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Kparak cagp:axaj

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

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

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

KibyuyHe peun: npurymmBame oOClAJIaNNja CHAare, IPeTBapauu CHare, eJeKTpaHe
O0OHOBJPUBUX M3BOPA CHEPTH]E.

16


https://orcid.org/0000-0001-5500-9799

Bbuorpaduja npenaBaua

Jp Munan IIpopanosuh (crapuju unah, [EEE) je AUIIIOMHPAO
€JIEKTPOTEXHUKY Ha YHUBep3UTeTy y beorpany, 1996. ronune, u
JOKTOPUPAO EJIEKTPOTEXHUKY U EJIEeKTPOHUKY Ha Mmmepujan
Koneny y Jlonnony, 2004. Ox 1997. no 1999. ronune je paauo y
I'BC wumxemepunry y beorpany Ha pa3Bojy cucrema 3a
oecnpekuaHo Hamajambe. Omx 1999. no 2010. je O6wo HayyHuH
CapaJIHUK 3a eNEKTPOTEXHMKY M eNeKTpPOHHKY Ha HMmmepwujan
Konenry. TpenyTHO je BUIIM uCTpakwBad U med JenuHuie 3a
enektpuuHe cucreme Ha Wucturyry MUMJIEA Enepruja y
Manpuny, Illnanuja. MunanoBe o007acTH HCTpaKHWBama Cy
ylpaBjbakbe W JAM3ajH EHEPreTCKUX IpeTBapada, HHTErparyja
O0OHOBJPMBHUX M3BOPA U CKJIAJMIITA €HEPTH]je, YIPaBJbakhe CHEPIreTCKUM MpeKaMa Y PeallHOM
BpPEMEHY, YIpaBJbalkhbe W aHAIM3a CTAOMIHOCTH MHKPOMpEXa M EHEpreTCKUX CHCTeMa U
eHepreTcka e(hUKacHOCT y MHAYCTPHJCKUM aruIMKaldjamMa. AyTop je Hu3a BUCOKO ITUTHPAHUX
panoBa (>6.200 uumrara) u Hocunall je 3 MmelhyHapoaHe mareHTHE mpujaBe. Munan je Ouo
[IaBHU MCTPaXMBad Yy MHOTOOPOJHMM pPETHOHAIHUM, HALMOHAIHUM U MelyHapogHuM
npojexktuma y Hlnanmju, Benukoj bpuranuju, ®@paniyckoj, Hanckoj, Uranuju, benruju,
[IBajapckoj, JIurBanuju, Kennju u Jamany u capahuBao ca HajBaXHHJUM KOMIIaHHjama y
EHEepreTcKoM cektopy y Benukoj bputanuju, ®@paniyckoj, Jlanckoj u Hlnanuju (ED, EOH,
N6epnpona, Yanon denoca, CEAC, Cyneprpun Muactutyr utna.). Jlobuo je crunenaujy 3a
uctpaxusame Pamon m Kaxan 2011. u crunenamjy ,,Mapuja Kupu” 2010. Munan je
akpeauToBanu penen3eHT 3a AHEII (Hanunonanna areHmuja 3a eBanyalyjy U MPOCIEKTHBY,
[Inanuja) U 4iaH je pagHUX Tpyla 32 EHEPreTCKY €JIEKTPOHUKY U CKIAJUIITCHE SHepruje
HanuoHajHe Tardopme 3a enekrpuane mpexe OYTYPE]] (Llnanuja).

17



Design of Power Oscillation Damping Controllers for Renewable
Power Plants

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

Abstract

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

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

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

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

Keywords: power oscillation damping, converter-interfaced-generation, renewable plants.
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