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XXI Beka: YcTtoinlunBoe pasButne U MHTeNNeKTyanbHoOe ynpaBieHue

NpeHTudnkatop BbiCcTynneHUs: 9 Tun: ne ykasan

NPUMEHEHUWE YCTPOWUCTB FACTS A4
PEIT'YIIMPOBAHUA TMBKOCTU MNEPEAAIOLLUX

IEKTPUYECKUX CETEN USING FACTS FOR
CONTROL OF TRANSMISSION NETWORKS
FLEXIBILITY

Heo6xoquMbIM ycaoBueM obecIieueHNs IOTpeOuUTeell aJeKTposHeprueit TpeGyeMoro Kauecrsa (4acrora,
YPOBHU HaIIpsUKEHUs) SIBIISIETCS COOJIONEHNEe B KaKAbII MOMEHT BpeMeHN OasaHca MOLITHOCTY B KaXKIOM

y3jle U BO BCell sieKTposHeprerndeckoil cucreMe (99C) B mesoM. CBOJICTBO SHEPrOCUCTEMBI, KOTOpOE
MOJKeT pacCMaTpMUBATECS KaK CIIOCOOHOCTh 00eCIeunBaTh yIpaBjieHre 0aJaHCOM MOIIHOCTM, Ha3bIBAETCS
rubkoctoio [1,2].

OCHOBHBIMU CpefcTBaMi OOecIleueHMs VM PeryInpoBaHusa I'MOKOCTM Ha PasHBIX YPOBHSIX COBPEMEHHBIX
9HEPrOCUCTEM SIBIIAIOTCS CIEAYIOLIME acIeKThl (TeXHIUeCcKIe CPeACTBa U TeXHOJIOrun yrpasneHns) 99C

(3]:

1. yrpaBieHne rMOKOCTHIO Ha CTOPOHE TeHepaLyi;

2. ympasieHye rOKOCTbIO Ha cTOpoHe Harpysku (aurt. Demand System Management);

3. TeXHOJIOTMM YIIPABJIEHNS peXXuMaMu (CHICTEMHBIE YCIIYTN);

4. HaKONIMTEJIV SHEPTUN ;

5. BUpTyaJIbHbIE CHCTEMBbI CPECTB PeryJIpoBaHMs (arpernpoBaHIle HaTPy30K, HAKOIIMTeJIell SHepI I, SJIeKTPOMOoGIIelt
U T.0.);

6. TEXHOJIOTMM PHIHKOB 3JI€KTPOIHEPTHUI;

7. epegoBble TexHonoruu (“anexrpudectso-reruto’ (E2T) mius BUD, npeobpasoBaHue 1eKTpUUecTBa B ra3

(P2G) u B Bomopon (P2H), Texromorus “rpancnoptHoe cpeacTso - cets” (V2G)).

TeXHOIOI MM yIIpaBIeHUS PeKUMaMI M CUCTEMHbIE YCIIYTH SBISIOTCS 9 ()eKTMBHBIM CpeICTBOM PEryINPOBAHUA
IUOKOCTM BBICOKOBOJIBTHBIX IIepeJaIOIMX CeTeil B IMKJIe olepaTuBHoro u IIA ymnpaBnenms. Passurue
coBpemenHbIx 93C npenycmarpusaer mupokoe BHeapenue texHoiaoruu FACTS (Flexible Alternative Cur-

rent Transmission System) - ynpasisgeMsIx (rMOKMX) CUCTeM ITepefaul ITepeMEeHHOro ToKa. TexXHoymorus u
ycrpoitctBa FACTS oTKpBIBalOT HOBBIE BO3MOXXHOCTI [JIA YIIPABJIeHNU 3JIeKTPOIHEPreTIeCKIIMI CYICTEMaMI,

TaK Kak obecIieunBaeT peryIMpoBaHie B3alIMOCBI3aHHBIX ITaPAMETPOB CXeMBI I PeXXIIMa.

B psme 3apyOesxHBIX pador [4,5] it aHanmsa ru6koctu 99C BBOANUTCA OBA IIOHATHUA: SKCIUIyaTallIOHHAs
I'MOGKOCTD — 3TO CIIOCOOHOCTH 9HEPrOCUCTEMBI IIOTJIOIIATh IIOMEeXH, YUTOOBI TOAAeP)KIBATh Oe30I1acHOe pabouee
cocrostane. HanGouree pacripocTpaHeHHbIE IIOMEXH — 9TO I1epe6o B paboTe BCIEeACTBIIE OTKIIOUEHIS JIMHAN

MM FeHepaTopa, OLINOKY IPOrHO3a B BBIPabOTKe MOILIHOCTY; U JIOKAIbHAsI '’MOKOCTh — 3TO 'MOKOCTD, JOCTYITHASL

Ha [aHHOI LIVHe (B y3JIe) B CeTH, OIpeelsieT pasMep BO3MYIIEHNS B KOHKPETHOM y3JIe, KOTOPOE MOKET

OBITH CAEPIKAHO IOAXOALIIMI U JOCTY ITHBIMY KOPPEKTUPYIOLLIMMU AeICTBUSMIIL, HAIIPUMeED, MepaMI AVUCIETYEPCKOTO
yIpaBieHNs: pa3BepTHIBAHMEM Pe3epBOB, PEryJIMPOBAaHIEM Ha CTOPOHE CIIPOCa, M3MEHEHMEM TOIIOJIOT I

CeTH, PeryanpoBaHueM 9HepronorpebIeHns u ap.

IMonmep:xaHue GanaHca MOIITHOCTH B y3JIe MOYKET OCYILIECTBIIITHCA 32 CUET I3MEHEHNS MOIITHOCTIL TFeHepaIiu,
M3MEHEeHM MOLIHOCTY HAarpysKH, MPMMEHEHNs CUCTeM HaKOIUIEHNSI SHePIMM, M3MeHEHUA IIePeTOKOB I10
oTxomamuM ot y3na JuHuAM . TexHonormsa FACTS mosBosfgeT yJIydIInTh MCIIONB30BAHNE IIPOIYCKHBIX
CII0COGHOCTeI! IMHUII 3JIeKTpoIlepeiad, MU3MEeHAThb II0TOKOpacIIpeesieHNe B pealbHOM BpeMeHM I ITPAKTIUeCKI
MTHOBEHHO pearupoBaTh Ha BO3MYIIeHN, Bo3HUKamIue B 93C.

B kauecTBe CpeCTB 00eCIIeueHIs U peryINpOBaHMs I'MOKOCTY HanboIee ITepCIeKTYBHBIMII SIBJISIOTCS COBpeMeHHbIe
ycrporicrBa FACTS Broporo mmoxosieHMst Ha 06a3e CVUIOBOIL SJIEKTPOHMKM, CHCTEMbI yIIPaBIEHMS KOTOPBIX
00671aa0T BBICOKOIN 3()(heKTHBHOCTBIO yIpaBIeHMI U cTabunmMsauun. B mepByro ouepenb K HUM MOXKHO
orrectu CTATKOM, TVIIK, ®ITY, OPIIM, BIIT. Illupokoe ucIionb30BaHme TAKUX YCTPOIICTB 00€CIIeUNT paguKaIbHOe



nossliIeHye yupasisemoctu 99C, a cie{oBaTeIbHO, IMOKOCTY, YCTOMUMBOCTY ¥ KUBYUECTI TUX CUCTEM

(6].

B mokiane 6y[yT pacCMOTpPEHBI BO3MOXKHOCTM IIPMIMEHEHIS 9TUX YCTPOIICTB ISl pery IupoBaHus TNOKOCTI

cetn 500 KB, aBnsmomericsa pparmenToM peansHoit 9IC. [Ina sximouenns ycrpoiicts FACTS B cxeMy 3aMelieHMs
CeTU UCIIONb30BanuCh pagpaboranubie B ICOM CO PAH mopgenu atux yerpoiicts [7]. Pacuers! BBITOTHSIINCH

B MMMTALIIOHHOM 3KCII€PMMEHTE 1 110 peaIbHBIM JaHHBIM TeJler3MepeHuii ¢ ucnonb3osanueM IIBK Onennsanns
COCTOSTHMAL.

Pesynprarhl ncciie1oBaHMII TOKA3aJIM, YTO 3aMeHa cTapbIX yerpoiictB FACTS nepBoro moxosjeHns Ha yIpasiseMble
ycrpoitctBa FACTS BTOporo noxkoseHus 1 ycTaHOBKa HOBBIX YCTPOJICTB ITO3BOJIAIOT CYII[€CTBEHHO IIOBBICUTD
YIIPaBJISIEMOCTB 3JIEKTPUUECKIX CETell BBICOKOTO HAIIPSKEH IS ¥ 06ecIIeunTh TpeGyeMblil ypOBeHb TMOKOCTI
TaKUX CeTell.

Pa6ora BbInoIHEHA Ipu ToAepskKe rpanta PH® Ne 19-49-04108 “PaspaGoTka MHHOBALIMOHHBIX TEXHOJIOT I

VI CPEJICTB [JIS OLIEHKY M ITOBBILIEHVSI TMOKOCTY Oy My IIMX SHEProcucrem”
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A prerequisite for providing consumers with the required quality of electricity (frequency, voltage levels) is
that the power balance is maintained at each point in time in each node and in the in the whole power system.
The power system property that can be treated as its capability to control power balance is called flexibility
(1, 2].

The main means to assure and control flexibility at different levels of the present-day energy systems are the
following engineering tools and technologies of their control [3]:

. supply-side flexibility;

. demand-system flexibility;

. grid ancillary services;

. energy storages;

. virtual systems of control tools (aggregation of loads, energy storage systems, electric vehicles and others);
. electricity markets technologies;

7. advanced technologies (electricity- to- thermal (E2T), power - to - gas (P2G) and power - to - hydrogen
(P2H), vehicle - to-grid” (V2G)).

The grid ancillary services are an effective means for flexibility control of HV transmission networks in dis-
patching and emergency control. The present-day power systems will be developed on the basis of the large-
scale introduction of the FACTS (Flexible Alternative Current Transmission System) technology. The FACTS
technology and devices offer new possibilities for power system control, as far as they control interrelated
parameters of the network and regime.

In some foreign works [4, 5] the power system flexibility is analyzed using two notions: functional and local
flexibility. The functional flexibility is the power system capability of absorbing noises to maintain a safe
operational state. The most commonly spread noises are interruptions in operation due to line or generator
tripping, forecast errors in power generation. The local flexibility is the flexibility attainable at the network
bus (node), i.e. the disturbance value at the concrete node that can be eliminated by the suitable and available
correction actions, such as measures of dispatching control: involvement of reserves, demand-side manage-
ment, change of network topology, energy consumption control, etc.

The nodal power balance can be maintained by change of the generation and load powers, application of
energy storages, change of power flows in transmission lines incident to the node. The FACTS technology
allows the more effective use of transfer capabilities of transmission lines, the change of load distribution in
real time and practically the instant response to disturbances in power systems.

The most promising means for flexibility assurance and control are the advanced second-generation FACTS
devices on the basis of the power electronics, whose control systems are highly efficient for control and sta-
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bilization. First of all, they are STATCOM (static compensator), TSSC (thyristor switched series capacitor),
TSPST ( thyristor switched phase shifting transformer), UPFC (unified power flow controller), HVDC link
(high voltage direct current link). Large-scale application of these devices will essential improve power sys-
tem controllability, and hence, flexibility, stability and survivability [6].

The paper will focus on the possible application of these devices to flexibility control of the 500 kV network
that is a fragment of the real power system. The FACTS devices were included in the equivalent network
circuit using the models of these devices developed at Melentiev Energy Systems Institute of SB RAS [7]. The
calculations were performed in the simulation experiment based on the actual measurements using the soft-
ware “State estimation”.

The results of the studies have showed that substitution of the first-generation FACTS devices by the controlled
second-generation FACTS devices and installation of new devices will substantially enhance controllability
of the HV electric networks and assure the required flexibility level of such networks.

This study is supported by RSF grant Ne 19-49-04108 “Development of Innovative Technologies and Tools for
Flexibility Assessment and Enhancement of Future Power Systems”.

References

1. Voropai N., Rehtanz Ch. Flexibility and Resilience of Electric Power Systems: Analysis of Definitions and
Content EPJ] Web Conf. - 2019 International Workshop on Flexibility and Resiliency Problems of Electric
Power Systems (2019)

2. Zubakin V., Opadchiy F., Kuleshov M., Arkhipov A., Shevchenko S. Impact of the projects on demand-side
management on electricity price change on the example of the vertically integrated oil company // Energy
market, No. 7, 2019. (in Russian)

3. Peter D. Lund, Juuso Lindgren, Jani Mikkola, Juri Salpakari, Review of energy system flexibility measures
to enable high levels of variable renewable electricity (Renewable and sustainable energy reviews, V. 45, pp.
785-807, 2015)

4. Bucher M.A,, Delikaraoglou S., Heussen K., Pinson P., Andersson G., “On quantification of flexibility in
power systems”, 2015 IEEE Power Tech, Eindhoven, Netherlands, June 29 - July 2, 2015, 6 p.

5. Zhao J., Zheng T. and Litvinov E. A Unified Framework for Defining and Measuring Flexibility in Power
System // IEEE Trans. On Power Syst., January 2015, 31(1), pp.1-9.

6. Voropai N. L, Kolosok LN., Korkina E.S., Osak A.B. Vulnerability and survivability problems of cyber phys-
ical power systems // Energy policy, issue 5, 2018, pp. 53 - 61. (in Russian)

7. Kolosok LN., Tikhonov A.V. Modeling of advanced FACTS devices for state estimation of a fragment of 500
kV network in IPS of Siberia // Materials of the International Scientific Workshop “Methodological problems
in reliability study of large energy systems”, issue. 69 “Reliability of developing energy systems”, Book 1,
Irkutsk: ISEM SO RAN, 2018. P. 209-218. (in Russian)

OcHoBHbIe aBTOpBI: KOJIOCOK, Upuna (MCOM CO PAH); Mrs KOPKMHA, Enena (MCOM CO PAH)
HNoxmagunk: KOJIOCOK, Upuna (MC3IM CO PAH)

Knaccudukamus ceccuii:  Session 1. Towards Intelligent energy systems.

Knaccudpukanua nHanpasiaenus:: Towards Intelligent energy systems / Tpaucdopmupyrommecs
JHTeJUIEKTyaIbHbIe SHEPreTIYecKIe CUCTEMbI



