[TPEAABAFSA | LECTURES

DOI: 10.5937/TID24028S

AHaJIM3a YTHIAja IPUK/bYYEHA COJIAPHE €JIEKTPAHE HA CUCTEM
nomMohy KBa3u-ITMHAMHMYKOT MIPOPAYYHA

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

Kparak cagpikaj

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

KibyuHe peum: KBa3u-JIMHAMHKa, TOKOBU CHara, CoJiapHa €JeKTpaHa, CUMYJIAIMOHU MOJET,
MPUKJbYUYCH-E Ha CUCTEM.
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DIgSILENT u PSS E, mpopauyHuMa TOKOBa CHara M KpaTKuX CIIOjeBa, Kao W JPYTUM
CTaTUYKUM U JTUMAHUYKUM aHaJIn3aMa CUCTEMaA.
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Analysis of the Connection of the Solar Power Plant to the System
Using Quasi-Dynamic Calculation

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

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

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