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REC PREDSEDNIKA CIGRE Srbija
& CIRED Srbija

Po§tovani Citaoci, uz malo kasnjenje, nastavljamo sa izdavanjem novog periodicnog ¢asopisa nacionalnih
komiteta CIGRE Srbija i CIRED Srbija pod nazivom CISRE,

Ovaj broj donosi izvestaje sa odrzanih skupova u prvoj polovini 2016. godine, kao i najavu vaznijih sku-
pova CIGRE Srbija i CIRED Srbija u drugoj polovini 2016. godine.

Od odrzanih skupova, u ovom broju ¢asopisa najvise paznje posveceno je tek odrzanoj Prvoj konferenciji
Regionalne CIGRE - SEERC (Portoroz, 7. - 8. jun 2016). Od medunarodnih skupova u drugoj polovini 2016.
godine svakako je najznacajnije 46. savetovanje CIGRE PARIS (Pariz, 21. - 26. avgust 2016), a vazno je spo-
menuti pripreme za 10. jubilarno savetovanje CIRED Srbija (Vrnjacka Banja, 26. - 30. septembar 2016) i 17.
simpozijum CIGRE Srbija - Upravijanje i telekomunikacije u EES (VrSac, 16. - 19. oktobar 2016).

Reakcije stru¢ne javnosti Srbije na prva dva broja ¢asopisa CIRE su vrlo dobre.

| ovog puta, pored niza informacija iz oblasti rada i delovanja nacionalnih komiteta CIGRE Srbija i CIRED
Srbija, uvrStena su dva strucna rada srpskih autora prezentovana na Prvoj konferenciji Regionalne CIGRE -
SEERC i 46. savetovanju medunarodne CIGRE u Parizu. Medutim, to nije dovoljno za stru¢nu javnost, jer se
u Srbiji vec viSe godina oseca nedostatak ,pravog” stru¢nog Casopisa za oblast elektroenergetike (kao Sto je
bio Casopis Elektroprivreda). Na tu manjkavost je ukazao i IzvrSni odbor CIRED Srbija, sa idejom da na$ ¢aso-
pis CISRE, preraste stru¢ni ¢asopis ili da se pokrene inicijativa kod nadleznih Republi¢kih organa i Javnih
preduzeca Elektroprivreda Srbije i Elektromreza Srbije da se ponovo pokrene izdavanje posebnog stru¢nog
¢asopisa. Uredivacki odbor casopisa CISRE, (u proSirenom sastavu) je razmatrao navedene sugestije i
zakljucio da Casopis CIRE, ostane u dosadasnjoj formi, s tim da strukovna udruzenja CIGRE Srbija i CIRED
Srbija pokrenu inicijativu i podrze izdavanje posebnog stru¢nog Casopisa, kao na primer Elektroprivreda.

Pored navedenog, Uredivacki odbor ¢asopisa CISREp doneo je odluku da se koncept ¢asopisa dopuni
i objavljivanjem priloga o obrazovnim institucijama, naucno-istrazivackim institutima, javnim
preduzecima i svim drugim privrednim subjektima, da iskoriste ¢asopis za prezentaciju svojih referen-
ci, proizvodnih programa, planova razvoja, i sl. Ovim putem Zelimo da pozovemo poslovodstva svih tih
ustanova i kompanija da nam se jave.

Nadamo se da ce Citaoci treceg broja ¢asopisa CISRE biti upoznati sa nasim aktivnostima na domacem
i medunarodnom planu na zadovoljavajudi nacin. Ocekujemo Vasu pomoc¢ kako bi zajedno ostvarili ciljeve
dve najvece asocijacije u oblasti elektroenergetike u Republici Srbiji - CIGRE Srbija i CIRED Srbija.

Predsednik CIGRE Srbija, Predsednik CIRED Srbija,
mr Gojko Dotli¢ dr Zoran Simendié¢
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izvestaj

Prva konferenbija Regionalne CIGRE
za Jugoistocnu Evropu — SEERC

(Portoroz — Slovenija, 07.- 08. jun 2016)

organizaciji Nacionalnog komiteta CIGRE Slovenija, od 7. do 8. juna 2016. godine u Kongresnom centru

hotela ,Bernardin“ u Portorozu (Slovenija), odrzana je Prva konferencija Regionalne CIGRE za
JugoistoCnu Evropu - SEERC. Konferencija je okupila uCesnike iz 14 Nacionalnih komiteta CIGRE - ¢lanica
SEERC (Austrije, BiH, Hrvatske, Ce$ke Republike i Slovacke, Greke, Madarske, Italije, Makedonije, Crne Gore,
Rumunije, Slovenije, Ukrajine, Turske i Srbije). Zvanicno je bilo registrovano oko 250 ucesnika.

Prvog dana rada konferencije odrzane su sledece sesije:

- Sveclano otvaranje

- Akademski forum

- Prezentacije EES zemalja ¢lanica SEERC

Na Zalost, iako smo bili pozvani, nismo uc€estvovali u prezentaciji nacionalnih EES prvog dana konferencije.
Drugi konferencijski dan je u celosti bio posveéen stru¢nim sesijama koje su se odvijale po unapred

definisanim temama (en. topics):
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Topic 1: Energy and Environmental policy in Region
Topic 2: Submarine cables issues in Region
Topic 3: Regional Energy Market Aspects

Topic 4: Innovation in electricity infrastructure of the Region

Paralelno sa strucnim sesijama bile su organizovane tzv. poster prezentacije odabranih radova - intere-
santnih sa aspekta regionalne saradnje i razvoja.

CIGRE Srbija je bila relativno skromno zastupljena na ovoj Konferenciji. Pored rada u organizacionim
telima konferencije, predstavnici CIGRE Srbija su se istakli u slede¢im aktivnostima:

- lzvestioc o Univerzitetu u Beogradu na Akademskom forumu bio je prof. dr Zlatan Stojkovi¢ sa ETF
Beograd, predsednik STK C4 CIGRE Srbija;

- Predsedavajudi za sesiju “Regional Market issues” bio je mr Nenad Stefanovic iz ARES, predsednik STK
C5 CIGRE Srbija;

Prezentovana su 4 struc¢na rada iz Srbije u okviru 4 sesije po odabranim preferencijalnim temama:

1. Security principles for ICT infrastructure in a Power Utility Smart Grid (Bojan Milinkovi¢, Jasmina Mandi¢-
Luki¢, Srdan Latinovic)

2. Implementation of Reserve Trading in SMM ENTSO-E Control Block (Goran Jakupovi¢, Ninel Cukalevski,
Nikola Obradovi¢, Dusko Anicic¢)

3. Design and Implementation of the South East European Power Exchange -SEEPEX (M. Mladenovi¢, D.
Stojcevski, A. Petkovic)

4. Communication solutions for Smart Distribution network - Public versus private infrastructure (Jasmina
Mandi¢-Luki¢, Bojan Milinkovi¢, Zeljko Vasiljevi¢, Nenad Simic)

Prezentovana su 2 strucna rada iz Srbije u okviru ,poster” prezentacija radova, i to:

1. Information Security in Electric Power Utilities' Environment (Radoslav Rakovi¢, Jasmina Mandi¢ Luki,
Nina Cukic¢)

2. Solutions for Alternative Route of the Teleprotection Communication Channel (Vladimir Celebi¢, Anka
Kabovi¢, Milenko Kabovi¢, Jovanka Gajica, Iva Salom)

Po odrzavanju strucnih sesija, Tehnicki savetodavni komitet i predsedavjuci na stru¢nim sesijama su
izabrali najzapazenije radove i radove koji ¢e se ponuditi za Stampanje u stru¢nom ¢asopisu C/GRE Scienece
& Engineering.

Za najzapazenije radove po temama proglaseni su radovi :

Topic 1: Zeljko Tomsi¢, Ivan Rajsl, Matea Filipovi¢ (Croatia), “Low Carbon Development Strategy for
Croatian Electricity Sector Until year 2070”

Topic 2: J. Kabouris, K. Tsirekis, A. Georgopoulos, I. Aravanis (Greece), “The Interconnection of the
Cycladic Islands: A Major Innovative Transmission Project for the Greek EPS”

Topic 3: D. Martinci¢ (Montenegro), D. Medumorec (Croatia), A. Mijuskovi¢ (Montenegro), “Regionally
coordinated auctions of cross-border transmission capacities between South East European
Transmission System Operators”

Topic 4: Klemens Reich, Michael Leonhardsberger, Herbert Lugschitz (Austria), “Test-run for uprating
of Overhead Lines using innovative Technologies at APG”
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Radovi odabrani za Stampanje u stru¢nom caspoisu C/GRE Scienece & Engineering su :

Topic 1:
Topic 2:

Topic 3:

Topic 4:

Gorazd Bone, Rafael Mihali¢ (Slovenia), “A dynamical equivalent for the electric power system”

Milutin Ostoji¢, Martin Calasan (Montenegro), “Magnetic Field of the Bipolar HYDC Cable Italy-
Montenegro in the See and in the Land Section”

C. Todem, A. Kaiser, V. Wiedner, H. Wornig (Austria), “T European network codes - Bidding Zone
Review Impacts on the SEE region resulting from a Austrian-German market split”

Guido Guida, Mauro Caprabianca, Federico Quaglia, Luca Luzi, Carlo Bruno, Marta Maria
Emolumento, Matteo Simone Stori (Italy), “/nnovative tool for the outages plan optimization in
the Italian Transmission Network”

Massimo Muggiasca (ltaly), “Unsymmetrical Spacer Damper designed to control the sub span
oscillation of a conductor bundle”

George Messinis, Aris Dimeas, Vasilis Rogkakos, Kostas Andreadis, Iraklis Menegatos, Nikos
Hatziargyriou (Greece), “Utilizing Smart Meter Data for Electricity Fraud Detection”

Na kraju konferencije, pored svecanog urucivanja zahvalnica za najzapazenije radove, izvrSena je primo-
predaja funkcije predsednika Regionalne CIGRE za Jugoistocnu Evropu - SEERC u narednom dvogodiSnjem
mandatu 2016-2018. Naime, po osnivackom dokumentu ustanovljen je redosled predsedavanja
Nacionalnih komiteta po abecednom redu (na engleskom). Tako je mesto predsedavanja u narednom peri-
odu 2016-2018 trebao da preuzme Nacionalni komitet CIGRE Turske, ali su zbog nedovoljnog iskustva u
tome (osnovani su tek 2015. godine), to mesto prepustili slede¢em, tj. Nacionalnom komitetu Ukrajine.

Yuriy Bondarenko, je ¢lan medunarodne CIGRE od
1994. godine. Jedan je od osnivaca Nacionalnog
komiteta CIGRE Ukrajina, a od 2004. godine je na
funkciji potpresednika i generalnog sekretara CIGRE
Ukrajina. Od 2007. godine je ¢lan Administrativnog
saveta CIGRE Pariz ispred svog Nacionalnog komiteta.
Ucestvovao je u osnivanju Regionalne CIGRE za
Jugoistocnu Evropu (SEERC) 2013. godine, gde je ¢lan
Upravnog odbora, clan Tehnickog savetodavnog
komiteta i Predsedavaju¢i radne grupe RWG-04:
Technical and economical features of Hydro Pumped stor-
age power plants (HPSPPs) in power systems. Dobitnik je
plakete istaknutog clana (en. Distinguish Member)
medunarodne CIGRE za 2014. godinu.

Yuriy Bondarenko se trenutno nalazi na poziciji
Generalnog direktora Science and Technology Company
ENPASELECTRO gde je uklju€en u niz projekata vezanih
za EES Ukrajine.

InaCe, pored aktivnosti u organizacijama CIGRE,
Yuriy Bondarenko je ¢lan Ukrajinske akademije
tehnoloskih nauka, ¢lan Ukrajinske akademije za
nauku, ¢lan IEEE instituta, predsednik Drzavne komisije
za ispite iz oblasti elektro inZenjerstva i elektro
tehnologija pri Nacionalnom tehnickom univerzitetu
Kyiev Polytechnical Institute, clan lzdavackih odbora

Yuriy Bondarenko, ' Casopisa Elektricne mreZe i sistemi i Hidroenergija. Autor
potpresednik i generalni je viSe od 30 strucnih radova. Dobitnik je naviSeg

sekretar Nacionalnog komiteta CIGRE Ukrajina -  drZavnog priznanja iz oblasti nauke i tehnike za dopri-

novi predsednik SEERC nos razvoju EES Ukrajine.
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First South East European
Regional CIGRE Conference

Portoroz, Slovenia, 7—8 June 2016

SEERC

Prva regionalna konferencija za jugoisto¢nu
Evropu
Akademski forum
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Univerzitet u Beogradu
Elektrotehnicki fakultet
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Dr. Zlatan Stojkovic¢, redovni profesor

a nedavno odrzanoj Prvoj regionalnoj konferenciji

CIGRE posebna sesija je bila posvecena akadem-
skom forumu sa ciliem prikaza aktivnosti univerziteta iz
regiona na sprovodenju Bolonjskog procesa i njego-
vom poboljSanju. Izabrani su predstavnici univerziteta
u Ljubljani, Rimu, Beogradu i Kijevu sa zadatkom da pri-
kazu koncepciju nastave iz oblasti elektrotehnike -
elektroenergetike i daju odgovor u vezi spremnosti
ovih univerziteta da Skoluju inZenjere ove oblasti za 21.
vek. Na samoj konferenciji izabranim predstavnicima
su pridruzeni i predstavnici univerziteta u Sankt
Peterburgu i Istanbulu. U nastavku je dat kratak prikaz
izlaganja predstavnika Elektrotehnickog fakulteta
Univerziteta u Beogradu.

1. O Univerzitetu u Beogradu

Univerzitet u Beogradu predstavlja najstariju i naj-
vecu instituciju visokog obrazovanja u Republici Srbiji.
Osnovan je 1808. godine i u njegovom sastavu se tre-
nutno nalaze 31 fakultet i 11 instituta. Na Univerzitetu
je trenutno angazovano 8500 nastavnika i saradnika
koji u€estvuju u edukovanju oko 85000 studenata. Od
2012. godine Univerzitet u Beogradu se nalazi na pre-
stiznoj Sangajskoj listi univerziteta, ¢ime spada u prvih
400 univerziteta u svetu odnosno u 2% od ukupnog
broja svih univerziteta.

2. O Elektrotehnickom fakultetu

Elektrotehnicki fakultet Univerziteta u Beogradu je
osnovan 1948. godine i danas ga Cine 7 odseka, 42
laboratorije, 136 nastavnika, 46 saradnika i 4423 stu-
denta. Na Fakultetu postoje dva studijska programa

- Elektrotehnika i raCunarstvo,

- Softversko inZenjerstvo (od 2006. godine).

Prema zvani¢nim podacima za 2015. godinu, na
Fakultet su upisana 672 studenta, od Cega na studij-
skom programu Elektrotehnika i racunarstvo 548 (400
na budzetu, 148 na samofinansiranju), dok su na stu-
dijskom programu Softversko inzenjerstvo upisana
124 studenta. Vise podataka o Fakultetu je dato u [1].

Prva godina studija na studijskom programu
Elektrotehnika i raCunarstvo je zajednicka. Studenti se
usmeravaju u tre¢em semestru i, prema podacima iz
2015. godine, raspodela studenata po pojedinim odse-
cima bila je sledec¢a

- Racunarska tehnika i informatika 120,

- Energetika 90,

- Elektronika 52,

- Signali i sistemi 55,

- Telekomunikacije i informacione tehnologije 79,

- Fizicka elektronika 34.

Na studijskom programu Softversko inzenjerstvo je
registrovano 109 studenata u treem semestru.
Procentulana raspodela studenata u treCem semestru
prikazana je na Slici 1.

3. O Odseku za energetiku

Odsek za energetiku Elektrotehnickog fakulteta
Univerziteta u Beogradu predstavljaju dve katedre
- Katedra za elektroenergetske sisteme,
- Katedra za energetske pretvarace i pogone.
Nastava iz oblasti energetike je viSe puta reformisa-
na, Sto je u nastavku ilustrovano slede¢om podelom:
1. Nastava do Bolonjskog procesa;
2. Nastava prema Bolonjskom procesu od 2003 do
2013. godine;
3. Nastava prema Bolonjskom procesu od 2013.
godine.
Nastava pre Bolonjskog procesa se odnosila na
petogodiSnje redovne studije (prva godina zajednicka

R
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Raspodela studenata na drugoj godini

Gope

First South East Eurcpean Reglonal CIGRE Conference - Portoros, Slovenia, 7—1 June 2016

B Racunarska tehnika i informatika
Softversko infenjerstvo

® Energetika

B Telekomunikacije

u Signali i sistemi
Elektronika

B Fizitka elektronika

SEERC

Slika 1. Procentualna raspodela studenata u treéem semestru

za sve odseke i 4 godine prema planu i programu
Odseka za energetiku), poslediplomske studije koje su
zahtevale polaganje 5 predmeta i izradu magistarske
teze i, konacno, izradu doktorske disertacije, 5to je sve
zajedno prosecno trajalo oko 10 godina.

Nastava prema Bolonjskom procesu od 2003 do
2013. godine odnosila se na osnovne studije u trajanju
od 8 semestara (prva godina zajednicka za sve odseke i
3 godine prema planu i programu Odseka za energeti-
ku) i 240 kredita prema Evropskom sistemu za prenos
bodova (ESPB) [2], master akademske studije koje
podrazumevaju 60 ESPB kredita odnosno polaganje 5
predmeta i izradu master rada [3] i, konacno, doktorske
akademske studije sa 180 ESPB kredita koje podrazu-
mevaju polaganje 10 predmeta, istrazivacki rad i izradu
doktorske disertacije [4].

Nastava prema Bolonjskom procesu od 2013. godi-
ne podrazumeva osnovne studije u trajanju od 8 seme-
stara (prva godina zajednicka za sve odseke i 3 godine
prema planu i programu Odseka za energetiku sa 33
obavezna predmeta i 23 izborna predmeta).

Na master akademskim studijama formirana su dva
modula

- modul za elektroenergetske sisteme sa tri smera

(Elektroenergetske mreZe i sistemi, Razvodna
postrojenja i oprema i Obnoviljivi izvori energije),

- modul za energetsku efikasnost.

Prema podacima za 2015. godinu, na ovim moduli-
ma je bilo upisano ukupno 114 studenata, prema
raspodeli prikazanoj na Slici 2.

Konacno, doktorske akademske studije sacinjavaju
dva modula

- modul za elektroenergetske mreZe i sisteme,

- modul za energetske pretvarace i pogone.

Detaljan spisak predmeta po modulima prikazan je
u [5].

4. Podaci o zavrSavanju studija

Prema podacima za 2015. godinu na
Elektrotehnickom fakultetu Univerziteta u Beogradu je
diplomiralo ukupno 408 studenata, master studije je
zavrsilo 292 studenta. Broj doktorskih disertacija
prema godinama je dat u nastavku: za 2012. godinu (6
prema Bolonjskom procesu i 16 prema starom progra-
mu), za 2013. godinu (11+31), za 2014. godinu (12+5) i
za 2015. godinu (23+10). Rok za odbranu doktorske
disertacije prema starom programu istice 30. septem-
bra 2016. godine.

5. Prednosti studiranja na
Elektrotehnickom fakultetu Univerziteta
u Beogradu

Osnovne prednosti studiranja na Elektrotehnickom
fakultetu Univerziteta u Beogradu odnose se na
mogucnosti ucesca u izradi delova nacionalnih i inter-
nacionalnih projekata i studija, odgovaraju¢oj zastu-
plienosti literature (samo iz oblasti elektroenergetike

7N
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Energetski odsek danas
(od 2013 godine)

» Akademske studije — prva zajedni¢ka + 3 godine
+ 33 obavezna predmeta + 23 izborna kursa

» Master studije — 4 modula i 114 studenta u 2015 godini

* Doktorske studije
+ Elektroenergetski
sistemi
* Energetski pretvaraci

i pogoni

Gogre

Raspodela studenata na

master studijama

=E
mrade i sstemi

# Obnovijivi izvod
energhe

" Razvodna
posirojerija | oprema
Energetska
efikasnost
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Slika 2. Raspodela studenata na modulima iz oblasti energetike

ima viSe od 40 naslova, od kojih je nekoliko objavljeno
od strane renomiranih stranih izdavaca) i moguénosti-
ma zaposlenja (elektroprivredne i elektroprenosne
organizacije, instituti, firme iz oblasti projektovanja i
izvodenja, privatni sektor, industrija, oblast obnovljivih
izvora energije, softversko inZenjerstvo, itd.). Osnovni
nedostatak studiranja na Elektrotehnickom fakultetu u
Beogradu odnosi se na nedovoljan radni prostor koji
Fakultet poseduje u ovom trenutku.

6. Zakljucci

Na osnovu iznetih podataka o Elektrotehnickom
fakultetu Univerziteta u Beogradu mogu se izvesti sle-
dedi zakljucci:

- obrazovni sistem je neophodno stalno osavre-
menjavati sa ciliem uklju¢ivanja nastavnih i
naucnih metoda koji se koriste na prestiznim
univerzitetima u svetu,

- nastava na Elektrotehnickom fakultetu u
Beogradu sadrzi i teorijsku i prakticnu kompone-
ntu,

- naglasak u obrazovanju jeste na zavrsetku osno-
vnih i master studija, odnosno na zavrsetku stu-
dija u ukupnom trajanju od 10 semestara, kao i
u izradi odgovarajucih projekata i studija na dok-
torskim akademskim studijama,

Elektrotehnicki fakultet u Beogradu prati nove tren-
dove i aZurira nastavne programe sa ciliem Skolovanja
inZenjera elektrotehnike i raunarstva za 21. vek.
Pritom je neophodno dobro ovladavanije klasi¢nim dis-
ciplinama koje su, kao takve, neophodne za kompletno
obrazovanje inzenjera elektrotehnike i racunarstva.
Uvodenje novih disciplina zahteva odgovaraju¢u
ravnotezu izmedu obaveznih i izbornih predmeta.

Literatura:

[11 http://www.etf.bg.ac.rs/index.php?option=com
content&task=view&id=1878&ltemid=211

[2] http://www.etf.bg.ac.rs/index.php?option=com
content&task=view&id=71&ltemid=159

[3]1 http://www.etf.bg.ac.rs/index.php?option=com
content&task=view&id=41&ltemid=50

[4] http://www.etf.bg.ac.rs/index.php?option=com
content&task=view&id=66&ltemid=74

[5] http://www.etf.bg.ac.rs/index.php?option=com
content&task=view&id=2050&Itemid=225

Podaci o autoru

dr Zlatan Stojkovi¢, redovni profesor

Prodekan za nauku Elektrotehnickog fakulteta
Univerziteta u Beogradu

Predsednik SK C4 CIGRE - Tehnicke performance EES
E-mail: zstojkovic@etf.rs

web sajt: http://ees.etf.rs
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Skupstina CIGRE Srbija 2016

Redovna SkupStina CIGRE Srbija odrzana je 23. juna 2016. godine u Domu inzenjera ,Nikola Tesla” u
Beogradu. Odziv ¢lanova CIGRE Srbija je bio vrlo skroman (oko 50 prisutnih) u odnosu na aktuelan broj
¢lanova u momentu odrzavanja Skupstine: 145 individualnih i 16 kolektivnih koji mogu da delegiraju po 3
predstavnika. Svi individualni i kolektivni ¢lanovi bili su pozvani slanjem pisanog poziva preko poste, a na
sajtu CIGRE Srbija bili su dostupni i svi materijali.

Na redovnoj Skupstini CIGRE Srbija 2016 razmatrani su i usvojeni sledeci materijali:

Zapisnik sa prethodne Skupstine CIGRE Srbija odrzane 20. maja 2015. godine na Zlatiboru;
- lzveStaj o radu predsednika i IzvrSnog odbora CIGRE Srbija izmedu dve Skupstine;

- lzvestaj o finansijskom poslovanju CIGRE Srbija u 2015. godini;

- Plan Finansijskog poslovanja CIGRE Srbija u 2016. godini;

- Program rada CIGRE Srbija za 2016 - 2017. godinu.

Svi prezentovani materijali su usvojeni bez vece diskusije. NeSto viSe diskusije je bilo oko (ne)odazivanja
CIGRE Srbija, odnosno elektroprivrede Srbije da se predstavi na sajtu medunarodne CIGRE u Parizu i Prvoj
konferenciji regionalne CIGRE (SEERC) koja je odrzana Portorzu - Slovenija od 07. - 08. juna 2016. godine.

Takode je diskutovano o najvi osnivanja sekcije ,mladih” u okviru CIGRE Srbija. Tu se ne misli na neko
institucionalno organizovanje, ve¢ iznalazenje modaliteta da se studentima i mladim inZenjerima elek-
trotehnike omoguci uceSce u stru¢nom radu CIGRE i da se na taj nacin privuku u ¢lanstvo CIGRE. To je prak-
sa medunarodne organizacije CIGRE koju su uveli mnogi nacionalni komiteti u regionu i svetu, kao i neke
druge strukovne asocijacije u nasoj zemlji (npr. ETRAN, TELFOR, itd.).

A\

AWAY
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Diskusija je vodena i oko Programa rada CIGRE Srbija za 2016 - 2017. godinu u delu koji se odnosi na
unapredenje informisanosti ¢lanova CIGRE Srbija. Naime, u nedostatku stru¢nog Casopisa iz oblasti elek-
troenergetike (posle ,gasenja” ¢asopisa ,Elektroprivreda”), pojavili su se predlozi da ¢asopis CISRE, prera-
ste u strucni Casopis. Ipak se na kraju odustalo od te namere, s tim Sto se traZi da CIGRE Srbija kao strukov-
no udruzenje elektroenergeticara kod nadleznih organa i javnih elektroprivrednih preduzecéa podrzi ponov-
no izdavanje Casopisa ,Elektroprivreda”. Dobra je vest da je u meduvremenu Akademija inZenjerskih nauka

Srbije (AINS) pokrenula inicijativu za obnavljanje Casopisa ,Elektroprivreda” uz pomo¢ JP Elektroprivreda
Srbije.

Na kraju treba napomenuti da je na Skupstini CIGRE Srbija 2016 najavljeno da ce se do sledece
SkupStine 2017 raditi na izmenama i dopunama Statuta CIGRE Srbija, narocito u delu koji se odnosi na rad
i clanstvo u Studijskim komitetima.

//\/_\
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IZVESTAJ SA XVII SASTANKA IZVRSNOG
| NADZORNOG ODBORA CIRED SRBIJA

XVII sastanka lzvrSnog i Nadzornog odbora CIRED-SRBIJA odrZan je 05. aprila 2016. godine u prostorijama
bungalova ED Sombor u Somboru. Pre samog sastanka ¢lanovi izvrSnog i nadzornog odbora obisli su grad
Sombor

Na sastanku je jednoglasno usvojen zapisnik sa XVI sastanka IzvrSnog odbora CIRED-SRBIJA, odrzanog
26.09.2015. godine u Novom Sadu. Usvojen je IzveStaj o radu CIRED-SRBIJA za prethodnu 2015. godinu i
IzvesStaj o finansijskim rezultatima i zavr3ni obracun CIRED-SRBIJA za 2015. godinu. Predsednik CIRED Srbija
dr Zoran Simendi¢ ukratko je izvestio da je u Beogradu odrZan sastanak sa predstavnicima CIGRE na kome
je je jednoglasno prihvacena informacija o ¢asopisu CIGRED.

Nakon diskusije o obelezavanju 20 godina rada CIRED Srbije i informacije o odrzavanju 10. savetovanja
donete su sledece odluke:

« jednoglasno je usvojen predlog Izdavanje publikacije povodom 20 godina rada i odrZzavanja 10 jubi-
larnog savetovanja.

+ jednoglasno je usvojeno da se jubilej obelezi putem Vecernjeg koktela sledece godine u oktobru.
+ jednoglasno je usvojen Plan rada CIRED-SRBIJA za 2016.

Predstavnici Agencije BBN i predsednik CIRED Srbija obavestili su prisutne o toku priprema za odrzavan-
je 10. jubilarnog savetovanja CIRED SRBIJA u septembru 2016. godine u Vrnjackoj Banji.
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Congres International des Reseaux Electriques de Distribution
International Conference on Electricity Distribution

CIRED Liaison Committee of Serbia

Secretariat

Elektrovojvodina, Bulevar Oslobodjenja 100

21000 NOVI SAD, Serbia c I R E D
Tel: +381-21-4821-062 /Fax: +381-21-4821-679 Liaison Committee of

SERBIA

10. jubilarno savetovanje
0 elektrodistributivnim mrezama Srbije

VrnjaCka Banja, izmedu 26. i 30. septembra 2016. godine, hotel “Zvezda“

10. jubilarno savetovanje o elektrodistributivnim mrezama Srbije sa regionalnim uces¢em odrzace se, kako

je ve¢ poznato, u Vrnjackoj Banji, izmedu 26. i 30. septembra 2016. godine, u hotelu “Zvezda"“.

Prema dosadasnjim pokazateljima, skup ¢e, sasvim sigurno, ispuniti oCekivanja, ako ne i postaviti neke
nove rekorde. Na prethodnom Savetovanju registrovano je preko 700 uCesnika, dok je procena da je skup
posetilo i do 1000 predstavnika razlicitih organizacija, kompanija i institucija usko povezanih sa oblastima
kojima se Savetovanje bavi, Sto kroz naucne, tako i komercijalne sadrzaje.
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Za predstoje¢u konferenciju prijavljeno je 142 rada, od kojih je 107 radova prihvaéeno da bude objavl-
jeno u Zborniku radova i prezentovano ucesnicima skupa, uz pratece diskusije. 10 jubilarno savetovanje je
prvo savetovanje na kome su nazivi STK usaglaSeni sa nomenklaturom medunarodnog CIRED.

- STK1: KOMPONENTE, predsednik Prof. dr Dragan TASIC, Elektronski fakultet Ni§, prihva¢eno je 27
radova,

- STK 2: KVALITET ELEKTRICNE ENERGIJE | ELEKTROMAGNETNA KOMPATI-BILNOST, predsednik Prof. dr
Vladimir KATIC, Fakultet tehnickih nauka Novi Sad, prihvacena su 22 rada,

- STK 3: UPRAVLJANJE | ZASTITA, predsednik mr Dusan VUKOTIC, EPS Distribucija Beograd, prihvac¢eno
je 16 radova,

- STK 4: DISTIBUIRANA PROIZVODNJA | EFIKASNO KORISCENJE ELEKTRICNE ENERGIJE, predsednik dr
Zeljko POPOVIC, EPS Distribucija, Ogranak ED Subotica, prihva¢ena su 22 rada,

- STK 5: PLANIRANJE DISTRIBUTIVNIH SISTEMA, predsednik Prof. dr Aleksandar JANJIC, Elektronski
fakultet Ni$, prihvaceno je 9 radova,

- STK6: TRZISTE ELEKTRICNE ENERGIJE | DEREGULACIJA, predsednik dr Nenad KATIC, Schneider Electric
DMS Novi Sad, prijavljeno je 6 radova.

| ove godine ¢e se u okviru Savetovanja odrzati Forum na temu Smart Grid-a, Ciji ¢e moderator biti
predsednik Nacionalnog komiteta CIRED Srbija, dr Zoran Simendi¢. U okviru Foruma Smart Grid bice
diskusije na temu 5 radova prijavljenih za ovu aktuelnu temu. Nakon prezentacije pomenutih radova,
odredeni broj kompanija prezentovace svoja iskustva i reSenja na datu temu.

Medu prihvac¢enim radovima autori 82 rada su iz Srbije, dok su autori preostala 23 rada iz Bosne i
Hercegovine, Crne Gore, Madarske, Rumunije, Nemacke i Spanije.

U okviru pratec¢e komecijalne izloZzbe Savetovanja, svoje proizvode i usluge predstaviée viSe od 50 kom-
panija iz zemlje i inostranstva. Do sada je 51 kompanija potvrdilo svoje uce3ée u Programu marketinga,
medu kojima je 5 zlatnih sponzora, kompanije Omicron, Schneider Electric, ABB, Siemens i GE Energy, kao
i 7 velikih sponzora: Weidmuller, ElInos Group, Elektrokoil, Minel Trafo, Institut Mihajlo Pupin, Minel Dinamo
i Meter & Control.

Kada su u pitanju istaknuti predstavnici struke iz regiona kao i Sire, Nacionalni komitet CIRED Srbije
uputio je poziv za gostovanje predsedniku medunarodnog CIRED-a gospodinu Theodoru Connoru, sekre-
taru medunarodnog CIRED-a gospodi Michele Delville i predsednicima Nacionalnih komiteta zemalja iz
okruzenja.

Planira se organizacija tri okrugla stola na teme :
1. “Restrukturiranje elektrodistributivnog sektora u Srbiji”, Andrija VukaSinovic¢
2. “Problematika smanjivanja netehnickih gubitaka (NTG)", Vladimir Siljkut

3. “Pracenje pokazatelja pouzdanosti DEES u ODS EPS Distribucija”, Zeljko Popovi¢, ODS EPS Distribucija
Novi Sad, Aleksandar Krsti¢, ODS EPS Distribucija Nis i Dimitrije Nikolajevi¢, ODS EPS Distribucija,
Beograd

Pored 10 jubilarnog savetovanja o elektrodistributivhim mreZama Srbije, Nacionalni komitet
CIRED SRBIJE 2017. godine obeleZava 20 godina rada. Osnovan je u Novom Sadu 8. oktobra 1997
godine. Doneta je odluka da se krajem sledece 2017. godine svecano obeleZi 20 godina rada i 10 jubi-
larno savetovanje. Povodom jubileja ¢e se izdati odgovarajuca publikacija.
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Gogre

17. SIMPOZIJUM
UPRAVLJANJE | TELEKOMUNIKACIJE
U ELEKTROENERGETSKOM SISTEMU

Vréac, 16.-19. oktobar 2016, hotel “Srbija”

17. Simpozijum “Upravljanje i telekomunikacije u elektroenergetskom sistemu” odrzace se od 16. do 19.
oktobra 2016. godine u Hotelu “Srbija” u VrScu.

Organizatori Simpozijuma su studijski komiteti C2 - Upravljanje i ekspolatacija EES i D2 - Informacioni
sistemi i telekomunikacije CIGRE Srbija.

Ocekuje se da ¢e, kao i ranije, pokrovitelji i sponzori Simpozijuma biti elektroprivredna preduzeca, proiz-
vodaci upravljacke, zastitne i komunikacione opreme, projektantska preduzeca, razvojni instituti i dr.

Tokom dvodnevnog rada Simpozijuma bice prezentovan i diskutovan ukupno 31 prethodno recenziran
rad, prema dole navedenom spisku.
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1. SPISAK PRIHVACENIH RADOVA

STK C2 Upravljanje i eksploatacija EES

5::}' Autori Naziv rada Firma
Analiza promene gubitaka aktivne i reaktivne snage sa
q | Petar Pavlovi¢, Igor Beli¢, promenom napona na konzumu elektrodistributivne EINT
Sasa Minic¢ mreZe Velika Plana sa implementiranim statickim
karakteristikama optereéenja u modelu mreze
E;lfﬂs a%%?/%'ﬂ%'icc' aASﬁp aric Regulacija napona - analiza ispunjenosti zahteva iz Pravila o
2 Dra L ' radu prenosnog sistema i smernice za odabir parametara EINT
gan bordevi¢, Dejan novih agreeata
MiloSevi¢ 5res
3 Nemanja Gak, Problematika visokih vrednosti napona na prostoru JP EMS
SaSa Zdravkovi¢ juga Srbije
Marija Bordevi¢, Stanko
4 Vujnovi¢, Stefan Tirnanic, Procena adekvatnosti prema ENTSO-E metodologiji u JP EMS
Bojan Stamenkovi¢, Andrijana | okviru regionalnih koordinacionih centara SCC
Dalovic
Srdan Suboti¢, Vladimir lli¢ Upravljanje rizikom prekida isporuke JP EMS
Nikola Obradovi¢, Velimir Proracun regulacione rezerve na probabilistickoj JP EMS
NeSi¢, Dusko Tubi¢ 0snovi
Ana Veselinovi¢, Petar Petrovi¢ | “Imbalance Netting” JP EMS
Stanko Jankovi¢, Klaus
Langschied, Ognjen Paleka, Komparativna analiza metodologija za proracuna GOPA
8 | Dusan Bankovi¢, Vladimir struja kratkog spoja saglasno prvom i drugom izdanju P EMS
Barac,Gordana Lukovi¢, Bojana | medunarodnog standarda IEC 60909-0 J
Mihi¢, Borde Golubovic,
Desimir Triji¢, Vladimir Diki¢
- ... | Problem visokih napona u prenosnom sistemu, uzroci,
9 | Petar Petrovi¢, Ana Veselinovi¢ posledice i predlog$e§enjap JP EMS
10 Aleksandar Latinovi¢, Nikola Provera odziva primarne regulacije ucestanosti tokom JP EPS
Obradovi¢, Nikola Luki¢ deterministickih odstupanja ucestanosti
1 \h//llighrpclj:/?é?éer?rwckgﬂgﬁrsnonja, E?girj;aitgr stanja u Nacionalnom dispecerskom centru JP EMS
Duko Aniti¢ J€ I NJEGOVE primene
Uticaj kapitalnih remonta, eksploatacije i uslova rada
12 Milan Bordevi¢, Aleksandar na mogucnosti sinhronih generatora JP EPS u pogledu JP EPS
Latinovi¢, Nikola Luki¢ generisanja/apsorbcije reaktivne snage i regulacije
napona u prenosnoj mrezi Srbije
Sasa Zdravkovi¢, Jovica o _—
13 | Vidakovi¢, Milog Mosurovi¢, I;g)gi 3\831 éﬂ sistema sabirnica 220 kV u TS Obrenovac JP EMS
Dusko Anici¢ T ‘
L . Upravljanje naponsko-reaktivnim prilikama u cilju
14 | Ninel Cukalevski mFi)nim{zagije gEbitaka - moguce re%enje za EES Serije IMP
Milos Stoji¢, Ninel Cukalevski, | Primena merenja faznih uglova u estimaciji stanja u IMP
15 | Jelena Veselinovi¢, Goran okviru rezervnog SCADA/EMS sistema u NDC JPEMS
Jakupovi¢, Igor Bundalo ElektromreZe Srbije
16 S. Krstonijevi¢, N. Cukalevski, Implementacija softverskog paketa za kratkorocnu IMP
P.Luci¢, G.Jakupovi¢ prognozu potrosnje
: 2 o Unapredenje veze za razmenu podataka izmedu
17 g"r'[fi'c,a Burdevi¢, Viadimir SCADA/EMS i SRAAMD sistema u Nacionalnom JP EMS
I dispecerskom centru JP EMS
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STK D2 Informacioni sistemi i telekomunikacije

Ef:j Autori Naziv rada Firma
Jovanka Gajica, Vladimir Celebic, IMP
1 !A\\/r?k?aa}ggé\wcl'le&l;?aFI?AE%II;' Prika; sistema za cent'ralizovano ngcjgledanje Matematicki
Srdan Mitrovi¢, Milan terminala za prenos signala telezastite f?jkllzjll\;gt
Milosavljevi¢, DuSan Maksi¢ J
Vladimir Celebi¢, Anka Kabovic,
2 Milenko Kabivi¢, Jovanka Gajica, | Eternet kao rezervni put za prenos signala IMP
Iva Salom, Srdan Mitrovi¢, Milan | telezastite - rezultati ispitivanja JP EMS
Milosavljevi¢, Dusan Maksic
Udalieni monitoring u realnom vremenu za
3 Vladimir Pustahija, Radojica transformatore i GIS parciialno praznjenje u Energoprojekt
Graovac primarnim trafostanicama - primer iz ENTEL
elektroprivreda zemalja Bliskog istoka
. 2 - Migracija telekomunikacionog sistema sa SDH .
4 gg%&gyr Markovi¢, Radojica na MPLS platformu - primer iz elektroprivreda EnerEg’\cl)ﬁErEJekt
zemalja Bliskog istoka
5 Milos Stankovi¢, Branislav SasSi¢, | Ispitivanje elektromagnetske kompatibilnosti IMP -
Vladimir NeSi¢ RTU/PLC uredaja piko Atlas-RTL Automatika
6 | recragharic Branislavsasic, | ntegracija GNSS i GPRS sa RTU/PLC uredajima |, M7~
Goran Stefanovi¢, Milo$ Stojic, Odredivanje energizovanosti elektroenergetskih
7 Ivana Krsenkovi¢, Goran mreZa u realnom vremenu bazirano na IMP
Jakupovi¢, Ninel Cukalevski topoloskoj analizi
Web aplikacija za daljinski pristup, prikupljanje
8 Nikola Stojakovic¢ podataka i pracenje rada udaljenih inZenjerskih IMP
stanica u elektroenergetici
Iskustva u realizaciji sistema daljinskog nadzora IMP -
9 N. Jemuovi¢, M. Tasi¢, A. Car u nacionalnom distributivnom dispecerskom A .
centru utomatika
., Rizici u IKT projektima za potrebe Energoprojekt
10 Radoslav Rakovi¢ elektroprivrede ENTEL
Radmila Partonji¢, Komunikacija zastitnih releja u okviru standarda
11 Predrag StefancJ)v IEC 61850 ) ) ETF Beograd
. - Modelovanje sistema upravljanja i zaStite
12 é‘lggﬁgsar Marjanovic, Predrag tipicnog visokonaposkog postrojenja prema ETIJ:PBEZASrad
standardu IEC61850 &
13 Sasa Mili¢, Dejan Misovi¢, Nikola | IT koncepcija sistema za detekciju kvara EINT
Miladinovi¢, Aleksandar Zigi¢ Zeleznickih vagona
14 Bojan Milinkovi¢, Jasmina Primena WiMAX tehnologije u srednjenaponskoj |Energoprojekt
* | Mandi¢-Luki¢ distributivnoj mreZi ENTEL

uz zna

2. PROGRAM MARKETINGA

Predvideno je i uklju¢enje marketinskih aktivnosti zainteresovanih sponzora u rad Simpozijuma u formi
tehnicke izlozbe i/ili predavanja.

3. ORGANIZACIONI ODBOR

Simpozijum organizuje Organizacioni odbor u sastavu:

dr Ninel Cukalevski, Institut Mihajlo Pupin, Beograd, predsednik STK C2 CIGRE Srbija, predsednik OO
mr Jovanka Gajica, Institut Mihajlo Pupin, Beograd, predsednik STK D2 CIGRE Srbija, zamenik pred-
sednika OO,

Nada Turudija, JP Elektromreza Srbije, Beograd , ¢lan OO,

mr Danilo Lalovi¢, JP Elektroprivreda Srbije, Beograd, ¢lan OO.

Cajnu podrsku Sekretarijata CIGRE Srbija i kontinualni monitoring od strane IzvrSnog odbora CIGRE Srbija.
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SEEPEX

operator trzista koji upravlja
organizovanim trzistem elektricne energije

SEEPEX a.d. Beograd, u svojstvu operatora trZista upravlja organizovanim trziStem elektricne energije.
Kompanija je osnovana 14. jula 2015. godine kao akcionarsko drustvo nastalo partnerstvom izmedu JP
Elektromreza Srbije - JP EMS (75%) i Evropske berze elektricne energije - EPEX SPOT (25%).

Funkcionisanje SEEPEX oslanjace se na ETS sistem za trgovanje, koji EPEX SPOT koristi za upravljanje radom
svojih trZista. Funkciju kliringa i finansijskog poravnanja ¢e, u skladu sa najboljom evropskom praksom, obavljati
klirinSka kuca ,,European Commodity Clearing” (ESS). Na taj nacin ¢lanovi SEEPEX imaju koristi od uspostavljanja
i primene visokih standarda, kako u smislu usluga trgovanja, tako i u smislu klirinskih usluga.

Formiranje organizovanog trziSta elektricne energije/berze elekticne energije SEEPEX predstavlja klju¢ni korak
u formiranju slobodnog veleprodajnog trzista elektricne energije, obezbedujuci fleksibilne instrumente za efika-
snu, transparentnu i sigurnu trgovinu standardizovanim proizvodima. Znacaj razvoja organizovanog trzista se
reflektuje kako na sam razvoj trzista elektricne energije u Srbiji i regionu, tako i na samu privredu Srbije kroz
poboljSanje uslova za donoSenje investicionih odluka.

Benefiti koje donosi formiranje SEEPEX na razvoj trziSta elektri¢ne energije u Srbiji i regionu se ogleda kroz:

- dobijanje novog proizvoda,

- harmonizovanje procesa trgovine kao i kliringa na organizovanom trzistu u skladu sa najboljom evrop-

skom praksom,

- transparentan mehanizam formiranja cene,

- dobijanje i objavljivanje referentne cene,

- finansijsku sigurnost transakcija zaklju€enih na organizovanom trzistu kroz centralizovani postupak klirin-

ga i finansijskog poravnanja,

- pospeSivanje konkurencije.

Razvoj SEEPEX koji vodi uspostavljanju efikasnog i likvidnog veleprodajnog trzista je preduslov za uspostavlja-
nje konkurentnog maloprodajnog trzista, a samim tim to ¢e predstavljati veliki benefit za krajnjeg kupca.

Na organizovanom trziStu elektricne energije mogu da ucestvuju domace i strane kompanije koje poseduju
validnu licencu izdatu od Agencije za energetiku Srbije. Strane kompanije moraju da poseduju licencu za snab-
devanje na veliko elektricnom energijom, dok domace moraju da poseduju jednu od slededih licenci: licencu za
snabdevanje na veliko, licencu za snabdevanje ili licencu za proizvodnju elektri¢ne energije. Kao domadi ucesnik
moZze se pojaviti i krajnji kupac koji kupuje elektricnu energiju za svoje potrebe (kao Sto su npr. industrijski potro-
saci, TSO, DSO).

Nakon Cetiri i po meseca rada moguce je dati prvi pregled ostvarenih rezultata. Dosadasnji rad je pokazao da
je odabrani poslovni model uspeSno implementiran. SEEPEX organizuje dnevne aukcije 7 dana u nedelji. UCesnici
na organizovanom trzistu 3alju svoje ponude za kupovinu i prodaju preko SEPEX ETS platforme za trgovinu
(pocev od 45 dana unapred, do 10:15 ¢asova u danu D-1). Knjiga ponuda se zatvara u 10:15 ¢asova i rezultati se
objavljuju do 10:30. Informacija o trgovini se odmah 3alje ECC radi obavljanja poslova kliringa. Pre 14:00 asova
u danu D-1 ECC 3alje vozni red EMS, a posle 16:00 ¢asova informaciju o poravnanju svim kliring clanovima. Kliring
¢lanovi salju informaciju o poravnanju ucesnicima na organizovanom trzistu (preko njihovih odgovarajucih age-
nata za poravnanje) i pla¢anje se vrsi do 15:00 casova u danu isporuke D. Na SEEPEX se trguje satnim produktom,
a trgovina se obavlja u evrima. TSO je odgovoran za fizicku isporuku (00:00 - 24:00 u danu D). Kako bi bili u
moguénosti da se registruju na SEEPEX, ucesnici prvo moraju imati reSeno pitanje balansne odgovornosti sa
EMS-om i potpisati odgovarajuce ugovore sa ECC i SEEPEX.
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SEEPEX Biznis Model

Pra 10:30 (D-1) CLEARING HOUSE
raxultati
\ Informacija o trgovini [ \
SEEPEX ¥ ECC
[ 3 Poravnanje
1:18-10:30 (D-1)
rezultad
18:00 (D-1)
Porawranjs
Trgovina R
: Plan Rada
18:00 (D) Platanjs
Pre 14:00 (D-1)
Pra 10:18 (D-1) Blarja plana rada
perae Poravnanje hcn
W Y
& B TRANSMISSION
UCESNICI lansna P SYSTEM
Tl OPERATOR (TSO)
00:00-24:00 (D0
== || =>"EMC

Slika 1. SEEPEX biznis model

SEEPEX je sa operativni radom poceo 17.februara 2016 sa 5 ¢lanova. Pocetni broj ¢lanova porastao je na 10,
a do kraja godine se ocekuje barem oko 20 ¢lanova. Trenutno je oko 10 ¢lanova u procesu registracije na srpskom
trziStu elektrine energije. Na slici 2 je prikazan rast ¢lanstva na SEEPEX tokom prvih pet meseci.

SEE PE‘X membership

FEB MAR APR MAY JUN
Slika 2. SEEPEX élanstvo
Ako se uporede cene postignute na SEEPEX sa ostalim berzama, moze se zakljuciti da one u potpunosti
prate kretanje cena u ostalim trziSnim oblastima, ¢ime se pokazuje ispravnost primenjenog modela i oprav-

danost uspostavljanja organizovanog trzista elektri¢ne energije u Srbiji. MoZe se zakljuciti da cena dobijena
na ovako organizovanom trZistu u potpunosti predstavlja referentnu cenu.
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Poredenje Baznih Cena 18. Februar — 30. Jun

SEEPEX HUFL  —OPLOMW EEn LRI aTE GEraT

Slika 3. Cene na SEEPEX uporedno sa evropskim organizovanim trzistima

Koli¢ina trgovanja gledano od pocetka operativnog rada SEEPEX pokazuje trend rasta Sto je ohrabrujuce
i Sto potvrduje da implementirani poslovni model dobro funkcioniSe. Konstantno povecanje broja ucesnika
dovodi i do povecanja likvidnosti organizovanog trzista, a time i do realnije referentne cene. Na slici 4 su
dati rezultati sumarnih koli¢ina trgovanja i prosecenih cena ostvarenih od pocetka rada.

397TLS
34035.5

Slika 4. Koli¢ine i cene na SEEPEX ostvarene u prva ¢etiri meseca trgovine

U skladu sa evropskim ciljanim modelom za uspostavljanje unutrasnjeg trzista elektricne energije Srbija
Ce se spojiti sa svojim susedima. Polozaj Srbije je interesantan u regionalnoj perspektivi zbog veoma aktivne
prekogranicne trgovine. Spajanje trziSta ¢e podstadi razvoj organizovanog trzista Sto ¢e takoder doneti
benefite u€esnicima.

Spajanje trzista bi trebalo da bude izvrSeno putem ETS trgovinske platforme poSto je ona ve¢ u skladu
sa zahtevima koje PCR (algoritam za spajanje trziSta) nalaze - zahvaljujudi iskustvu EPEX SPOT pri spajanju
trzista. Spajnje naseg trzista sa 4MMC inicijativom (spojena trzista Ceske, Slovacke, Madarske i Rumunije)
trebalo bi da bude logic¢an korak u bliskoj budu¢nosti.

Autori:
Dejan Stojcevski,dipl.inZ
Aleksandar Petkovi¢,dipl.inz
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SUMMARY

The paper discusses a solution that facilitates an improved functionality of the Coordinated Reactive Power
- Voltage Controller (CQVC), used for coordinated control of voltage (V) and reactive power (Q) at the power
plant that enables Transmission System Operator (TSO) real time insight into the power plant contribution
to voltage ancillary service. The main CQVC role is to perform slow HV busbar voltage control by automatic
adjustment and sharing of Q among generators. Additionally, the CQVC also performs the following func-
tions in real time: i) calculates total minimum and maximum reactive power available at the power plant, ii)
monitors power plant reactive power output, iii) calculates dynamic reactive reserves of each generator and
power plant as a whole, iv) determines the price region that each generator operates within. All these data
the CQVC communicates to TSO thus enabling the realistic recognition of each generator/power plant con-
tribution (participation) to voltage control and also enabling the system voltage stability reserve evaluation.
The goal is to provide TSO data that will allow adequate reactive power reserve management and, at the
same time, maximize benefits to society at large by fare reactive power pricing. The proposed solution addi-
tionally enables control and monitoring of busbar voltage of any local voltage control area.

KEYWORDS
Generator reactive capability, P-Q diagram, Coordinated reactive power-voltage controller, Reactive power
cost.

jasna.dragosavac@ieent.org.
1. INTRODUCTION

Deregulation of electrical energy market, large applications of smart control laws, a significant impact of
distributed generators and the rapid development of powerful communication networks, which horizontal-
ly and vertically bound all participants of unified power system frame, have influenced the changes in wor-
king conditions and created new opportunities in all aspects, including power system control. If solely the
power system voltage (V) and reactive power (Q) flows are considered, it can be observed that there are
intensive fluctuations in voltage levels and reactive power demand during different seasons and during the
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day. Transmission System Operator (TSO) needs to procure and dispatch reactive power in the most effi-
cient way in order to facilitate more transactions over the power network. For dealing with these conditions
the TSO operates according to the following rules and recommendations: the National Grid Code, algo-
rithms and devices for power system monitoring and control and the reactive power pricing methodology
[11, [2]. Development of smart control and telecommunications enabled the development and application
of devices which can perform real time control and monitoring of voltages and delivered reactive power
from power plants. Furthermore, current recommendations of ENTSO-E's working group state that capital
cost and available amount of capacity have to be compensated in order to stimulate large participants to
provide voltage ancillary services [3].

Coordinated Q-V Controller (CQVC), for automation of reactive power allocation among synchronous gene-
rators (SG) in power plant, has been recently installed in two largest steam power plants in Serbia. The
CQVC represents a new level of SG/power plant and power system coupling. The CQVC operates with HV
busbars and SG terminal voltage measurements, and HV and SG terminal real (P) and reactive (Q) power
measurements. Based on these measurements the equivalent Thevenin reactance of network connected
to the HV busbars is estimated and used in control algorithm. The allocation of Q among SGs is performed
regarding composite limits imposed on SG's capability curve by underexcitation (UEL) protection and limi-
ters, overexcitation (OEL) and overcurrent (OCL) limiter, overvoltage protection and terminal voltage opera-
ting limits (£5% of rated value) [4]. The result is that uniform reactive power reserve is achieved at all the
generators in the power plant. The maximum and minimum Qs (for actual SG's operating point) are calcu-
lated using multi-parameter function which takes into account available range both Q and terminal voltage.
The control algorithm ensures that all generators move simultaneously towards, and reach at the same
time, their respective limits when the bus switches from P-V to P-Q type [5], [6] and [7].

The information of the utmost importance for the TSO is minimum and maximum reactive power available
at power plant busbars as well as the dynamic reactive reserves of each generator and power plant. At pre-
sent this information is both, requested by TSO when needed and the Q set point is communicated to the
plant by phone.

This paper describes the methodology for application of CQVC for real-time monitoring of: i) the actual avai-
lable reactive power at the SG's terminals at given operating point, ii) the available dynamic reactive power
reserve and iii) the range of cost of reactive power production.

2. THE NEED FOR MONITORING AVAILABLE REACTIVE POWER

The disproportion between Grid Code requirements and voltage control capability of existing SGs and
strong feedback influence of network conditions on SG's operating limits are the main reasons for monito-
ring the reactive power operating range in real time. In [8] it is suggested that qualitative comparison of
costs and benefits shall be performed related to the application of requirements to existing power genera-
ting modules taking into account network-based, market-based or socio- economic benefits.

The disproportion between Grid Code requirements [9] and voltage control capability of existing SGs is illu-
strated in Fig. 1 for case of unit A1 and in Fig. 2 for unit A6 at Steam Power Plant (SPP) TENT A. The Grid
Code states that SG must be capable of performing voltage control permanently within the range outlined
with thick dashed (brown) line in Fig. 1, for the normal voltage range at the point of common coupling (PCC)
of the plant. This control should be possible regardless of plant’s participation in the primary and seconda-
ry control [9], where V is voltage of the transmission grid at

the PCC and cos(phi) is power factor at the PCC. The main constraints for generating or absorbing reactive
power are set by capability curve (Fig.3 and Fig. 4) and by request that the generator terminal voltage
should not exceed * 5% of rated value. When the generator capability curve is plotted in V- cos(phi) plane
the resulting achievable voltage control region of SGs in SPP TENT A is outlined with thin solid (blue) and
dash-dot (red) lines in the figure. The disproportion between existing SG capability and Grid Code require-
ments is noticeable. The Grid Code defines obligatory requirements for connection of new power plants
while the existing plants are required to deliver their updated capabilities, even though there is no strict
requirement for compliance with Grid Code for the plants that had been connected to the transmission
system before the Grid Code was released.
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Fig. 1 The disproportion between Grid Code and voltage control capability of existing SGs in SPP TENT-A, units

A1 (connected to 220 kV bus) and A6 (connected to 400 kV bus). The Grid Code requirement - thick dashed
(brown) line, existing generator capability solid (blue) and dash-dot (red) lines
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Fig. 2 SPP TENT-A single line diagram
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Fig 3 Synchronous generators’ P-Q diagrams for units A1 to A6 in SPP TENT-A. For generators A4 and A5 price
related zones of P-Q diagram are suggested. Slow acting reactive capability thick - pink line, UEL - purple line,
underextion protection - red line
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Fig. 4 Generator reactive power capability: green area - generator capability determined by generator
PQ diagram; blue area - generator capability when VpPCC=220kV; purple area - generator capability
when Vpcc=235kV (different from rated value)
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The reason for further reactive power capability reduction is feedback effect of network voltage on the avai-
lable reactive capability. The reactive power flow through step-up transformer is determined by voltage dif-
ference between the generator’s terminals and PCC, and step-up transformer reactance (if P and Q are
treated separately). The + 5% of rated voltage value could be reached with reactive power “bottled” in gene-
rator. Fig. 4 shows the available reactive power range for generators A4 and A5 for different network volta-
ges. The generator minimum capacity is limited by terminal voltage limit of

0.95 p.u., which is far from generator stability or thermal limitations, thus the step-up transformers of gene-
rators A3, A5 and A6 are equipped with tap changers (TC) to ensure better use/regulation of Q at different
voltage levels. The Serbian power system is characterized by extremely high voltages during the night due
to high Q in-feed from interconnection with neighbouring systems. During the winter the voltages tend to
be low during the day so there are opposite demands on TC. The actions on TC are supposed to be under-
taken in periods non shorter than 2 months (the step-up transformer needs to be unloaded). Even with the
newest generation of on-load tap changers, which are claimed to be more reliable, it has to be taken into
account that step-up transformer maintenance is longer and more expensive with each tap change. The
consequence is that the generator capability needs to be monitored in a real time since it can vary signifi-
cantly based on numerous factors [10].

In the most events the generator cannot fulfil the required reactive contribution to transmission network
as it is required by Grid Code. Most of the generators during summer can be necessarily derated because
of high ambient temperatures. Communicating changes of generator reactive capability limits in a timely
and accurate manner can help TSOs to have an insight into Q reserve of the system [2]. The MVAr/voltage
capability of each generator or group of generators therefore should be monitored. Further, the operators
shall be provided with on-line indications of available reactive capability from each group of generators and
reactive power/voltage margin.

Massive outages experienced in last 20 years in the world [11] are reported to be caused by long term
(seconds to minutes order) voltage instabilities. Thus of primary interest is continuous voltage control
which should keep voltage profile flat to the extent possible by maximizing of reactive power reserve.
Reactive power outputs of generators are good indicator for voltage security, as far as angle stability is not
an issue. The following ranges/limitations have been reported to be of interest:

« Fast acting Q ranges/limits which are available for transients compensation. Voltage level is defined by
synchronous generator voltage protection (1.2 p.u. for 5s, 1.25 p.u. for 0.5s). Synchronous generator
rotor limits activation results in rotor current control. Limit is defined by rotor current limit and as short
term overload ability of up to 200% for 10s [12] is permitted.

+ Q ranges/limits available for long term slow voltage variations. For generators used with step-up trans-
formers and unit auxiliary transformers, the useful MVAr operating range should be considered because
the entire MVAr operating range may not be available due to voltage range limitations [2]. Concerning
variations from rated voltage, the generators shall

be thermally capable of continuous operation within the limits of their reactive capability curves for the vol-
tage range of +5% about the rated voltage. As operating point moves away from rated voltage the tempe-
rature rise occurs. Continuous operation near limits may cause premature insulation ageing (two to six
times faster [13] than at rated voltage). In order to avoid unnecessary generator temperature increase the
available reactive power range with respect to generator terminal voltage should be calculated and supe-
rimposed on capability curve.

By communicating these limits in real time to TSO, they will have the relevant set of data from power plant
for system wide voltage/reactive power control. Therefore, the TSO should be capable to monitor the avai-
lable reactive power operating range in real time and incorporate it into software for System Stability and
Optimal Power Flow calculation to ensure safe, secure and economical operation of the system.
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3. MEASUREMENT OF AVAILABLE REACTIVE POWER RESERVE

All existing plants have control systems managing their generating processes. Programmable Logic
Controllers (PLC) are present across sites providing and supporting continuous, semi-continuous or batch
processes. Distributed Control Systems (DCS) combine local processes into the unit sequencing and moni-
toring. However, there is still a lack of integration of local control systems dedicated to power plant unit
processes into an overarching real-time optimisation and scheduling system controlling and monitoring the
operations of the whole plant. The DCS at plant level performs: data exchange with higher (control center)
and lower control levels, communication with devices at the function areas level, selection of the control
place/mode, control of power plant common equipment (switch yard control, station service electrical
systems control), data archival, external time synchronizing. This plant integration is especially challenging
for unifying all power plant units in “the virtual plant unit” thus controlling the power plant as a single power
unit.

In order to enable the joint operation the coordinated reactive power voltage controller (CQVC) maintains
the Q-V characteristic at PCC. It operates with reference voltage value at PCC and reactive power slope value
and calculates, for existing network conditions, required reactive power that should be fed at PCC. The allo-
cation of reactive power is based on maximization of reactive power reserve at PCC. The algorithm combi-
nes different criteria including the voltage at generator’s terminals, thermal and stability limits of generator
with step-up transformers and additional operating limits, ensuring that units can release maximal support
to the system.

For purpose of SG's reactive power reserve measurements the appropriate algorithm is implemented in
CQVC, the flow chart is shown in Fig. 5 [5], [6] and [7]. After commissioning the CQVC the TSO demanded
that output of this algorithm should be communicated to control centre in real time. At this point in time
the following data (given in blue colour in Fig. 5) are communicated to TSO [14]: i) maximal and minimal
available reactive power for slow voltage variations at PCC (detail 1 in Fig.6); ii) generated Q of individual
generators (detail 2 in Fig.6); iii) individual generator and total Q reserve used (detail 3 in Fig.6) with respect
to slow voltage variations.

Additional information however, should be added to this set of data. For fast voltage variations the gene-
rator’s response is restricted by excitation system limiters (over/under excitation limiter, overcurrent limi-
ter). Those limiters are positioned according to generators capability curve [2] and operating limits (most
often induced by equipment ageing or some equipment malfunction that could be tolerated for certain
time period for example until the scheduled maintenance occurs). Since they are dependent on generated
real power, these limits should be communicated to TSO in real time, too. When excitation limiters are acti-
vated the rotor current is kept at maximal safe value for certain time period [12]. The reactive power level,
however, is delivered to the system as constant value, not intended to perform voltage control and only
prevents overheating of certain parts of the generator. The generator is therefore seen as not giving any
support to the system voltage control and its reserve is seen as effectively being zero [2]. This information
however could be a very important for TSO to

prevent large and important units operating at suboptimal level that ultimately could lead to voltage col-
lapse.

The optimal support to the system does not provide optimal temperature allocation among the generators.
Larger P output results in larger Q and higher temperatures [14] since equal reactive load coefficient is cal-
culated on full reactive range (negative reactive power has been taken into account). Power plant depreca-
tes these additional losses and suggests additional reimbursement. Losses price regions could be determi-
ned and communicated to TSO, see Fig. 3 and Fig. 7.
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Fig. 6 CQVC operator terminal

At the beginning (grey area in Fig. 5) algorithm checks the status of the power units (connected to the grid
or not) and the number of units connected to the grid. Afterwards it branches out into three directions,
measuring the fast acting reactive power reserve at generator terminals (green area in Fig.

5) and slow acting reactive power reserve at generator terminals (pink area in Fig. 5) and PCC (yellow area
in Fig. 5). Fast acting reserve is determined by UEL, lower limit, and OEL and OCL, as upper boundary. Those
boundaries vary with real power and voltage:

Oimin fust = Qimin by UEL settings for actual £, and ¥/, (1)
Oimax_fast = Qimax bY Min(OEL and OCL settings for actual 7, and V) (2)

where Qijmin/max_dyn is minimal/maximal reactive power available at generator i for fast acting voltage
control, Qimin/max minimal/maximal reactive power available at generator i by certain criteria, Pj, V¢ gene-
rator / generated real power and voltage at generator terminals. They are calculated accurately by actual
measurements and limiters characteristics. They should be accessible in real time to the power system to
provide maximal support for short term transients. The data format should be adjusted to power system
stability estimation software available to TSO.

Slow acting reserve is more restrictive. In order to maximize it close cooperation, extensive exchange of
information and clear recognition of interest of each participant are needed. Operation mode (voltage con-
trol or limiter activation mode), minimal and maximal reactive power which ensures generators operation
in accordance with [4], reactive power in-feed at PCC (if measurements at PCC are not available, unit's reac-
tive power consumption, step-up transformer and line losses should be subtracted from the generated
reactive power) gives full set of information needed for system control. These data should be adjusted to
format requested by power system stability software and power system optimal operation software (diffe-
rent optimization criteria or market demand, 15 minute ahead forecast). Slow acting Q reserve Qj
min/max_slow at generator terminals are given by (3) and (4)
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Slow acting Q reserve Qj PCCmin/max_slow is either measured at PCC or calculated from terminal measure-
ments by subtracting losses Q; [ 0ss from generator terminals to PCC i.e. auxiliary equipment consumption,
step-up transformer losses, line losses, (5) and (6):

Qa’ PCCmin slow — Qf'min slow _Qr' LOSS (")
Q:’ PCCmax slow — Qa' max_ slow _Qr' LOSS (6)

The maximum Q reserve (uniformly distributed among the plant generators) and updated Q limits of each
generator (considering actual generated active power and network voltage) are the best support that
power plant can provide to the power system regarding operation and stability of power system. These
power plant data allow TSO to run power system optimally, safely and reliably. The next step is to allow TSO
an insight into power plant additional costs related to Q generation. This is facilitated by basic CQVC ope-
ration leading to equal use of percentage of the available Q of each SG involved. The influence of generated
active power and plant’s busbar voltage on reactive power limits is taken into account in real time.

The proposed algorithm is installed at CQVC which provides maximum voltage support from power plant
to power system. The shortcoming of this t ype of Q allocation among generators in the plant is non-uni-
form distribution of temperatures across generators which are differently loaded. Thus, in deregulated
environment, the plants are forced to operate in a manner which ensures maximization of equipment’s
operating life and costs minimization. The solution is in the good price policy which recognizes reactive
power as a market good.

4. COST OF REACTIVE POWER GENERATION AND ACHIEVABLE PRICE

The costs of reactive power generation are divided into capital costs and Q generation costs. The capital
costs, including the capacity cost, are aggregated in cost coefficients C1, Fig. 4. [15], [16]. This cost should
be reimbursed to energy producer irrespectively weather the TSO uses the voltage ancillary service or not.
The several production costs are strongly related to Q generation and thus should be directly linked with
generated MVAr.

Region 1 is where in-feed of reactive power from generator to PCC is equal or less than zero. Certain gene-
rator should not be additionally reimbursed for additional costs because it does not supply any Q to the
system although it participates in voltage control. Region 2 is associated with additional heating and lowe-
ring of operational exploitation life [14]. The reactive power is delivered to the system, voltage support is
performed, the fuel price is negligible so the generator owner should be compensated for accelerated
aging. In region 3, Q generation is enabled by generators who missed the opportunity to sell real power.
The expenses of Q generation in this region are undisputed. Region 4 is connected with absorption of
excess Q from power system and again additional localized heating.

The operating SG's regions and associated price coefficient in real time can be communicated to TSO
by CQVC, see Fig. 5. To make the proper valorisation of reactive power generated by SG it is
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necessary to have real time information about SG's operating region depicted in Fig. 7 and facilitated by
CQVC operation and measurements. These costs should be corrected considering power plant location in
the system and losses associated with local (plant) Q requirement due to real power transfer through the
system. Finally the market coefficient that reflects actual offer/demand conditions can be applied to finely
tune the reactive power price.

In addition, [17] suggests payment according reactive power and voltage availability. This also could be per-
formed by CQVC as plant integrating device, regarding variables of interests for network voltage support as
the ancillary service. Q allocation among generators in the power plant is already inherentl y performed by
CQVC by appropriate weighting across available range of voltage and reactive power reserve. Hence CQVC
could be used as new voltage ancillary service meter.
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Fig. 7 Reactive power production cost regions considering generator capability

5. CONCLUSIONS

The smart control devices in power plants allow integration of opposite requirements into unique control
algorithm. These advantages, combined with market impact and strong communication connecting all par-
ticipants, enable qualitatively new approach to power system voltage and reactive power flow control. The
proper validation and pricing of ancillary services, as it is the reactive power production, is of utmost impor-
tance to secure the power system operational security and the proper availability of reactive power.

This paper proposes and discusses the algorithm for real time monitoring of reactive power reserve of
synchronous generators. The algorithm is implemented in CQVC that has been installed in the two largest
steam power plants in Serbia in 2011. The CQVC offers the variety of additional functions that power plant,
power system and finally power consumers could benefit from including more uniform ageing of genera-
tors, better HV busbar voltage control, uniform reactive power allocation and assessment of costs of reac-
tive power deployment. Finally, it is worth emphasising that the CQVC concept is equally applicable to con-
trol and monitoring of group of distributed generators or any type of renewable power sources connected
to local voltage control area.
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SUMMARY

In coordination with ENTSO-E and Energy Community, the balancing market with exchange of reserves is
developed in SEE region. The first step in development of balancing market implemented within SMM con-
trol block is tertiary (replacement) reserve trade. In this paper authors will present current implementation
of reserve trading within SMM (Serbia, Macedonia, Montenegro) ENTSO-E control block, and also the plans
for future development of reserve trading system within the control block. Authors will present both prin-
ciples of replacement reserve trading within the software support for replacement reserve trading imple-
mented within SMM LFC block controller system in Serbian National Control Center (Serbian TSO is a block
coordinator). At the end of paper the authors will briefly present ongoing activities and future plans for fur-
ther implementation of reserve trading, including the secondary reserve trading.

KEYWORDS
Reserve trading, ENTSO-E control block, software implementation

1. INTRODUCTION

During the last two decades the European energy sector passed through a lot of changes. Unbundling and
the permanent development of the European energy market raised, among the others, the question of
cross border exchange of reserves. The problem is difficult and still not completely solved. If someone
wants to exchange the energy across the border between two TSOs, he will need free cross-border capacity
on the connecting tie-lines. When purchasing reserve TSO wants to have full access to the reserve during
the whole period of the contract validity. Consequently, if TSO wants to buy for example a tertiary reserve
in the neighbouring country it has to reserve cross border capacity in the amount of purchased reserve.
That means that the reserved capacity will remain unused, except for the periods when the reserve is acti-
vated. And that could or could not happen. On the congested borders that mean that the capacity available
for the market will be additionally reduced because of the possible exchange of reserve that could or could
not happened. The result is that, at the moment, European TSOs does not exchange large amount of
reserves.
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The exchange a primary reserve is most developed one, since energy activated in primary reserve uses
Transmission Reliability Margin (TRM) between two TSOs and not the cross-border available capacity. In a way GCC
(Grid Control Calculation) is a kind of cross-border exchange of secondary reserve. But even in GCC, real-time
exchange programs between two TSOs could be established only if there is available transmission capacity.

One of the main tasks of the most important European energy organizations (ENTSO-E, ACER...) is a constant
development of the European energy market. And as a part of this task is a development and increase of cross-
border exchange of reserves. Future introduction of Network Codes should incentivize TSOs to develop the pro-
cedures in order to exchange the active power reserves.

2. RESERVE TRADE IN SMM BLOCK

Serbian TSO, JP EMS, is responsible for the operation of the transmission network in Serbia. JP EMS has to closely
follow the European rules of network operation, since the Serbian network is an integral part of the interconnec-
tion Continental Europe and JP EMS is a member of ENTSO-e. According to that rules, TSOs are allowed to fulfil
some obligations together if they create a Control Block (CB). At the beginning of the last decade of the previous
century JP EMS, together with MEPSO (FYR Macedonia TSO) and CGES (Montenegrin TSO), created a control block
(JIEL). In 2007 the block has been reorganized and named SMM (Serbia, Macedonia and Montenegro).

Few years ago, SMM CB members decided to prepare for the period when Network codes will become opera-
tional and to explore possible benefits. The most obvious one was the fact that the amount of necessary active
power reserves will in the future be calculated on the control block level. That means that each control block
member will be able to reduce the purchased amount of reserves and consequently reduce costs. The prereg-
uisite is, of course, the opening of possibility for SMM CB TSOs to exchange the reserves among them. If TSOs
decides to calculate the amount of necessary reserve on the level of control block, then the whole amount of the
reserve should be available for each TSO all the time.

The work has started in 2014, and in April 2015 PE EMS and CGES signed the contract about cross border
exchange of tertiary reserves. For the time being, MEPSO does not participate in the exchange of tertiary reserve
due to some regulatory problems. It is expected that MEPSO is going to solve problems and sign the contract
with CGES and JP EMS until the end of 2016.

Since the contract between PE EMS and CGES is just the first step, two TSOs are now able to exchange just their
surpluses of tertiary reserve. The precondition is that there is enough available transmission capacity between
Serbia and Montenegro, what is usually the case.

During the preparations for the implementation of the contract, PE EMS has fully automatized the process of
activation of cross-border exchange of reserve. The software that reduces the effort of dispatchers and the pos-
sibility of error has been developed and LFC program has been modified accordingly.

3. LFC/SMM CONTROL SYSTEM

When, at the end of 2007, Serbian TSO have taken over the coordination of joint billing and control block of
Electric Power Industries of Serbia, Montenegro and Macedonia (ENTSO-E SMM control block) new control sys-
tem with new software organization and functions were introduced as described in [1, 2].

Major functions of this control system are:

« Simultaneous calculation of area control errors (ACE's) for all members of SMM block (Serbia, Macedonia
and Montenegro) and for a SMM block as a whole.

« Tracking interchange, compensation and frequency schedules for all block members.

« Tracking of all relevant data for control block performance assessment and billing calculation (performed
by integrated energy accounting system). Those data are retrieved from ETSO scheduling and Market
Management System via Serbian TSO Energy Accounting System.

+ Providing all data to be sent to ENTSO-E Energy Awareness System (EAS).

¢\,—CI®REp GODINA 11/ BROJ 3 / JANUAR - JUN 2016 33



strucni rad

Provides interfaces with SCADA/EMS system and other relevant information systems in Serbian TSO.
Provides user interfaces for control block operators.

It also interfaces, indirectly through SCADA/EMS system, with other block members control centres by
using IEC 60870-6 TASE2 (ICCP) protocol.

SMM LFC block controller does not perform direct control of regulating units (sending raise/lower pulses)
but relies on individual member TSO's SCADA/EMS system to perform these actions instead.

The SMM block controller is directly coupled and share same configuration database with the AGC controller for
Serbian TSO which provides functions like:

All standard AGC functions:

- Unit control module (which may be set point or raise-lower pulse based)

- Independent ACE calculation, in addition to ACE calculation performed by block controller.
- Proportional-Integral (Pl) control module

- Alarm processing and generation, etc.

Control performance assessment, including calculation, tracking of frequency quality indices.
Primary, secondary and tertiary reserve tracking, evaluation and reporting.

Scheduling functions and related schedule database are expanded in order to support reserve scheduling
and modelling.

Database and software support for reserve sharing and market functions.

Virtual tie-lines and virtual generation are now supported (but still not used, except experimentally, since
those are intended for future reserve and control sharing in line with future market rules).

Figure 1 describes architecture of SCADA/EMS elements related to AGC/Block controller operation. Other
SCADA/EMS elements are not shown.
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Figure 1 Overview of SMM LFC block controller system architecture
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AGC and block controller use dedicated database server for configuration, model and scheduling data,
where AGC/block controller scheduling module interfaces with external Energy Accounting System (EAC),
ETSO Scheduling System (ESS) and Market Management System (MMS). Those external information sys-
tems are source of scheduling data in normal real-time operation. In case of failure scheduling data may
be entered manually by operator via dedicated user interface. All retrieved (or manually entered) schedul-
ing data are stored in relational database, from where they can be accessed by other software modules.

Real-time AGC control, SMM LFC block controller, performance tracking and reserve monitoring modules
are installed at dual redundant SCADA/EMS servers, and are directly coupled with SCADA kernel. They (par-
ticularly performance tracking and reserve monitoring modules) also interface with historical database
(HIS) on historical data archival server, from where they obtain data needed for performance calculations
and similar tasks.

All servers are using 64-bit Linux OS (Centos 6.x), which is chosen in preference to Microsoft Windows due
expected better stability and shorter interruptions of service, open-source model which enables system devel-
opers to, for example, access driver sources and identify, debug and even correct some problems without wait-
ing for driver vendor to provide solutions. Particular Linux distribution (Centos 6.x) was chosen because it is
based on, and 100% compatible with, Red Hat Enterprise Linux which is perceived as extremely stable and
“industrial grade”. All server applications (AGC, block controller, SCADA, network applications) are developed
using programing languages C and C++. HMI applications are developed using Java 1.7 and C++ with Qt 4.x cross-
platform framework. Java and Qt are chosen for development of HMI in order to provide cross-platform compat-
ibility and easy porting to both Linux and Windows. In standard configuration all operator stations (not shown at
figure 1.) are Microsoft Windows based. Such configuration enables operators to use at same station both
SCADA/EMS HMI and standard Office and other tools they are familiar with.

4. ACTIVATION OF TERIARY RESERVE OFFERS

PE EMS has developed a software application that helps dispatchers during the process of cross border
activation of tertiary reserve. It also automatize of preparation of PE EMS tertiary reserve offers and their
sending to CGES.

On the day D, at 16:00 application sends a tertiary reserve offer to CGES for the whole day D+1. This offer
is just indicative and can be changed 30 min before the beginning of the hour. So, the offer for the available
tertiary reserve between 12:00 and 13:00 can be modified until 11:30. After 11:30 that offer becomes
mandatory

When PE EMS decides to activate tertiary reserve in Montenegro, the procedure starts with phone conver-
sation of two TSOs dispatchers. Then PE EMS dispatcher enters the transaction data into the dedicated
application. Application checks are the entered values complaint with the offer and if the total energy
exchanged during the hour is a whole number. If everything is good, application creates Reserve activation
request in PDF format and CSV file with the data that describes the activated tertiary reserve. Those two
documents are automatically sent to CGES and to a number of predefined e-mail addresses.

CGES dispatcher signs the Reserve activation request and sends it back PE EMS. He also sends files in PDF
and CSV format. PE EMS software imports data from CSV file. After that everything is ready for the activa-
tion of the tertiary reserve. With one push of the button, PE EMS dispatcher activates the tertiary reserve.
Application sends the information about the activated reserve to the predefined mailing list. It also sends
the change of the exchange program to the PE EMS accounting EAS database. From EAS database the new
exchange program is sent to SCADA/EMS system and AGC application.

If CGES activates the reserve in Serbia, the procedure is similar. CGES sends to PE EMS PDF and CSV files
and PE EMS application import data from CSV file. Application sends the information about the activated
reserve to the predefined mailing list and to the EAS database.
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5. IMPLEMENTATION OF TERTIARY (REPLACEMENT) RESERVE SHARING MECHANISM

In operation without tertiary reserve sharing SMM block controller calculates area control errors (ACE's) for
each control block member as:

ACE&-:(P,& ;«u)+B (f f.&) (1)

Symbols used in above equation (1) are:
ACE —Area control error of k-th control area in SMM block
P, — Net interchange of k-th control area

o — Effective net interchange schedule of k-th control area
Bfk - Area frequency regulation constant
f— Actual (measured) frequency
fo - Scheduled frequency

Equation (1) is used when SMM block controller operate in so called “pluralistic mode”. SMM block controller
may also operate in “hierarchical mode” when area control errors for each participating member are aug-
mented with additional component proportional to whole SMM block ACE:

ACE, =(R, —P,m)+3,«;- (f-f,)+hACE,, (2)

In above equation h, is hierarchical regulation participation coefficient of k-th member company, and it is
always:

Zh =1 3)

Whole SMM block ACE is calculated as:

A CE*;MM = ( RS'M.-\-! = Ps',w.-\-m ) + B,;S‘M_.w (f = fu ) = Z P PAU Z B b1 f fu) (4)

Hierarchical control mode is usually not used in normal SMM block operation.
Effective net interchange schedule P, consists of three components

Bo=85 + G+ R, (5)

Symbols used in above equation (5) are:
S0 — Interchange schedule without compensation and ramping
Cyo - Compensation schedule

R, — Part due to schedule ramping which starts at some predefined time T before end of schedule cycle
and ends after period T in new schedule cycle (if 1 hour schedule cycle is used then T is usually set to 5 min)
as illustrated in figure 2.

Schedule
A F-::EI = Sur + Cl_u + th
— Sin + Cl.u
: \ "',.-# T
T rir Tir ~irr T|T Thne
Schedule cycle Schedule cyele Schedule cycle Schedule cycle

Figure 2. lllustration of schedule "ramping"
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Tertiary reserve sharing is implemented in by introducing the “Interchange Schedule Offsets”, that is effective
interchange is augmented with additional component AP, due to tertiary reserve sharing (6).

ﬁ-*u = Rw + APTR.k (6)

Value P, is then used for all ACE calculations instead of Py,. Usually interchange schedule offsets AP, have
much smaller values than respective P, so they are not additionally “ramped” (Figure 3). '

Schedule
‘ ST ——— 'F;:I =F + Ay,
AP,
LT TR Ty 'F:,U — SJ.EI + C-ll.l - R“.
Slu +C1t|
vala o
L b >
A - U -
TYT T TTY Time
S <

Schedule cycle
Figure 3. Interchange schedule with component for tertiary reserve trade

If all tertiary reserve sharing/trading is performed within SMM block (i.e. there is no reserve sharing with
control areas outside control block) then value block area control error ACEg,,,, is unaffected by reserve
sharing because it is always

z APp =0 (7)
k

when sharing is performed only within control block (k denotes k-th SMM block member).

That means that change of exchange program between two TSOs within the same control block does not
influence the exchange program of the whole control block towards the rest of the interconnection.
Consequently there is no need to declare change to the Continental Europe interconnection.

Interchange schedule offsets are scheduled in shorter time frames (currently 5 min) than regular inter-
change schedules (1 hour or 15 min). Interchange schedule offsets are provided by EAS database in the
form of CSV files. Those files contain 288 ofsets (for every 5 minute interval) for each block member, for
each UTC day present in schedule file.

These files are sent by means of automated SFTP (Secure FTP) script to server hosting AGC/SMM block con-
troller database (AGC database server shown at figure 1). At AGC database server dedicated loader appli-
cation checks every 60 seconds if new interchange offset schedules file is available, and if available it is
loaded automatically. Load procedure discards all schedules in past, and for current 5 min interval, only
schedules for future time intervals are imported.

Dispatchers may use standard AGC scheduling HMI to inspect imported values for interchange offsets (as
shown at Figure 4). In case that, for any reason, CSV files with offsets became unavailable or corrupted, dis-
patchers may use AGC scheduling HMI for manual entry of schedules. In case of prolonged unavailability
of this or other schedules appropriate SCADA alarms are automatically issued.
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Figure 4 Interchange schedule offsets due to tertiary reserve trade overview in AGC scheduling GUI

Dispatchers may control if those offsets are used by turning them on or off at appropriate AGC&SMM block
controller HML.

6. CONCLUSION

Paper describes the new procedure that allows Serbian (PE EMS) and Montenegrin (CGES) TSO to exchange
tertiary reserve. TSOs are motivated by the new European Network Codes that allow calculation of neces-
sary reserve on the control block level. The prerequisite is that control block members are able to exchange
reserves among themselves. For the time being, only two members of SMM control block are able to
exchange tertiary reserve. Macedonia has to solve some regulatory issues before to join the process. The
paper describes the newly developed software and its modifications that allow smooth functioning of the
procedure/mechanism.

The reserve exchange started in April 2015 and during the first year of operation tertiary reserve exchange
flowed smoothly across the border allowing both TSOs to maintain the security of their system.

BIBLIOGRAPHY

[11 Goran Jakupovi¢, Ninel Cukalevski, Nikola Obradovi¢ and Ismar Sinanovic, "Development and Implementation of
Control Block Operator function for a SMM Control Block,” presented at DEMSEE 2008, International Workshop on
Deregulated Electricity Market Issues in South-Eastern Europe, University of Cyprus and the Electricity Authority of
Cyprus, Lefkosia, Cyprus , September 22-23, 2008.

[2] Goran Jakupovi¢, Nikola Obradovi¢, Ninel Cukalevski and Ismar Sinanovi¢, "The First Operational Experiences with
the New Load Frequency Control System Developed for SMM Control Block,” presented at DEMSEE 2009,
International Workshop on Deregulated Electricity Market Issues in South-Eastern Europe, Belgrade, Serbia,
September 17-18, 2009.

[3] “Establishing a Regional Balancing Initiative in Southeast Europe”, EC-Energy Community, ToR, Vienna, 5.2.2014.
[4] “Network Code on Load Frequency Control and Reserves (LFCR)”, ENTSO-E, 2015

[5] “Impact Assessment of Regional Balancing Integration in The Southeast European Electricity Market - Final Report”,
Electricity Coordinating Center, Belgrade, December 2014

38 GODINA Il / BROJ 3 / JANUAR — JUN 2016 GFR%%



in memoriam

Dusan Arnautovic
(1950 -

[ 4

2016)

DuSan Arnautovi¢ je roden 28. marta 1950. godine u
Beogradu. Osmogodisnju skolu i gimnaziju je zavrSio u
Beogradu. Diplomirao je 1973. gdine na Elektrotehnickom
fakultetu u Beogradu - Energetski odsek, gde je od 1975.
godine bio zaposlen kao staZer na Katedri za postrojenja
elektricne snage, i to kao stipendista Republicke zajednice
za naucni rad za usavrSavanje uz rad.

Posle dve godine rada na fakultetu, 1977. godine za-
posljava se u Elektrotehnickom institutu "Nikola Tesla" u
Beogradu i od tada pocinje njegov profesionalni usponii
period znacajnih naucno-istrazivackih ostvarenja. Prvo
je na Elektrotehnickom fakultetu u Beogradu 1978.
godine odbranom magistarskog rada "Jedan postupak
analize stabilnosti sloZenih energetskih sistema primenom
direktne metode Ljapunova" zavrSio postdiplomske studije
na smeru Upravljanje energetskim sistemima. Nau¢no
zvanije istrazivac - saradnik stekao 1985. godine u Elek-
trotehnickom Institutu “Nikola Tesla". U toku 1985.
godine bio je prvi put na stru¢nom usavrsavanju u ino-
stranstvu na University of lllinois, Urbana, SAD (tema
usavrsavanja - metode projektovanja regulatora u elek-
troenergetskim sistemima).

Titulu doktora tehnickih nauka za oblast elektrotehnike
stekao jula 1988. godine na Elektrotehnickom fakultetu
u Beogradu odbranom doktorske disertacije "Sinteza
multivarijabilnih regulatora pobude u visemasinskim elek-
troenergetskim sistemima primenom metode projekcionih
upravijanja".Jula 1989. godine stekao nauc¢no-istrazivacko
zvanje naucni saradnik, a 19. aprila 1995. godine zvanje
viSeg naucnog saradnika. U toku 1990. godine bio drugi
put na specijalizaciji u inostranstvu na Rutgers University
i University of lllinois, SAD (tema specijalizacije - primena
savremenih metoda automatskog upravljanja u elek-
troenergetskim objektima). Od 1991. godine, sve do
svoje iznenadne smrti, bio je na funkciji direktora Centra

za automatiku i regulaciju u Elektrotehnickom institutu
»Nikola Tesla".

Vec na samom pocetku svoje karijere, dr Dusan Ar-
nautovic je poCeo da saraduje sa CIGRE. Svoj prvi rad o
analognim modelima za podeSavanje turbinskih regulatora
za CIGRE je napisao 1979. godine za 14. savetovanje
(tada) JUKO CIGRE koje je odrzano u Sarajevu. Od tada
gotovo da nije bilo domaceg savetovanja CIGRE na
kojem nije bio i neki rad dr DuSana Arnautovica (kao
autora ili koautora). Poslednjih godina dr DuSan Arnautovi¢
se viSe aktivirao na pisanju radova za medunarodnu or-
ganizaciju CIGRE u Parizu. Njegovi radovi su uvrsteni u
rad 42. savetovanja (2008), 45. savetovanja (2014) i ove,
2016. godine, na 46. savetovanju medunarodne CIGRE
u Parizu bice ukljucen rad "Real time synchronous generator
dynamic reactive reserve monitoring by coordinated reactive
power voltage controller’ gde je dr DuSan Arnautovi¢
jedan od koautora.

Pored pisanja radova, dr Dusan Arnautovic je bio ak-
tivan ¢lan Studijskih komiteta CIGRE. Na domacem
planu, bio je dugogodisnji ¢lan Studijskog komiteta A1 -
Obrtne elektriche maSine i Studijskog komiteta B4 -
HVDC i energetska elektronika, a na medunarodnom
planu od 2010. godine bio je ¢lan-posmatra¢ meduna-
rodnog Studijskog komiteta A1 za obrtne elektricne
masine. U jednom periodu rada CIGRE Srbija bio je ¢lan
Nadzornog odbora. Njegova iznenadna i prerana smrt
zadesila ga je na funkciji ¢lana IzvrSnog odbora CIGRE
Srbija i predsednika Studijskog komiteta A1 CIGRE Srbija,
na koju je izabran 2011. godine.

S velikom zahvalnoS¢u i postovanjem cuvacemo
uspomenu na dr DuSana Arnautovica, kao izuzetnog
strucnjaka u oblasti elektroenergetike, ali pre svega
kao iskrenog, vrednog i dragocenog Coveka i ¢lana
CIGRE Srbija.
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