, Srbija

U ovome radu je detaljno prikazan labaratorijski sistem za simulaciju rada vetrogeneratora sa fiksnom brzinom koji koriste kavezni
asinhroni generator. Predlozeni sistem se moZe koristiti za analizu rada (ukljuenja/skljuCenja generatora i kondezatorskih baterija)
vetrogeneratora u stacionarnom rezimu a moze se koristiti i za analizu moguénosti rada vetrogeneratora sa promenljivom brzinom.

Pitanja:
1. Da li je i na koji nacin verifikovana taénost prikazanog simulatora ?
Tema 3
Merni uredaji, obraCun elektri¢ne energije, poslovni informacioni sistemi
Struéni izvestilac: mr Branislav RADOVIC, PD Elektrovojvodina Novi Sad, Srbija
R-5.24 REALIZACIJA KOMUNIKACIONE INFRASTRUKTURE U AMM SISTEMU
Autori: Milan SORMAZ, Natasa VEJNOVIC, ZP “Elektrokrajina” a.d., Banja Luka, Republika Srpska, BiH
Recenzent: SaSa MARCETA, PD Elektrovojvodina, Novi Sad, Srbija

U radu su prikazane razli¢ite komunikacione tehnologije za realizaciju AMM sistema. Date su najbitnije karakteristike svake od

razli¢itih komunikacionih tehnologija koje su obradivane i eventualne specifi¢nosti na koje treba obratiti paznju ukoliko ga takvo

komunikaciono reSenje ima.

Autori su preneli prakti¢no iskustvo u radu sa svakim od ovih reSenja, uporedne brzine razliCitih komunikacionih tehnologija

(o&ekivanih i ostvarenih) kao i procenat uspesnosti o¢itavanja brojila.

Detaljnije je prikazano reSenje sa BPL komunikacionom tehnologijom &iji rezultati daju nadu da ée takva vrsta redenja biti jedan od

temelja izgradnje SmartMeter/SmartGrid reSenja.

Pitanja:

1. Da li je moguce prikazati tabelu/e sa rangiranim prikazanim reSenja po ekonomskim aspektima (cena modema, cena dodatne
opreme, cena usluge koriS¢enja mreze...)?

2. Koliki je odnos vremena odziva kod BPL u komunikaciji sa prvim ¢vorom u mrezi i sa poslednjim ¢vorom u mrezi (ED Prijedor —
TS Elektriéni, ED Prijedor — Betonjerka)?

3. Dalije spomenutih 7500 brojla u jedinstvenom AMM sistemu, tj. da li se upravljanje i o¢itavanje svih brojila ostvaruje pomoéu
jednog softvera?

R-5.25 PRIMENA NAJSAVREMENIJIH TEHNOLOGIJA ZASTITE PODATAKA U DISTRIBUIRANIM AMR
SISTEMIMA

Autori: M. STEFANOVIC, V. PEJOVIC, V. BAJIC, M. KOJIC VELjOVIC, E-Smart Systems, Beograd, Srbija

Recenzent. Boris HOLIK, PD Elektrovojvodina, Novi Sad, Srbija

U radu je opisana problematika zastite prenosa podataka unutar komponenti distribuiranog AMR sistema, odnosno izmedu razli¢itih
vrsta korisnika i samog AMR sistema.
Opisani mehanizmi i tehnologija su iskori$¢eni u projektu SESAME-S, u Cijem okviru je pristup korisnika AMR sistemu realizovan MS
Windows Azure “cloud” platformom. Shodno tome su u radu prikazani mehanizmi zatite podataka ugradeni u MS Windows Azure.
Opisana je i procedura zastite podataka u prenosu sa svojevrsnih koncentratora do AMR centra, sa posebnim naglaskom na
mehanizam zastite komunikacije | integriteta podataka.
Pitanja:
1. U radu je opisana procedura kojom se primaocu poruke 3alje asimetri¢no kodovani simetri¢ni klju¢. Koja je prednost navedene
metode od metode koja bi se oslanjala samo na asimetri¢no kodovanje?

2. Dalli postoji opasnost od presretanja poslatog simetriénog klju¢a?
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R-5.26 ANALIZA HW/SW PLATFORME ZA POTREBE SISTEMA ZA UPRAVLJANJE PODACIMA O POTROSNJI |
SKLADISTENJE PODATAKA ( MDM/R)

Autori: A. MIHAJLOV, M. NIKOLIC, Institut ,Mihajlo Pupin — Automatika®, Srbija
D. VUKOTIC, PD ,Elektodistribucija Beograd®, d.o.0, Srbija

Recenzent: Sasa MARCETA, PD Elektrovojvodina, Novi Sad, Srbija

U radu je prikazano jedno od reSenja za realizaciju MDM/R sistema. Razmatrana je upotreba MySQL Cluster platforme za realizaciju
sisteama za prihvat i obradu velike koli¢ine podataka koji stuzu sa AMI/AMM sistema. Prikazana je i hardverska arhitektura koja
treba da podrzi MySQL Cluster i obezbedi performanse sistema.

Dati su okvirni primeri proracuna koli¢ine podataka kao i vremena odziva takvog sistema u zavisnosti od broja oéitavanja i tipa

oitavanja brojila.

Pitanja:

1. Dali se u proracunu koli¢ine podataka za “meter_read_tbl" vodlilo o racunu da sa brojila dolaze nekoliko tipova podataka (osim
energija tu su i profili snage, dnevnici dogadaja, statusi, billing podaci itd.). Da li je uopste moguce to sve smestati u jednu
tabelu?

2. Dalineko od proizvodata MDM sistema koristi MySQL Cluster kao platformu za svoje reSenje?

3. Dali postoje neki drugi sistemi (nevezano za MDM) koji koriste MySQL Cluster kao platformu za svoje reSenje?

R-5.27 KOMUNIKACIONI PROTOKOL IZMEBU AMM CENTRA | KONCENTRATORA PODATAKA KAO
PODRSKA INTEROPERABILNOSTI CELOKUPNOG SISTEMA

Autori: M. STEFANOVIC, V. PEJOVIC, M. VUCETIC, E-Smart Systems, Beograd, Srbija

Recenzent: Boris HOLIK, PD Elektrovojvodina, Novi Sad, Srbija

U radu je data skica moguéeg komunikacionog protokola izmedu AMM centra i koncentratora, kojim se definiSe nacin razmene

informacija i komandi izmedu ova dva nivoa AMM sistema.

Autori su pravilno prepoznali potrebu da se protokol definiSe na nain da omoguéi buduca proSirenja i nadogradnje, pri tom

zadrZzavajuci postojecu sintaksu.

Koriste¢i danas Siroko rasprostranjenu XML strukturu, autori omoguéavaju lako povezivanije sa ostalim AMM sistemima.

Pitanja:

1. Prilikom utvrdivanja razlika izmedu konfiguracije koncentratora na terenu i memorisane konfiguracije u bazi podataka AMM
Centra, da li je predvidena opcija aZuriranja memorisane konfiguracije u skladu sa promenama na terenu?

2. Naslici 2 je prikazan algoritam izvr8avanja operacionog skripta. Da li postoji mehanizam koji spre¢ava sistem da prilikom
izvr8avanja atomi¢nih funkcija zapadne u beskonaénu petlju?

R-5.28 ZAKONSKI RELEVANTAN SOFTVER U BROJILU AKTIVNE ELEKTRICNE ENERGIJE
Autori: D. HORVAT, T. CINCAR-VUJOVIC, Direkcija za mere i dragocene metale, Beograd, Srbija
Recenzent: Slobodan KUJOVIC, JP Elektroprivreda Srbije, Beograd, Srbija

Zbog osiguranja praviéne razmene elektriéne energije izmedu svih zainteresovanih strana, neophodno je osigurati adekvatan nivo
zastite funkcionalnih parametara brojila, mernih podataka koji se skladiste u brojilu i daljinskog prenosa mernih podataka.

U skladu sa teznjama Direkcije za mere i dragocene metale, kao nacionalne metrolo$ke institucije Republike Srbije, da se ukljuci u
medunarodna, a posebno evropska pravila, nacionalno zakonodavstvo uskladjuje se sa zahtevima za brojila elektriéne energije koji
su definisani evropskim direktivama i preporukama.

U ovom radu su prikazani zahtevi za zakonski relevantan softver u brojilu aktivne elektriCne energije. Za softverski upravljana brojila
aktivne elektriéne energije definisani su tipovi, klase rizika i ispitivanje softvera. Data je klasifikacija zakonskih parametara i predlog
dodatnih funkcija brojila aktivne elektricne energije koje treba da budu zasticene Zigom.

Za indentifikovanje tipa brojila elektriéne energije neophodne su i informacie o softveru, koje se u postupku ocenjivanja
usagladenosti proveravaju zajedno sa metrolodkim karakteristikama brojila. Zakonski relevantan softver mora biti zastiéen od
Zloupotreba, na nadin koji iskljuuje moguénost rizika za prevaru.

Pitanja:

1. Dalije dozvoljeno vrsiti update brojila na mernom mestu?

2. Sta se podrazumeva pod update? Promene kojih delova softvera je dozvoljeno update-ovati?

3. Koji su moguci rizici, mogu¢e mahinacije, na metroloski zakonskom, relevantnom, softveru?

4. Koliko klasa rizika postoji? Da li su brojila uvek klase rizika "C” i ko odreduije klasu rizika merila?

5. Dalise validacija softvera vrsi u Republici Srbiji?

R-5.29 ISPITIVANJE OSPOSOBLJENOSTI
Autori: T. CINCAR-VUJOVIC, D. HORVAT, Direkcija za mere i dragocene metale, Srbija
Recenzent: Slobodan KUJOVIC, JP Elektroprivreda Srbije, Beograd, Srbija

U radu je prikazan predlog realizacija domacih medulaboratorijskih poredenja akreditovanih laboratorija iz oblasti ispitivanja brojila
elektriéne energije koje ¢e, na zahtev akreditovanih laboratorija pokrenuti nacionalna metrolodka instituciji u Srbiji, Direkcija za mere i
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dragocene metale. Cilj PT Sema je obezbedenje uslova za potvrdivanje mernih mogucnosti ispitivanja/etaloniranja akreditovanih
laboratorija uéesnica i proveru tehnitke kompetentnosti resursa laboratorije prema standardu SRPS/ISO 17025. Direkcija za mere i
dragocene metale, odnosno njene laboratorije, na osnovu dugogodiSnjeg iskustva u kljuénim, dopunskim i drugim
medulaboratorijskim poredenjima u okviru EVRAMET regionalne organizacije, kao i na osnovu iskustava na u¢eS¢u u PT Semama
organizovanim u sklopu projekata CARDS i IPA, ima znacajnu ulogu u dizajniranju PT $ema, obezbedijivanju artefakta poredenja i u
definisanju dogovorene referentne vrednosti u izvestajima PT Sema.

Pitanja:

1. Dalisu PT Seme obavezne po standardu SRPS ISO/IEC 170207

2. Naosnovu kog kriterijuma se bira dizajn PT $eme?

3. Ko je zaduzen za definisanje protokola i na osnovu kojih kriterijuma se vrsi izbor mernih tacaka?

4. Koje su obaveze i zaduzenja laboratorija u¢esnica PT Seme?

5. Koji je benefit uéeSca u PT Semama?

R-5.30 ANALIZA RADA SLUZBE KONTROLE MERENJA SA OSVRTOM NA KRITICNE TACKE PROCESA |
PREDLOGOM PROGRAMSKE PODRSKE ZA RAD SLUZBE

Autor: Zoran CURAKOVIC, PD Elektrovojvodina d.0.0. Novi Sad, Elektrodistribucija Zrenjanin, Srbija

Recenzent: mr Branislav RADOVIC, PD Elektrovojvodina, Novi Sad, Srbija

U radu je datljno analiziran rad sluzbe kontrole mernog mesta za celu 2011 godinu u ogranku Zrenjanin. Detaljni je naveden obim

posla i posebno su navedeni rezultati rada sluzbe za svaki od sledeée vrste poslova: kontrola mernog mesta, obustava isporuke

elektriCne enrgije zbog duga, kontrola kupaca kojima je izvrSena obustava isporuke zbog duga, ponovno prikljucenje kupca nakon

obustave zbog duga, zamena neispravnih brojila, zamena uklopnih satova, zamena mernih transformatora i o€itavanje mernih

uredaja. lzvrSena je analiza rada nacina realizacije otkrivenog neovla$¢enog koris¢enja elktri€ne enrgije.

Takode je prezentovana analiza rada i realizacija poslova za 9 elektromontera.

Autor je naveo kriticne tacke u toku rada sluZbe za kontrolu merenja koje je podelio u dve grupa: na opste i na specifiéne za

neposredan rad na terenu.

IzloZen je konceptualni predlog potrebne programske podrske za rad sluzbe kontrole.

U radu su prezentovani brojni podaci o radu, rezultatima rada i utvrdenom stanju na terenu. Navedeni su konkretni problemi koji

oteZavaju rad sluZbe kontrola po pojedinim vrstama poslova i predloZeni nacini za njihovo prevazilaZenje.

Pitanja:

1. Dali se sistematski i kako kontroliSe da li je elktromonter uneo sve predvidene podatke u izvestaju (zapisniku) o aktivnostima na
mernom mestu? Kako se postupa sa elktromenterima koji ne unose predvidene podatke?

2. Da li se sistematski vrSi provera navoda elektromontera o izvrSenoj uplati na izveStaju o obustavi koja zbog toga nije
realizovana?

3. Kakva je praksa, u smislu da li se obustava isporuke vrSi na istom mestu kao kod prethodne obustave kada se prilikom kontrole
utvrdi da se kupac nakon obustave zbog duga samovlasno ponovio priklju¢io?

4. Na koji nacin povecati efikasnost obustav isporuke zbog duga s obzirom na relativno ogroman procenat sluéajeva da se kupac
samovlasno prikljugio?

5. Da li se formiraju posebni timovi od predstavnika trgovine, pravne sluzbe i eksploatacije koji utvrduju dalje postupanje sa
pojedinim najslozZenijim slu¢ajevima koji su utuzeni a samovlasno se prikljucuju, nedozvoljavaju obistavu i sI.?

R-5.31 UTICAJ DOSLEDNE PRIMENE UREDBE O ISPORUCI ELEKTRICNE ENERGIJE NA NIVO NAPLATE
OBRACUNA NEOVLASCENOG KORISCENJA ELEKTRICNE ENERGIJE U ED SOMBOR
Autori: N. STANKOVIC, PD Elektrovojvodina d.o0.0. Novi Sad, Srbija
Z. SIMENDIC, M. VUKAS ,PD Elektrovojvodina d.0.0. Novi Sad , Elektrodistribucija Sombor, Srbija
Recenzent: Milomir BELCEVIC, PD Elektrosrbija Kraljevo, Srbija

U radu su prikazana iskustava ED Sombor (PD Elektrovojvodina) pre i posle potpune primene odredbi Uredbe o isporuci elektriéne

energije u delu koji se odnosi na neovlad¢eno koriS¢enje elektrine energije na konzumnom podruéju ovog dela Elektrovojvodine.

Pored toga dat je predlog da treba usaglasiti, na nivou EPS-a nacin postupanja prilikom neovlaS¢ene potrosnje, a na osnovu

dosadasnijih postignutih iskustavava u striktnoj primeni zakona i Uredbe o isporici elektricne energije.

Pitanja:

1. Da li je povecan broj otkrivenih kradja rezultat poveéanog broja kontrola ili poveéanja broja onih koji neovladéeno koriste
elektriénu energiju?

2. Kakva su iskustva i kakvo je mislienje autora u vezi primene ¢lana 40 stav 1 tacka 4 Uredbe o uslovima isporuke elektricne
energije (koriS¢enje elektriéne energije preko mernog uredaja na kome je kupac ostetio plombe isporucioca odnosno ovladéene
organizacije)?

3. Koje su razlike u primeni Uredbe o isporuci elektricne energije u delu neovlaS¢enog preuzimanja elektriéne energije na podrucju
PD Elektrovojvodina d.0.0. Novi Sad?
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R-5.32 PRAKTICNA ISKUSTVA U OTKRIVANJU | SPRECAVANJU NEOVLASCENOG KORISCENJA
ELEKTRICNE ENERGIJE o

Autori: B. RATKOVIC, D. TUNGUZ, D. COMIC, PD Elektrovojvodina d.0.0. Novi Sad, Elektrodistribucija Novi Sad,
Srbija

Recenzent: Milomir BELCEVIC, PD Elektrosrbija Kraljevo, Srbija

U radu je prikazan model koji se primenjuje u PD ,Elektrovojvodina" doo, "Elektrodistribucija Novi Sad" u cilju otkrivanja i
spreCavanja neovladéenog koriSCenja elekiricne energije. U prvom delu rada opisane su sve potrebne aktivnosti na stvaranju
preduslova za efikasniji rad zaposlenih zaduZenih za otkrivanje i utvrdivanje neovlaS¢ene potrodnje, odnosno krade el. energije, kao i
aktivnosti na planiranju, pripremi, realizaciji i kontroli rada na otkrivanju i utvrdivanju neovla$¢ene potro3nje.

U drugom delu dati su uporedni rezultati pre i posle primene novog modela koji ukazuju da je novi nacin rada daleko efikasniji.
Pitanja:

1. Dalije stimulacija za otkrivanje krada primenjivana i kakvi su rezultati?

2. Staje, po midlienju autora, uticalo na poveéanje naplate obratunate neovlaéene potro$nje?

R-5.33 NOVE SOFISTICIRANE METODE KRADE IgLKTRICNE ENRGIJE NA ELEKTRONSKIM BROJILIMA -
UPOTREBA ELEKTROMAGNETA “VARNICARA”

Autori: S. DAMJANQVIC, A. NIKOLIC, L. NAD-TORMA, PD Elektrovojvodina d.o.0. Novi Sad, Elektrodistribucija Novi
Sad, Srbija

Recenzent: mr Branislav RADOVIC, PD Elektrovojvodina, Novi Sad, Srbija

U radu su opisana tri tipa uredaja (,varnicara“), koji elkromagnetnim uticajem trajno ili privremeno onemogucavaju ispravan rad

elektrosnkih brojila. Dato je upro$¢eno objasnjenje nacina rada svakog tipa varni¢ara. Navedene su praktiéne preporuke kako se u

procesu kontrole mernog mesta moze otkriti neovlaS¢ena potrodnja koriS¢enjem pojedinih tipova ,varni¢ara“. U zakljucku je naveden

predlog moguceg nacina onemogucavanja delovanja varni¢ara na elektronska brojila.

Pitanja:

1. Koliko slu&ajeva i u kom vremenskom periodu je otkriveno delovanje pojedinih tipova ,varniCara“ na brojila?

2. Daliseikako moZe utvrditi kada je trajan kvar procesora ( ,pregorevanje”) izazvan varni¢arem?

3. Kakva su prakti¢na iskustva i koje su preporuke autora vezana za obracun neovla$¢ene potrodnje u slu¢ajevima kada se ima
jaka sumnja da je postojalo delovanje varni¢ara na brojilo?

R-5.34 INFRASTRUKTURA ZA INTEGRACIJU APLIKACIJA BAZIRANA NA ENTERPRISE SERVICE BUS
ARHITEKTURI U ED JUGOISTOK , ,
Autori Sanja BOGDANOVIC DINIC, N. DAVIDOVIC, A. STANIMIROVIC, L. STOIMENOV, Univerzitet u Nisu,

Elektronski fakultet u NiSu, Srbija
Sasa TOSIC, ED Jugoistok Nis, Srbija
Recenzent mr Darko MEDEDOVIC, dipl. ing. PD Elektrovojvodina, Novi Sad, Srbija

U radu je predloZena integracija aplikacija zasnovana na Enterprise Service Bus (ESB) arhitekturi. Na primeru PD Jugoistok je
analiziran nacin razmene podataka izmedu velikog broja distribuiranih i heterogenih izvora i objaSnjena potreba za integracijom
aplikacija. Ukazano je na prednosti ESB arhitekture u odnosu na point -to-point i hub integracije. Postoje¢i IS su pri analizama
podeljeni na real-time, back office i front office sisteme i predloZzene su odgovarajuée tehnologije srednjeg sloja za komunikaciju sa i
unutar ESB sabirnice.

Pitanja:

1. Kaoji bi redosled aktivnosti potreban za implementaciju integracije aplikacija zasnovane na ESB arhitekturi u PD Jugoistok?

2. Koji vremenski okvir je potreban za implementaciju integracije sistema u PD Jugoistok?
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EC 5 Report
Expert committee 5
DEREGULATION, OPEN MARKET AND UTILIZATION OF ELECTRICITY

Session Chairman: Nenad KATIC PhD
Faculty of Technical Sciences, Novi Sad

After reviewing of papers, by reviewers and referees, 34 paper have been accepted. To improve efficiency of sessions and with
grouping of preferential subjects from Call for papers, grouping of papers has been made in three subjects:

Subject 1 — Restructuring, Deregulation and electricity market

The referee is Nenad Katic PhD from Faculty of Technical Sciences, Novi Sad. In this group, 13 papers were accepted considering
preferential subjects:

o  Experience with de-regulation, unbundling and outsourcing in electricity sector in the region.

e Pricing principles for electricity distribution services, price tariffs for tariff customers.

Subject 2 — Efficient use of electrical energy

The referee is Zeljko Popovic M.Sc., from Power Distribution Company Elektrovojvodina. In this group, 10 papers were accepted
considering preferential subjects:

o Distributed Generation — network access, protection and control — experiences, standards, regulation,

e Energy efficiency, Load Management and Demand Side Management.

Subject 3 — Metering, Business information Systems
The referee is Branislav Radovic M.Sc., from Power Distribution Company Elektrovojvodina Novi Sad. In this group, 11 papers were
accepted considering preferential subjects:
o  Metering devices, billing systems and customer services.
e Automatic Meter Infrastructure (AMI) solutions, communication requirements, experiences,
In writing of these reports, referees are very grateful and thankful to help and remarks from reviewers of papers.

REPORT OF REFEREES

Subject 1
Restructuring, deregulation and electricity market

Referee — Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

R-5.01 CONSESSION CONSTRUCTION POLICY AND REGULATION FOR CONNECTION OF SMALL
HYDROPLANTS ON DISTRIBUTION NETWORK IN BOSNIA AND HERZEGOVINA

Authors: M. HASANIC, Faruk HIDIC, Vedad BECIROVIC
Concession Committee of MH Federation, Sarajevo, Bosnia and Herzegovina

Reviewer: Dragoslav JOVANOVIC, PhD, Elektrovojvodina, Novi Sad, Serbia

In certain parts, paper is written in details, while in others it gives guidelines for further information. However, it raises number of
questions regarding participation of small hydro plants in voltage regulation and integration in distribution network, giving basis for
further research in this area.

Paper does not contain elements of scientific contribution; nevertheless, it provides great information on current condition of this
issue in BiH, being a significant guideline in this area for other electric power industries.

Questions:
1. What are most common obstacles for obtaining an approval for connecting on the network?
2. What are advantages of standard approach to planning of small hydro plants construction, from the operator’s and producer’s

point of view?
R-5.02 RENEWABLE ENERGY SOUCES IN THE CZECH REPUBLIC - IMPACT ON TECHNICAL AND
ECONOMIC ISSUES .
Author: Frantisek VYBIRALIK, EEConsulting, CeSka Republika
Reviewer: Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

The purchase price of electricity from photovoltaic power stations was the highest in Europe and investors from many countries of
Europe were building these stations. By the end of 2011 photovoltaic power plants with installed capacity 2100 MW and wind power
plants with installing capacity 220 MW have been connected to all voltage levels of the distribution system. The technical and
economic impacts of the development of photovoltaic power plants are specified in this article.

Questions:
1. What is actual percentage of photovoltaic and wind power plants in total electrical energy production of Czech Republic?
2. Why the power limit was set on 1695 MW, and how is incentive price applied if this limit is crossed?
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3. What is the strategy for connection of additional photovoltaic plants?

R-5.03 REVIEW AND PERSPECTIVES OF WIND POWER MARKET IN EUROPIEN UNION AND SERBIA

Authors: Nenad KATIC, V. KATIC, B. DUMNIC, D. MILICEVIC, Z. CORBA, Faculty of Technical Sciences, Novi Sad,
Serbia

Reviewer: Dusko BEKUT, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

This paper deals with generation of electrical energy from the wind power in European Union and Serbia. It gives review of
development and condition of this market in EU. Wind power starting to be of great interest after closing of number of nuclear power
plants in entire world. Paper also provides review of research of energetic potentials of wind power in Serbia, especially in south-
eastern Vojvodina, where great potentials for developing power plants can be found regarding accessibility, capacity, traffic
infrastructure and environmental conditions. It is probable that building wind parks would decrease wind erosion, which is expressed
in this area. The paper lists locations in Serbia where building of first wind power plants could be expected soon.

Questions:

1. Do authors have evaluation of cost of installing 1W of power in wind power plants in Serbia?

2. Inthe paper, it is mentioned power of 2MW per wind generator unit, with which initial calculations have been done. Is this
optimal power for the area of south-eastern Vojvodina?

3. Do authors have estimation of when the first wind park construction in Serbia could be expected? Moreover, how soon can
actual realization of such park be expected in, for example, Plandiste?

R-5.04 USING SOLAR ENERGY FOR GENERATION OF ELECTRICAL ENERGY
Authors: Predrag LALIC, Z. ZIVCEVIC, “Elektrodistribucija KruSevac”, KruSevac, Serbia
Reviewer: Imre LENDAK, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

This paper describes a simple example of a small photovoltaic generation facility.
Similar solar generation projects were done in various parts of Serbia.

Questions:

1. How did the discussed solar power plant lower CO2 emissions by 7,39 t?
2. How does this project differ from other similar projects in Serbia?

3. How did the authors choose the location of the solar panels?

R-5.05 RENEWABLE ENERGY SOURCES IN CONTEXT OF ENERGY UNION OF SOUTH-EASTERN EUROPE -
REVIEW OF ELECTRIC POWER INDUSTRY OF REPUBLIC OF SRPSKA

Authors: Kovilika K. MARKOV, D. MURATOVIC, N. TESANOVIC, Electricity Industry of Republic of Srpska, Banja Luka,
Bosnia and Herzegovina

Reviewer: Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

In this informative paper, authors describe strategy of European Union and member states of Energy Union regarding increasing of
contribution of green energy. Special review is given on regulation and practise of Republic of Srpska.

Questions:

1. What is the current situation with incentives for constructing power plants that use green energy in Republic of Srpska?
2. What is the current level of power plants using green energy in Republic of Srpska?

3. What are feeding tariffs and is the construction of renewable energy sources power plants accelerating?

R-5.06 REVIEW OF DEREGULATION, RESTRUCTUIRING AND PRIVATIZATION PROCCESS OF ELECTRIC
POWER INDUTRIES IN STATES OF SOUTH EASTERN EUROPE

Authors: Aleksandra TAUSAN, Elektrobijeljina, Bijeljina, Republic of Srpska, BiH,
N. KATIC, Faculty of Technical Sciences, Novi Sad, Serbia

Reviewer: Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

Deregulation and restructuring process of power sector implemented past few decades, with an aim of opening of electrical energy
market, have led to vast changes in organization and functioning of vertically integrated electric power industries. In this paper, a
review of implementation of Energy Union Agreement is presented, including 5 member states that have signed this contract: Serbia,
Bosnia and Herzegovina, Croatia, Montenegro and Macedonia.

Questions:

1. What are suggestions from European Union regarding models of electrical energy market?

2. When could be expected opening of electrical energy market in southeastern Europe?

3. Could be expected common electrical energy market of south-eastern Europe states? Or each country form its own market?
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R-5.07 EXPERIENCE WITH PROCESS OF UNBUNDLING IN SLOVENIAN ELECTRIC DISTRIBUTION
COMPANIES AND IMPACT ON INFORMATION SYSTEM

Authors: Franci KLAUZNER, J. PIRC, Informatika d.d, Maribor, Slovenia

Reviewer: PhD Aleksandar ERDELJAN, Faculty of Technical Sciences, Novi Sad, Serbia

The paper describes the process of transformation of electric distribution companies of Slovenia and its impact on IT solutions, which
makes it original and unique. Authors describe their unique experience and highlight complexities of IT solutions transformation
process mainly from global business perspective. They talked about ancient solutions and necessity of modernization and
introducing new Billing system based on SOA concepts and Web access. The paper has a small contribution to scientific theory, but
provides information relevant to the broader professional audience.

Questions:

1. What is the impact of market liberalization on IT in other similar countries?

2. Apart from the billing system, what changes are expected in other IT solutions?

3. Is the solution based on usage of international standards? The paper mentions that ebIX recommendations were accepted, the
extent to which they applied and whether it considered the use of standards such as IEC 61 970 and IEC 61 968?

R-5.08 SMART GRIDS CONCEPT IN ELECTRICAL DISTRIBUTION SYSTEM
Authors: Zeljko POPOVIC, B. RADMILOVIC, V. GACIC, “Elektrodistribucija SUBOTICA", Subotica, Serbia
Reviewer: Goran SVENDA, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

The paper gives one point of view of implementation of smart grid concept in electrical distribution systems. In the first part, using
world literature authors have defined key processes and elements of smart grid concepts in distribution systems. After that, activities
on this regard implemented in Elektrovojvodina have been shown and general steps with aim of implementation of smart grid
concept in distribution systems have been defined. As such, this paper is very interesting for wide professional audience, above all
for distribution companies.

Questions:

1. How and with what priorities (hierarchy) are main elements of smart grid concept shown in the picture 1 connected? Is
realization of main element from one level determined by realization of all or just some main elements from previous level(s)?

2. Has Elektrovojvodina performed “cost/benefit” analysis of implementation of smart grid concept in its area? In other words, can
authors point out most important interest of smart grid concept for JP Elektrovojvodina?

R-5.09 MANAGEMENT OF COSTUMER CARE (CRM) IN THE ENVIORMENT OF SEPARATED BUSINESS
ACTIVITIES OF DISTRIBUTION SYSTEM OPERATORS AND TRADERS

Author: Spela URH POPOVIC, S. KOLUNDZIJA, Noema cooperating d.o.o., Slovenija

Reviewer: Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

This paper is about managing costumer care in the environment of separated business activities of distribution operators and
traders. Existing processes developed in common electric distribution company have to be divided correspondingly to distributor’s
processes and suppliers. For this purpose corresponding data exchange between this two subject should be undertaken,
transparently and equally for all electrical energy suppliers.

Questions:

1. Has separating of business activities of electrical energy distribution and supplying ever been done in Slovenia and what are the
experiences on this issue?

2. AreIT systems separated between distributer operator and supplier?

3. Are distribution companies in consent with developing existing IT systems or are they looking for new solutions?

R-5.10 RELATIONS BETWEEN COSTUMERS, SUPPLIERS AND OPERATORS OF DISTRIBUTION SYSTEM
REGARDING NEW ENERGY LAW

Authors: Zoran CURAKOVIC, ,Elektrodistribucija Zrenjanin“, Zrenjanin, Serbia
J. BORUS, ,Elektrodistribucija Sombor*, Sombor, Serbia

Reviewer: Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

The paper gives basic information on future relations between customers, suppliers and operators of distribution system regarding
new Energy Law. Paper exhaustively lists key definitions from new law, as well as expected groups of activities in future relations
between customers, suppliers and operators of distribution system, though without getting into details of this activities. Authors have
distanced themselves stating that listed activities are presented in light of provisions of law in the moment when the paper was
written, however that certain changes are possible upon enactment of by-laws by state government.

Questions:

1. In the groups of activities of relations between operators of distribution system and final costumers, issuing invoices for using
distribution network is not listed, which is to be the main income source in future environment; how do authors expect income
from using distribution network?
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2. Related to previous question, will concluding the contract of using the system perform final costumers or suppliers in their name
with distribution system operator?

3. Current distribution companies should separate distribution business activities and operating of distribution system from public
supply, how do authors expect its realization in EPS?

R-5.11 LOAD ANALYSIS OF COSTUMERS IN REPUBLIC OF SRPSKA

Authors: Dalibor MURATOVIC, J. LAZETIC, I. DERIKUCKA, Electricity Industry of Republic of Srpska, Banja Luka,
Bosnia and Herzegovina

Reviewer: M.Sc Aleksandra TAUSAN , “Elektrodsitribucija Bijeljina”, Bosnia and Herzegovina

Results analysis of measurement of load profile from different costumer groups- 10 and 0.4 kV, which are based on measurements
from electric meter with remote reading, as well as peak power per costumer of this groups are shown in the paper. Analysis are
systematic and good basis for further analysis of load profile of costumers.

Questions:

1. s the design of network tariffs the main reason for such analysis and on which way do you plan on using obtained data for
design of network tariffs?

2. Onwhich criteria is the choice of transformation unit area on which is AMM system installed made?

3. It is stated that costumers with two-tariff measurement did not react on half-price electrical energy during lower daily tariff
stimulus. What would your suggestion be: increasing ration of prices of higher and lower daily tariff or equalizing lower and
higher tariff? Could another suggestion for change of daily tariff be recognized?

4. Do you plan on continuing with this activity, especially in the part regarding increasing of the source for ‘other costumers’
category costumers?

R-5.12 INGENEERING MODEL FOR EVALUATION OF EFFICIENCY OF DISTRIBUTION COMPANIES
Authors: Aca VUCKOVIC, N. DESPOTOVIC, Energy Agency of Republic of Serbia, Belograde, Serbia
Reviewer: Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

This paper presents “engineering model” used to evaluate efficiency of Distribution Company. Model considers existing electric
distribution company and optimizes expenses according to such network, it does not optimize distribution network itself. Virtual
company is formed for each company for distribution of electrical energy. After that, efficiency of each company’s business is
determined by comparing it with corresponding virtual company. Paper gives short description of applied model, review of necessary
data, obtained results for electric companies in Serbia and, finally, conclusion stating to what extent is model applicable.

Questions:

1. Results of applying EPSOEM model on operating of electric distribution companies in Serbia in year 2009 show relative lack of
efficiency, is model going to be applied every year?

2. s Agency preparing incentive models for calculation of tariff for using network in order to improve efficiency of operation?

3. In which regulative period will such models be applied?

R-5.13 MODELS FOR SEPARATING TRANSMISSION SYSTEM OPERATORS ACCORDING TO lil PACKAGE OF
EU REGULATIONS FOR ELECTRICAL ENERGY MARKET

Authors: Maja ADAMOVIC, ,EMS’, operation unit Novi Sad, Serbia
N. KATIC, Faculty of Technical Sciences, Novi Sad, Serbia

Reviewer: Nenad KATIC, PhD, Faculty of Technical Sciences, Novi Sad, Serbia

With review of Regulations for legal and functional separating of transmission system operators, based on EU Directive 2003, paper
discuss EU Directive 2009 and innovations it brings in this field in order to improve its efficiency. Details and expectations of new
regulations have been presented in a systematic way, within three models: Ownership model, Independent System Operator (ISO)
and Transmission System Operator (TSO).

Questions:

1. What are, according to the authors, experiences in applying of the new regulation in European Union, and what are experiences
in Serbia so far?

2. In what way do you expect long-term changes after applying new regulations in Serbia?
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Subject 2
Efficient use of electrical energy
Refere: Zeliko POPOVIC, PhD, Power Distribution Company Elektrovojvodina, Office Backa Topola, Serbia

R-5.14 CALCULATION OF POSSIBILITIES AND IMPACT OF CONNECTING SMALL HYDRO POWER PLANT
PAKLENICA ON DISTRIBUTION NETWORK
Authors: S. DEKIC, D. SAVIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH

M. ZELJKOVIC, MH "ERS’” Trebinje, Republika Srpska, BiH,
G. RADIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH

R-5.15 IMPACT OF CONNECTING A SMALL HYDRO POWER PLANT PAKLENICA TO MEDIUM VOLTAGE
DITRIBUTION NETWORK AND CONSUPTION
Authors: S. DEKIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH

D. MURATOVIC, MH "ERS” Trebinje, Republika Srpska, BiH
G. RADIC, D. SAVIC, ZP "Elektro Doboj” a.d. Doboj, Republika Srpska, BiH
Reviewer: Zeliko POPOVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

These paper review impact of connecting a small hydro power plant Paklenica, with designed power of 232 kW and estimated
annual generation of 1GWh, on medium voltage network and belonging consumption. First paper considers calculations, performed
by corresponding software package, related to the state of distribution network before and after connecting MHE, and possibilities of
connecting stated MHE on distribution network. The other paper gives review of measured values (current, voltage, power), after
putting MHE into operation, in the part of the network where it has influence.

Questions:

1. Could you describe the difference between state of the part of considered distribution network obtained by the calculations,
shown in the paper “Calculation of possibilities and impact of connecting small hydro power plant Paklenica on distribution
network” and the state determined on the basis of values measured in this paper?

2. Could used calculations be applied in all case of approving of small power plants connection.

3. Have analysis been performed, and what are obtained results, regarding maximal level of penetration of MHE (or other
types/combinations of renewable sources) in distribution network of Republic of Srpska?

4. What are, according to authors information, experiences in operation of distribution networks with higher level of penetration
(e.g. 10% or 15%) of small power plants in distribution network?

R-5.16 MODERN WIND TURBINE TECHNOLOGIES

Authors: Vladimir KATIC, B. DUMNIC, D. MILICEVIC, S. GRABIC, Z.CORBA, N. KATIC, Faculty of Technical Sciences
Novi Sad, Novi Sad, Serbia

Reviewer: Zeljko POPQVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

This paper lists different wind turbine configurations. Technologies with asynchronous and synchronous generators are shown, with
or without speed multiplication, and separately are presented existing solutions of wind turbines with variable speed. Also, possible
problems of connecting a wind turbine in electric network are pointed out.

Questions:

1. What is the maximal level of usage (penetration) of wind turbine and what technology is, according to the authors information,
attained in the medium voltage networks of the world?

2. How, according to the author, can realization of the Smart Grid concept and all components that are consisted in this concept
(e.g. energy storage, demand response), impact on increasing the level of use of wind turbines and other renewable energy
sources in distribution networks?

R-5.17 SAVING ENERGY WITH ENERGY EFFICIENT LED LIGHT BULBS AND LED LIGHTNING OF ELECTRIC
DISTRIBUTION NETWORK OBJECTS

Authors: Milko ZORBOSKI, A. JANJIC, N. FLORANOVIC, IRC ,Alfatec’ Nis, Serbia

Reviewer: Zeliko POPQVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

This paper present possibility of saving electrical energy in lightning by using LED modular light bulbs. It also shows other
advantages that LED bulbs have in respect to other bulbs.

Questions:

1. What will be the total expense (expense of electrical energy + bulbs) for different type of bulbs (that have been mentioned in the
paper) for the period of for example 10 years with average daily use of 6 hours?

2. What is estimated presence (in per cent) of LED bulbs in the world regarding different aspects of consumption (households,
commercial sector, industry, public lightning)?
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R-5.18 DETECTION OF PRESENCE OF HEATING BOILERS IN LV NETWORK BASED ON POWER
MEASUREMENT

Authors: Milog D. MILOSEVIC, A. JANJIC, M. M. MILOSEVIC, Z. RADONIC, IRC ,Alfatec” Nis, Serbia

Reviewer: Zeljko POPQVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

This paper reviews fuzzy logic in detection of presence of heating boilers in low voltage distribution network based on recording and
analysing power in low voltage feeder. Suggested technic could in some cases be used for detecting unauthorised consumption of
electric energy.

Questions:

1. Was suggested methodology tested in practical experiments, in real environment, with an aim of detecting unauthorised
consumption and what are obtained results?

2. From which factors does success of suggested methodology depend (e.g. number of costumers on LV feeder, type (single
phase, three phase) and category of LV feeder consumption, etc.) and in which environment could the best results be
expected?

3. How efficient would stated methodology be in the presence of distribution generation (solar panels, micro CHP systems, efc.) as
well as other components of advanced networks (electrical cars, devices for energy storage) with LV consumers?

R-5.19 EVALUATION OF COMPLIANCE OF ELECTRICAL EQUIPMENT FOR SMALL POWER PLANTS
Authors: Mihajlo RISTIC, N. MRAKOVIC, EPS, QMS/EMS Department, Belgrade, Serbia
Reviewer: Zeliko POPOVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

This paper presents procedures and regulations for evaluation of compliance i.e. certification of electric equipment for small power
plants (generators, power transformers, own consumption transformers, low voltage facility, medium voltage facility, managing,
measuring and protection of electrical installations) and other equipment that are valid from June 1. 2012.

Questions:

Were among stated regulations defined means of verification of all requirements/demands that small power plant has to complete
before putting in service and that have been defined in Technical reference number 16: Basic technical demands for connecting
small power plants to distribution system JP EPS?

R-5.20 RECONSTRUCTION OF CONDENSING THERMAL POWER PLANT 210 MW TE TUZLA FOR THE
PURPOSES OF HEATING - BASIC POSSIBILITIES AND EFFECTS

Authors: Adil BASIC, 1. DIVKOVIC, H. SALKIC, V. IVELJIC, ,Elektrodistribucija Tuzla“, Tuzla, Bosnia and Herzegovina

Reviewer: Zeljko POPQVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

This paper presents various ways of reconstructing condensing steam turbine, which is used in generation of electrical energy, for
combined generation of electrical and thermal energy. On the example of reconstruction of one turbine of generator block of 210 MW
increasing the level of block’s efficiency is shown.

Questions:

1. How much is reconstruction of the existing condensing steam turbines for combined generation of electric and thermal energy
present in the world?

2. What are, according to the authors information, experiences in using micro CHP systems (in house hold, commercial sector) in

the world?
R-5.21 SYSTEMS FOR CONTROL AND OPTIMIZATION OF ELECTRICAL ENERGY CONSUMPTION-SOLUTIONS
FOR FINAL COSTUMERS
Authors: Mirna KOJIC VELJOVIC, M. STEFANOVIC, V. BAJIC, M. NIKOLIC, J. DUNJIC, ,E-Smart Systems* d.0.0,
Belgrade, Serbia
Reviewer: Zeliko POPQVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

This paper presents an advanced web portal (www.alphaverda.com) which should provide increasing power efficiency. Main object
of this portal is increasing power efficiency of final consumers and improving relations between relevant agents (suppliers,
wholesalers, retailers, buyers, aggregators, distribution companies) in the chain of generation, distribution and consumption of all
kinds of energy products and electrical energy. Accomplishing these goals is obtained by enabling systematic recording and analysis
of consumption data, as well as additional motivation by comparing the with trends in the environment.

Questions:

1. To what extent do this and similar systems assure privacy protection of the data, in other words, what is the risk of abusing
house hold load profile data?

2. Will systems like this, based on cloud platform and similar services, be used in the future instead of systems for managing
consumption in the real time (instead of “energy boxes” in house hold, “building management systems” in big office buildings
etc.)?
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R-5.22 MEASURING OF ELECTRICAL VALUES IN MV AND LV POWER DISTRIBUTION NETWORK IN ORDER
TO EFFICIENTLY MONITOR NETWORK ELEMENT’S LOAD

Authors: Bojan VESIC, D. ALMIND, J. STOJANOVIC, ENEL PS , Belgrade, Serbia

Reviewer: Zeljko POPQVIC, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

This paper presents optical sensor for measuring current values in MV and LV networks, which enables reaching the accuracy level
of 1-2% in range of 1-20 000 A. Also, application of such sensors in a distribution company from Denmark (DONG Energy) within
their surveillance and managing of the distribution network system has been shown.

Questions:

1. What are the prices of listed sensors in reference to other devices for measuring currencies in distribution networks (e.g.
classical current transformer)?

2. In what distribution companies in the world, aside from the one mentioned in the paper, are presented sensors applied, to what
extent and within which systems?

R-5.23 WIND TURBINE EMULATOR AND SCIG CONTROL SYSTEM USING A PIC16F877 MICROCONTROLLER
Authors: A. CZINE, FDEE Electrica Distributie Transilvania Sud, Romania
Reviewer: Zeliko Popovic, PhD, Power Distribution Company Elektrovojvodina, office Backa Topola, Serbia

In this paper is presented the emulator of a fixed speed SCIG wind turbine. The proposed emulator can be used for analyzing the
behavior of SCIG wind turbine in the steady state as well as to analyze the possibility of of the variable speed operation.

Questions:
1. Isitverified the accuracy of the proposed emulator and in which way ?

Subject 3
Measuring intruments, electricity billing, business information systems
Referee — M.Sc. Branislav RADOVIC, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

R-5.24 REALIZATION OF COMMUNICATION INFRASTRUCTURE IN AMM SYSTEM
Authors: Milan SORMAZ, Natasa VEJINOVIC, “Elektrokrajina, Banja Luka, Republic of Srpska, BiH
Reviewer: Sada MARCETA, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

This paper presents different communication technologies for realization of AMM system. Most important characteristics of each of
various different communication technologies that have been processed and specifics that should be noted if such communication
solution contains it have been listed.

Authors have addressed their practical experience with each of the solutions, compared speed of different communication
technologies (expected and realized) as well as percentage of how success the meter’s reading was.

In more details, a solution with BPL communication technology, which results give potential for using this type of solutions as basis
for SmartMeter/SmartGrid have been presented.

Questions:

1. s it possible to demonstrate a table with solutions ranged by economic aspects (prices of modem, prices of additional
equipment, prices of providing network,...)?

2. What is ratio between time response with BPL in communication with first node in the network and the final one (ED Prijedor —
TS Electric, ED Prijedor — Betonjerka) ?

3. Are 7500 of meters that have been mentioned, within unique AMM system, in other words is managing and reading of all meters
done by one software?

R-5.25 APPLICATION OF NEW TECHNOLOGIES OF PROTECTING DATA IN DISTRIBUTION AMR SYSTEMS
Authors: M. STEFANOVIC, V. PEJOVIC, V. BAJIC, M. KOJIC VELjOVIC, E-Smart Systems, Belgrade, Srbija
Reviewer: Boris HOLIK, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

The paper describes problems with protecting transfer data within components of distribution AMR system, in other words, between
different types of users and AMR system itself.

Described mechanism and technology are used in project SESAME-S, within which access to users of AMR system is realized by
MS Windows Azure “cloud” platform. In such accordance, paper lists mechanisms of protecting data within MS Windows Azure.
Procedure of protecting data in transferring from concentrators to AMR centre has also been described, emphasizing mechanism of
protecting communication and integrity of data.

Questions:

1. The paper shows procedure of sending asymmetrically coded symmetrical key to a message receiver. What is the advantage of
such method to the method that would only relay on asymmetric coding ?

2. Does a danger of interception of sent symmetric key exist?
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R-5.26 ANALYSIS OF HW/SW PLATFORM FOR THE PURPOSES OF THE SYSTEM FOR MANAGING AND
STORING CONSUMPTION DATA (MDM/R)

Authors: A MIHAJLOV, M. NIKOLIC, Institut ,Mihajlo Pupin — Automatika“, Belgrade,Serbia
D. VUKOTIC, PD ,Elektodistribucija Beograd*, Belgrade, Serbia

Reviewer: Sasa MARCETA, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

The paper shows one of the solutions for realization of MDM/R system. The use of MySQL Cluster platform for realization of the
system for receiving and processing big amount of incoming data from AMI/AMM system has been reviewed. Hardware architecture
that is supposed to support MySQL Cluster and provide system performances has been presented.

Brief examples of calculation of data as well as the time response of such system depending on the number of reading and type of
meter have been given in the paper.

Questions:

1. Has it been considered within calculation of data for meterradtbl that meter provides several types of data (aside from energy,
there are power profiles, event jurnal, statuses, billing, etc.). Is it even possible to store all of this in a single table?

2. Does some of the producers of MDM system use MySQL Cluster as a platform for his solution?

3. Do other systems (unrelated to MDM) that use MySQL Cluster as a platform for their solution exist?

R-5.27 COMMUNICATION PROTOCOL AMONG AMM CENTRE AND CONCENTRATOR OF DATA AS A
SUPPORT TO INTEROPERATION OF ENTIRE SYSTEM

Authors: M. STEFANOVIC, V. PEJOVIC, M. VUCETIC, E-Smart Systems, Belgrade, Serbia

Reviewer: Boris HOLIK, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

The paper gives script of possible communication protocol among AMM centre and concentrator, that define possible ways of
exchanging information and commands between this two levels of AMM system.

Authors have correctly recognized need for the protocol to be defined in a way that enables future upgrading, maintaining existing
syntax.

Using widely spread XML structure, authors enable linking with other AMM systems in an easy way.

Questions:

1. Establishing the differences between configuration of the concentrator on the terrain and memorised configuration in data base
of AMM Centre, was an option of updating memorised configuration in accordance with changes on the terrain provided?

2. The picture 2 shows algorithm of performing operation script. Is there a mechanism that prevents system from going into infinite
loop when performing automatic functions?

R-5.28 LEGALLY RELEVANT SOFTWARE IN ACTIVE ENERGY METER
Authors: D. HORVAT, T. CINCAR-VUJOVIC, Directorate of measures and precious metals, Belgrade, Serbia
Reviewer: Slobodan KUJOVIC, JP Elektroprivreda Srbije, Belgrade, Serbia

For the purposes of assuring legal exchange of electrical energy among all interested parts, it is necessary to assure adequate level
of protection of functional variables of meter, measurement data that are stored in the meter and remote transfer of measured data.
According to tendency of Directorate of measures and precious metals, as national meteorological institution of Serbia, to be
included in international, especially European rules, national legislation is adjusting to the meters requirements defined by European
directives and recommendations.

This paper presents demands for legally relevant software in electrical energy meter. For meters operated by a software types,
classes of risk and software examination have been defined. Classification of legal parameters and request for additional functions
for active electric energy meter that have to be sealed has been given.

For purposes of identification of type of electric energy meter, software information is necessary, that is verified in process of
estimating compliment of the software along with meteorological characteristics of the meter. Legally relevant software should be
protected from abuse, in a way that does not include any possibility of a fraud.

Questions:

1. Is updating of a meter on measuring spot allowed?

2. What does an update mean? What parts of the software are allowed to be updated?

3. What are possible risks, machinations, on a meteorological legally relevant software?

4. How many classes of risk are there? Are meters always of “C” risk class and who determines risk of a meter?

5. Is validation of the software done in Serbia?

R-5.29 QUESTIONING OF CAPABILITY

Authors: T. CINCAR-VUJOVIC, D. HORVAT, Directorate of measures and precious metals, Belgrade, Serbia
Reviewer: Slobodan KUJOVIC, JP Elektroprivreda Srbije, Belgrade, Serbia

The paper presents proposal of realization of domestic inter laboratory comparisons of accredited laboratories from area of electric
energy examination, that will national meteorological institution in Serbia, Directorate of measures and precious metals, form on the
request of accredited laboratory. The goal of PR schemes in providing of conditions for confirming measuring possibilities of
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examination/calibration of participating accredited laboratories and verification of technical competency of laboratory resources
according to SRPS/ISO 17025 standard. Directorate of measures and precious metals and her laboratories, according to long
experience in key, additional and other inter laboratory comparisons within EVRAMET regional organization, as well as on basis of
participating in PT schemes organized within CARDS and IPA projects, plays a significant role in designing PR schemes, providing
after acts of comparisons and defining of stated referent value in PT schemes report.

Questions:

1. Are PT schemes obligatory according to SRPS ISO/IEC 17020 standards?

2. Based on which criteria is PT scheme design chosen?

3. Whois in charge of defining protocol and based on which criteria is election of measuring points done?

4. What are responsibilities of PT scheme laboratory participants?

5. What is the PR participation benefit?

R-5.30 ANALYSIS OF MEASUREMENT CONTROL SERVICES OPERATION WITH REFERENCE TO CRITICAL
POINTS OF THE PROCESS AND PROPOSAL FOR SOFTWARE SUPPORT FOR SERVICES

Authors: Zoran CURAKOVIC, ,Elektrodistribucija Zrenjanin“, Zrenjanin, Serbia

Reviewer: M.Sc. Branislav RADOVIC, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

The paper presents in details analysis of measurement control of measuring spot operation for entire year of 2011 in Zrenjanin
branch. All the activities are listed in details, as well as results of service operation for each of following activities: control of
measuring spot, suspension of electrical energy supply due to the depth, control of costumers that have been suspended due to the
depth, replacing of dysfunctional meters, replacing of switch clocks, replacing measuring transformers and reading of measurement
instruments. Analysis of realization of tracking unauthorised using of electrical energy has been done.

Also, analysis of realization and operation of 9 wiremen is presented.

Author has stated critical points during operation of the measurement control service that have been divided in two group: general
and specific for immediate work on the terrain.

Proposal of necessary software support in control service operation has been presented.

The paper presents various operation data, results and determined state on the terrain. Concrete problems that delay control service
operation on certain activities have been listed as well as suggested resolutions.

Questions:

1. Is it automatically (and how) monitored if wiremen has entered all necessary data in the report on the measuring spot activities?
How are wiremen that do not enter all data treated?

2. s verification of wiremen’s states about payment on the suspension report realized?

3. Is suspension of supply done in the same place as the previous suspension if it is noticed that the costumer has reconnected
after suspension on his owm?

4. In what way could efficiency of suspension of supply due to the depth be increased, having in mind that there is a big number of
costumers that have reconnected on their own?

5. Are special teams of trade presenters, law service and exploitation formed to determine further steps in treating certain most
difficult cases that have been sued but reconnect on their own, prevent suspension, etc.?

R-5.31 IMPACT OF CONSISTENT APPLICATION OF DELIVERING ELECTRICAL ENERGY REGULATION ON
THE LEVEL OF BILLING OF UNAUTHORISED USE OF ELECTRICAL ENERGY IN ED SOMBOR

Authors: N. STANKOVIC, Z. SIMENDIC, M. VUKAS, ,Elektrodistribucija Sombor*, Sombor, Srbija

Reviewer: Miomir BELCEVIC, Power Distribution Company Kraljevo, Serbia

The paper presents experience of ED Sombor (Power Distribution Company Elektrovojvodina) before and after complete application
of provisions of Regulation on delivering electrical energy in the part that refers to the unauthorised use of electrical energy in the
consume area of this part of Elektrovojvodina. Aside from that proposal to adjust acting during unauthorised consumption on the
EPS level has been given, based on hitherto experiences in strict application of the law and Regulation on delivering electric energy.

Questions:

1. Is number of detected theft result of the increased of control or increasing number of unauthorised use of electrical energy?

2. What are experiences and what is author’s opinion on applying article 40 paragraph 1 point 4 of Regulation on delivering
electrical energy (using electrical energy by measurement device on which consumer has damaged supplier's/organization in
charge seals)?

3. Is there a difference in application of Regulation on delivering electrical energy in the part of unauthorised using electrical
energy in the area of PD Elektrovojvodina Novi Sad?

R-5.32 PRACTICAL EXPERIENCE IN DETECTING AND PREVENTING UNAUTHORISED USE OF ELECTRIC
ENERGY

Authors: B. RATKOVIC, D. TUNGUZ, D. COMIC, ,Elektrodistribucija Novi Sad*, Novi Sad, Serbia

Reviewer: Miomir BELCEVIC, Power Distribution Company Kraljevo, Serbia
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The paper presents model that has been applied in PD Elektrovojvodina do.o. and Elektrodistribucija Novi Sad in order to detect and
prevent unauthorised use of electrical energy. Firs part of the paper describes all necessary activities on making conditions for
efficient operation of employees in charge of detecting and tracking unauthorised consumption, theft of electrical energy, as well as
activities on planning, preparing, realization and control of operation of detecting and tracking unauthorised consumption.

The second part presents compared results before and after application of the new model that point out that new way is by far more
efficient.

Questions:
1. Is stimulation for detecting theft applied and what are the results?
2. What has, in author’s opinion, affected increasing of billing of unauthorised consumption?

R-5.33 NEW SOPHISTICATED METHODS OF THEFT OF ELECTRICAL ENERGY ON ELECTRIC METERS -
USING ELECTROMAGNET FOR SPARKLING

Authors: S. DAMJANOVIC, A. NIKOLIC, L. NAD-TORMA, Power Distribution Company Elektrovojvodina,
Elektrodistribucija, Novi Sad, Serbia

Reviewer: M.Sc. Branislav RADOVIVIC, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

The paper presents three types of device (‘sparkling device’), that by electromagnetic impact permanently or temporarily unable
accurate operation of electric meters. Brief explanation of operation of each such device is given. Practical recommendations of
detecting unauthorised consumption during process of measuring spot control is listed, by using these devices. Conclusion gives
possibilities disabling proper operation of sparkling device.

Questions:

1. In how many cases and in what time period has influence of certain types of sparkling device on electric meters been detected?

2. Isit possible (and how) to detect if the damage on the processor is permanent, caused by sparkling device?

3. What are practical experiences and what are author's recommendations related to billing of unauthorised consumption in cases
when it is suspected that there was influence of sparkling device on the electric meter?

R-5.34 INFRASTRUCTURE FOR INTEGRATION OF APPLICATIONS BASED ON ENTERPRISE SERVISE BUS
ARCHITECTURE IN ED JUGOISTOK ,
Authors: Sanja BOGDANOVIC DINIC, N. DAVIDOVIC, A. STANIMIROVIC, L. STOIMENOV, University of Nis, Electrical

Engineering Faculty, Nis, Serbia
Sasa TOSIC, Jugoistok, Nis, Serbia
Reviewer: M.Sc. Darko MEDEDOVIC, Power Distribution Company Elektrovojvodina, Novi Sad, Serbia

The paper suggests integration of applications based on Enterprise Service Bus (ESP) architecture. On the example of PD Jugoistok
exchange of data among big number of distribution and heterogenic sources has been analysed and need for integration of
applications has been explained. Advantages of ESB architecture have been pointed out in reference to point-to-point and hub
integration. Existing IS are for purposes of analysis divided on real-time, back office and front office systems and corresponding
technologies of the middle layer for the communication with and within ESB buses have been suggested.

Questions:
1. What order of activities is necessary for the implementation of integration of applications based on ESB architecture in PD
Jugoistok?

2. What time range is necessary for implementation of system integration in PD Jugoistok?

150



VIII SAVETOVAMJE O ELEKTRODISTRIBUTIVMIM MREZAMA SRBIE sa regionalnim uéeséem
VIII CONFERENCE ON ELECTRICITY DISTRIBUTION IN SERBIA with regional participation

Vrnjockn Banja, 23/09/2012 - 26/09/2012

TR &=

R-5.01

MOGUCNOSTI KONCESIONE IZGRADNJE | NACINI PRIKLJUCENJA NA DISTRIBUTIVNU MREZU
MALIH HIDROELEKTRANA U BOSNI | HERCEGOVINI

M HASANIC, Komisija za koncesije FbiH
F. HIDIC, JP “Elektroprivreda BiH", PJ Elektrodistribucija “Zenica”,
V. BECIROVIC, Elektrotehnicki fakultet, ETF Sarajevo, Sarajevo BiH

KRATAK SADRZAJ

U ovom radu se iznose podaci o interesu i prijavama potencijalnih investitora i proizvodaca elektriCne energije za izgradnju
malih hidroelektrana (mHE), zatim se razmatraju uslovi i poteSkoce koje se javljaju u periodu od iskazivanja interesa za gradnju, pa
do konaénog upustanja u rad ovih postrojenja, kao i mogucnosti i uslovi izgradnje mHE u BiH sa stanovista tehnicke problematike i
mogucih potencijala u resursima i sa stanovita zakonske regulative (energetske potrebe i uslovi izgradnje u poredenju sa Evropom i
u poredenju sa zemljama u regionu).

Poseban akcenat u radu se posvecuje pristupu elektrodistributivnim mreZzama i uslovima koje mora ispuniti budugi
proizvodac elektriCne energije u mHE, kao i izvedbi priklju¢aka velikog broja mHE na jednu distributivnu mrezu (moguéi nacini
integracije na elektrodistributivnu mrezu). Sematski prikaz i opis moguéih i dopustenih nagina prikljuéaka mHE na distributivnu mrezu
i na prenosnu mrezu BiH — prednosti i nedostaci razli¢itih rieSenja: jednih u odnosu na druge. Kada, i pod kojim uslovima graditi mHE
koje mogu da rade autonomno i tako da napajaju taéno odredene grupe potroSaca (sa poznatom minimalnom i maksimalnom
snagom). Nacini obezbjedenja pouzdanog snabdjevanja elektriénom energijom takve grupe potro$aca. Razmatra se tipizacijski
pristup planiranju izgradnje mHE, kao i uvodenje tehnoloskih noviteta.

Kljuéne reci: integracija, hidroelektrana, obnovljivi izvori, distributivna mreza.

OPTIONS CONCESSION BUILDING AND WAYS OF CONNECTING TO THE DISTRIBUTION NETWORK
OF SMALL HYDRO POWER PLANTS IN BOSNIA AND HERZEGOVINA

ABSTRACT

This paper presents data on the interest charges and potential investors and producers of electricity for the construction of
small hydropower plants (SHPP), then discusses the conditions and difficulties that arise between the expression of interest for the
construction, to final start operation of these plants, opportunities and conditions for the construction of small hydropower plants in
Bosnia from the viewpoint of possible technical problems and potential resources and from the standpoint of legislation (the energy
needs and requirements of construction in comparison with Europe in comparison with countries in the region).

Special emphasis in this paper is devoted to access to power grid and the conditions to be met as a manufacturer of small
hydro power, and performance of connections of a large number of small hydro in a distribution network (possible ways of integrating
the electric power network). Schematic representation and description of possible and permissible ways sHHP connections to the
distribution network and transmission network in BiH - advantages and disadvantages of different solutions; in relation to each other.
When and under what conditions to build small hydro that can operate autonomously and to supply the correct certain groups of
consumers (with a known minimum and maximum power). Ways of ensuring a reliable supply of electricity such groups of
consumers. We consider the tipizacijski approach to planning the construction of small hydro, and the introduction of technological
innovations.

Key words: integration, hydroelectric power, renewable sources, distribution networks.
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R-5.02
RENEWABLE ENERGY SOURCES IN THE CZECH REPUBLIC IMPACT ON TECHNICAL AN ECONOMIC ISSUES
F. VYBIRALIK, EEConsulting, The Czech Republic
SUMMARY

For the Czech Republic the Directive 2009/28/EC states the obligation to raise the share of renewable energy in the total gross
final energy consumption in the CR to 13 % by 2020 (from 6.1 % in 2005). The 13 % can be covered from the consumed electricity
produced from renewable energy sources, from energy used for heating and cooling from renewable energy sources and energy used in
transportation that is produced from renewable energy sources. Meanwhile, the increasing of the share of energy from renewable
sources in all types of transportation must be, in accordance with the directive, at least 10 % of the final energy consumption in
transportation in the Czech Republic by 2020.

The law on the support of renewable sources of energy has established favorable conditions for investors of photovoltaic
power plants. The purchase price of electricity from photovoltaic power stations was the highest in Europe and investors from many
countries of Europe were building these stations.

By the end of 2011 photovoltaic power plants with installed capacity 2100 MW and wind power plants with installing capacity
220 MW have been connected to all voltage levels of the distribution system.

The technical and economic impacts of the development of photovoltaic power plants are specified in this article.

Key words: Photovoltaic power plant, impact, RES, CHEP (combined production of electricity and heat) economy, additional costs,
promotion, customer contribution, load daily curve.
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R-5.03
PREGLED | PERSPEKTIVE TRZISTA ENERGIJE VETRA U EVROPSKOJ UNIJI | SRBLJI

N. KATIC, V. KATIC, B. DUMNIC, D. MILICEVIC, Z. CORBA
Fakultet Tehnickih Nauka Novi Sad, Srbija

KRATAK SADRZAJ

U radu je razmatrana proizvodnja elektriéne energije iz obnovljivih izvora energije, a posebno energije vetra u Evropskoj Uniji
i uticaj na razvoj ovakvog trzista u EU. Predstavlieni su rezultati istrazivanja energetskih potencijala vetra u Srbiji, a posebno u
Vojvodini, koji lociraju jugo-istoénu Vojvodinu kao najatraktivnije podruje za izgradnju vetroelektrana sa gledista pristupacnosti,
elektroenergetskih kapaciteta, saobracajne insfrastrukture i uslova zastite okoline. Dat je pregled nekoliko lokacija na kojima se
oCekuje skora izgradnja prvih vetroelektrana u Srhiji.

Kljuéne re€i: Energija vetra, Vetrogeneratori, Potencijali vetra u Vojvodini.
OVERVIEW AND PERSPECTIVES OF WIND ELECTRICITY MARKET IN EUROPEAN UNION AND SERBIA
ABSTRACT
Survey of wind electricity production and market in European Union is presented in the paper, following impact of EU
directives to increase ,green energy” participation to 20% in year 2020. The overview of current state on the wind market of wind
industry as well as main energy players. Detailed list of incentives levels and effects of feed-in tariffs on level of investments in wind
energy will be given. Perspectives for future, will be also elaboratzed. New legislation supporting investments in ,small* power plants

in Serbia is elaborated. Furthermore, survey of wind potentials in Vojvodina is presented, as well as capability of existing power
system to accept new electricty production from wind farms.
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R-5.04
KORISCENJE SOLARNE ENERGIJE ZA PROIZVODNJU ELEKTRICNE ENERGIJE

I:ALJC, Elektrosrbija Krajevo - ED Krusevac,
ZIVCEVIC, Elektrosrbija Krajevo - ED Cadak

P.
Z
KRATAK SADRZAJ
U Srednjoj tehnickoj Skoli u Varvarinu pored KruSevca instaliran je sistem za pretvaranje sunéeve energije u elektriénu
energija.Glavni elementi celog sistema su solarni paneli, zastita monitoring, invertor i dvosmerno elektricno brojilo.Izlazna snaga
celog sistema je 5 kW. U holu Skole postoji displej koji pokazuje trenutnu proizvodnju elektriéne energije, ukupno proizvedenu
elektriCnu energiju od poCetka eksploatacije i usteda emisije CO2.
Kljuéne re€i: sunéeva energija,elektri¢na energija,solarni paneli,usteda emisije CO2.
USING SOLAR ENERGY FOR GENERATION OF ELECTRICAL ENERGY
SUMMARY
System for conversion sun energy into electrical energy has been instaled, at high technical school in Varvarin near by
Krusevac. Solar panels, electrical protection, monitoring,inverter and bidirectional electrical meter are main parts of whole system.
Output power of system is 5 kW. Display which shows current output electric power, totally electrical energy from begin, CO?2 saving
emission, has been alocated in entering hall.

Key words: sun energy, electrical energy, solar panels, CO? saving emission.
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R-5.05

OBNOVLJIVI IZVORI ENERGIJE U KONTEKSTU ENERGETSKE ZAJEDNICE JUGOISTOCNE EVROPE - OSVRT NA
ELEKTROPRIVREDU REPUBLIKE SRPSKE

K. K. MARKOV, D. MURATOVIC, N. TESANOVIC
MH Elektroprivreda Republike Srpske, Bosna i Hercegovina

KRATAK SADRZAJ

Zemlje potpisnice Ugovora o uspostavi Energetske zajednice prihvatile su primjenu direktiva Evropske Unije o trzistu
energije, zastiti okoline, konkurenciji i obnovljivim izvorima energije po vremenskom rasporedu utvrdenim Ugovorom i obavezne su
da svoje pravne i regulatorne okvire usklade i dovedu na nivo koji bi omogucio nesmetanu integraciju u unutasnje energetsko trziste
EU (uklanjanje administrativnih i tehnickih barijera). Bosna i Hercegovina je ratifikovala Ugovor o uspostavi Energetske zajednice
27.07.2006. godine. U poredenju sa ostalim zemljama regiona Jugoistocne Evrope Bosna i Hercegovina je specifitna, a jedna od
osnovnih karakteristika Bosne i Hercegovine je njena unutrasnja kompleksnost. U¢eSéem u ovom procesu, i Republika Srpska kao
dio Bosne i Hercegovine je potvrdila svoju spremnost da reformie energetski sektor, liberalizuje trZiSte elektricne energije i
harmonizuje svoju politiku iz oblasti obnovljivih izvora energije sa politkom EU. Strategija razvoja energetike Republike Srpske do
2030. godine usmjerena je na koris¢enje domacih resursa, uklju€ivanje obnovljivih izvora u podmirivanju potreba za energijom,
uvodenije i podsticanje mjera energetske efikasnosti, te primjenu savremenih energetskih tehnologija. Istovremeno se zahtjeva
oCuvanje Zivotne sredine i smanjenje Stetnih uticaja energetskog sektora na najmanju moguéu mjeru. Razvoj energetike Republike
Srpske se posmatra u uslovima postepenog otvaranja trzista, a Elektroprivieda Republike Srpske vidi svoju buducnost tako da
svojim poslovnim potezima obezbijedi stabilnost i razvoj elektro energetskog sistema, a sve kroz integrisanje u energetski sistem
Evrope.

Kljuéne rije€i: obnovljivi izvori energije, Energetska zajednica, trZiSte elekirine energije, Elektroprivreda Republike Srpske.

RENEWABLE ENERGY SOURCES IN CONTEXT OF THE ENERGY COMMUNITY OF THE SOUTH EAST EUROPE - REVIEW
OF THE POWER UTILITY OF THE REPUBLIC OF SRPSKA

SUMMURY

Signatory countries on the Treaty Establishing the Energy Community have accepted the application of EU directives on the
energy market, environmental protection, competition and renewable energy sources by the time schedule required under this Treaty
and obligated that all legal and regulatory framework to harmonize and bring to a level that would allow seamless integration into
energy market EU (removal of administrative and technical barriers). Bosnia and Herzegovina ratified the Treaty Establishing the
Energy Community on July 27, 2006. In comparison to other countries in region of the Southeast Europe Bosnia and Herzegovina is
specific, and one of the main characteristics of Bosnia and Herzegovina, its intinisic complexity. By participation in this process, the
Republic of Srpska as part of Bosnia and Herzegovina has confirmed its willingness to reform the energy sector, liberalize of
eletricity market and harmonize their policies in the field of renewable energy sources with EU policy. The Strategy for energetic
development of the Republic of Srpska until 2030, focus is on the use of domestic resources, including renewable sources in
meeting their energy needs, the introduction and promotion of energy efficiency measures, and the application of modern energy
technologies. At the same time requiring the preservation of the environment and reduce the harmful effects of the energy sector to a
minimum. Energy development in the Republic of Srpska has been monitored in terms of gradual opening of market, and Power
Utility of the Republic of Srpska sees its future so as it shall, by its business moves, ensure stability and development of the electric
energy system, through integration with the European Energy System.

Key words: renewable energy sources, Energy Community, eletricity market, Power Utility of the Republic of Srpska.

155



VIl SAVETOVAMIE O ELEKTRODISTRIBUTIVNIM MREZAMA SRBLIE sa regionalnim uéeséem
VIII CONFERENCE ON ELECTRICITY DISTRIBUTION IN SERBIA with regional participation
ﬁ {CIRED

Vrnjockn Banja, 23/09/2012 - 26/09/2012

R-5.06

CTAHE NMPOLIECA AEPEMYNALWUJE, PECTPYKTYPUPAILA U MPUBATU3ALUJE ENEKTPOMPUBPEA Y 3EMJbAMA
JYFTOMCTOYHE EBPONE

A. TAYWAH, MX EPC 3ELN ,Enektpo-bujerbuHa“, bujersuna, Penybnuka Cpncka, buX
H. KATUR, ®akynTeT TexHnukux Hayka, Hoeu Cag, Penybnuka Cpbuja

KPATAK CALIPXKAJ

[eperynauuja, pecTpykTypupate, npuatusaumja u nubepanusaumja TPXMLITA €NEKTPUYHOM EHEPrijoM MpOLECH Cy Koju
oburbexaBajy enekTPOEHepreTCcky CEKTOp JaHac, a LOCTUrHYTW CTEMEH MPOMjeHa pasnuynT je Kako y CBWjeTy, Tako u y EBporm.
OkonHOCTM MOA Kojuma ce 0ABUjajy OBM MPOLLECU pasnukyjy ce o Apxaee [0 ApXaBe W He MOCTojW uheanaH mMogen koju 6u 6uo
Hajborbm 3a cBe 3emibe. Y jyrouctouHoj EBpomw nmpouecu peperynauuje Mo pecTpykTypupaka, BOe ka npueatusaumjn
enekTponpuBpeaa 1 OTBapatby TPXWLITA, WTO je Luib YroBopa O OCHOBawy EHepretcke 3ajegHuue. OBu mpouecu ce ofsujajy
pasnuYMM WHTEH3WUTETOM anu CBakako CBM MONAKO Hanpedyjy Ka KOHAYHOM LWIbY: jeAMHCTBEHOM TPXKWLLTY Y Pervju jyroucTouHe
EBspone, a 3atum u umjene Espone.

Y papy je gat npernen Craka y 8 gpxaea pervoHa, anu ce nocebHa nmaxka MOKNOHWNA CTawy Aeperynauuje,
PecTpyKTUpupara 1 npueatusauuje enektponpuspegHux npeayseha y Cpbuju, bocHu n Xepuerosunu, Xpeatckoj, MakegoHuju v

LipHoj Mopwm.
KrbyuHe pujeun: feperynaumja, pecTpykTypupatse, EnexkTponpuspesa.

THE STATE OF THE PROCESS OF DEREGULATION, RESTRUCTURING AND PRIVATIZATION OF POWER UTILITIES IN
SOUTHEAST EUROPE

SUMMURY

Deregulation, restructuring, privatization and liberalization of the electricity market are processes that mark the electricity
sector today, and the achieved degree of change is different in both the world and in Europe. The circumstances under which these
processes occur vary from state to state and there is no ideal model that would be the best for all countries. In southeastern Europe
the processes of deregulation and restructuring leading to the privatization of electricity and the opening of the market, which is the
goal of the Treaty establishing the Energy Community. These processes are of different intensity, but it is all slowly progressing
toward the final goal of a single market in the region of Southeast Europe, and the whole of Europe.

The paper gives