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1. MpoBeneHbl aBa 3acepanus MNPl

2. OnpeaeneHbl:

« Ob6bekT nccneposaHusa NPl — pacnpeaeneHHble 3HEProCUCTEMBI
(P3)

* Llenb nccnepgosaHusa MNPl — onncanne TpeboBaHMN K

NHOPMAaLIMOHHBLIM TEXHOSTOMMSIM pacnpeneneHHbIX QHEProCUCTEM
(nnn UTPJ)

* [lpegmeTHasa obnactb UccrnegoBaHUM - MHOrOMepHoe
NPOCTPAHCTBO, XxapakTepuaytouiee NTPO:

v Tuvn n cnoco6 paboTtbl P3 ¢ 6onbwon 33C
v' CnoxHocTb cetn PO

v' Cnocob aMcneT4yepckoro N TEXHONMOrMYeCcKoro ynpasneHus
3. HayaTo obcyxaeHne CTPYKTypbl OTYETHOU OpoLLOpbI




Tunel P3 |

WG C6.22 B 6poLwirope 635
Microgrids (MG) Evelution Roadmap

npeanaraeT paccmaTtpuBaTtb
Tpu Kknacca MG
MUHU(MUKPO)3aHEeprocucTem: Working Group

C6.22
1. mgrid — obuwecTBEHHbIE

Microgrids 1 Engineering,
Economics, & Experience

2. Lgrid — notpebutenbckume octover 215
3. vgrid — BupTyarnbHble
4. MultyMicroGrids - ?
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~_—— Bulk supply connection
Distribution Substation __ Ll (sub-transmission)

-

T

Full Substation

. . Single Customer
Microgrid ~ Mic?ogrid
Full Feeder ]
Microgrid ~ _
Partial Feeder | Limits per Distribution Cireyie | APPToximate Typical Area That
Micrﬂ-grid et Nominal System Voltage with Commonly Used Can Be Seilr{v;g] per Circuit
Conductors
480V 0.1-0.5 MVA < 0.1
48kV 3-5 MVA 1-10
13.2kV 7-13 MVA 5-30
25 kV 13-25 MVA 10-60
345 kV 18-35 MVA 15-90
EPRI

*3ervice areas are illustrative of those found with load densities ranging from typical rural to typical suburban. Areas senved will be
less in high-density urban environments.

Presented by Mohammad Shahidehpour-lllinois Institute of Technology >
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RanaccmouKkaumg TUNoB
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CNoXHOCTb CeTwu

HennHenHaa CNOXKHO- 3aMKHYTasA CeTb

JInHenHaAna ceTb

HeT cetu




CnoxHocTb ceTu. OrpaHn4vyeHus

5 o I TE€H -
1 ©; (V, o, K. P; ): 0 Cucrtema ya3rnoBbIX HanMps>XeHUW B NONSAPHbIX
T TeH KoopaunHaTax
¢5(V,6,K,Pz- ):0
min max -
2 i =0;,<0; OrpaHnyeHna peakTUBHOM MOLLHOCTU U

MOoOynAa HanpAaXxXeHuAd B yare

OrpaHunyeHue nsmeHeHnsa KoadpduymeHTa
TpaHcchopmayum BeTBU

4. ]V (V, 8, K)— ]11;101'1 <0 OrpaHquHwe OOMyCcCTUMOro TokKa rno BeTBu

OrpaHuyeHne MOLLHOCTU reHepaTopa Unm
rpynnbl reHeEpaTopoB

6. Psmin <P, (;7‘3 S, K)g pmax OrpaHunyeHue nepetoka MOLWHOCTU MO
CeYeHUto
. T G
7. BEMm <Y Y preH (fj+1 _ rj)g B OrpaHunyeHue BbIpabOTKM reHeparopa unm
Jj i rpynnbl reHepaTopoB
] V_Cﬁp(r 1 -)5 preH _ pren | _ jrHad (r - ) OrpaHunyeHune ckopocTn Habopa n cbpoca
: I J+ J 1.1 A ! J+ J Harpys3ku reHeparopa




Oowaa cxema ynpasneHuna MG

ynpaBneHme 9KOHOMUN4eCcKoe

YyeT, TN, TC, PMU

Cnang caenaH Ha ocHoBe maTepuanos 3A0 «PTCODT» n nybnukaumm 8 PACWORLD Ne 18, 2015, «Pusing the

Envelope...» Aleksi Passo, Shay Bahramirad, Dimitra Apostolopoulou
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CeTeBass KOMmNaHUA - Arperatop KommepuecKkuit onepatop

YnpaBneHue HageXHOCTbIO

[}
[}
.
' TpeTunuHge peryaMpoBaHue Bbi6bop cocTaBa OnpegenexHve
v 1 ONTUMANbHOE DKoHOMMYecKoe ONTUMANBHOO
: NAY vnum - ynpasneHue
! & ynpasneHue pexknma paboTbl
‘ YnpasneHue ABapuiiHoe Harpyskamm cnpocom MG un 33C
! "
; ocTpoBusaumen I/Iv ynpasneHue cuHXxpo/ocTpoBa
{ | pecuHxpoHusaumemn crnpocom
i YnpasneHne KA
o TT ........................ e S I I
A Av & v Ay vy 4
l i *
3 \ / BTtopuuHoe B3Y
3 o ‘ FLISR ‘ ‘ HRDS ‘ perynmpoBaHue | o
T O
s = MwuKpo TypbuHbI 1 covY
> o
5 < v rasonopLiHeBble
o= ABuUratenu
= ABTOMaTU4YecKue BosiHbI
2= BblKJ/llO4aTeN N U NMepBuuHoe Auvsenn
= o nepekatoyaTenm peryaupoBaHue
o @ — Hakonutenu Mpoune
c
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Jlornyeckaa cenektuBHocTb P3
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CTpyKTypa OpoLlKp.bl

1. BBeneHwe, yCTaHOBKU

2. |IT B P3 no ncto4yHMKam MMPOBOU U OTEYECTBEHHOM
nuTepartypsbl, 4eUCTBYIOLLUX CTAHO4APTOB, U3BECTHLIX Clly4yaeB
N3 NPaKTUKKU, OTYETOB UCCeaoBaTENbCKUX OpraHu3aLnm

3. [enosble npoueccbl U MHPOPMALMNOHHBLIE MOTOKM,
TpeboBaHua kK ICT
3.1. mgrid
3.2. ugrid
3.3. vgrid
3.4. MultyMicro

4. be3onacHOCTb
5. 3aknto4veHune

12



. yRTSoft §agre

[lepeyeHb OenoBbLIX NpoLEeccoB

BBeneHune

Teno

BbiBOoAObl n/unn pekomeHaaunm
CcCbINKK

[ IpunoxeHuna
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OrnaBneHme OpoLopbI
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1. NPEAUC/JIOBUE 3.4.5.2. OnpegeneHne onTMManbHOro pexkMma COBMeCTHON paboTbl Micro
2. AHAJIW3 UCMO/JIb30BAHUA HH®OPMALIMOHHBIX u Macro Grid 6
TEXHOJIOT'MH B PACIIPEAEJIEHHOM 3HEPTETUKE 1O 3.4.5.3. 2bl60p cocTaBa 060pyA0BaHUA M ONTUMaAbHOE pacnpeaeneHue
Harpysok
flfHHII;IM OTKPBITbIX HCTOTHUKOB t 3.4.5.4. YnpaBneHne KOMMYTaLUMOHHbIMW annapatamu P39 6
2.2. TBeAeH"e P 3.4.5.5. YnpasneHue cnpocom Ha OCHOBAHWUM SKOHOMUYECKMX CUTHaI0B 6
= ANkl pacnpeAenthlblx 3HeerCMCTeM " 3.4.5.6. MNpoTrBoaBapuinHoe ynpasieHNe Harpyskamu 1 reHepaumen 6
2.3. AHanu3 nybankaumnii MMpPoBOM TEXHUYECKOW INTEPATYPbI 4 3457 VNpaBAeHHe OCTPOBM3ALMEN U DECHHXDOHM3ALMES] 6
2.4. AHaNu3 AeUCTBYIOLWUNX PernameHTUpPYIOWMX MaTepranos 4 346 BTODUUHOE U NEDBUYHOR DEryAUPOBaHME 6
2.5. 3akniouenue no raase 2 4 3.4.6.1. PeryanpoBsaHuWe 4acToTbl 6
2.6. CCbIIKM HA UCTOYHUKK MHDOPMAL UK 4 3462 PeryAMpoBaHMe HanDAKEHUS 6
2.7. Mpunoxenna 4 3.4.7. Jlornyeckas cenekTMBHocTb P3 6
3. TEXHOJIOTMYECKHUE MPOUECCHL, MHOOPMAUMOHHBIE 5,0 oo oo " ps =
IOTOKH U IPOTOKOJIbI, TPEBOBAHUA K ICT 535. Ynpasnsemoe sHeproo6opyAoBanme .
3.1. Beepenue 53.6. O6MeH nHbopMaumeii ¢ MHdPACTPYKTYpOi 7
3.2. O6wume cxembl ynpasneHua P3 u Tononormm MHGOPMaUNOHHbIX MOTOKOB 5 3.6.1. CUCTEMHbIN onepaTop 7
3.2.1. OcobeHHOCTM CXeM M TOMO0MMIA ANA pa3HbIX TMNos P3 5 3.6.2. KomMmepyecKuii onepaTop 7
3.3. U3mepeHusa n yyer 5 3.6.3. Arperatopbl 7
3.4. TexHonorum obecneyeHUa HageXXHOCTU U SKOHOMUYHOCTHU 5 3.6.4. CTaTUCTMKA, NOCTGAKTYM aHaNM3, OTYETbI, BUAAMHE 7
3.4.1. MNoaaep:KKa MmaTemaTU4eckmMx moaenemn 53_7_ 3ak/IloyeHme no rnase 3 7
3.4.1.1. ®opmuposaHue mosenei 53.8.  CCbIIKM Ha MCTOYHMKM MHDOPMALUM 7
3.4.1.2. AkTyanusauus mogenen 53_9_ MpunoxeHus 7
342. __Tiporsosuposative 24, TPEBOBAHHA 10 UHPOPMAIIMOHHOM
3.4.2.1. MporHo3 notpebaeHuns SBESOHACHOCTI/I ”
3.4.2.2. [1pOrHo3 BbIHYX/AEHHOM reHepauum 5
~ _4.1. BeeaeHue 7
3.4.2.3. porHo3bl 3aNacoB 3HEPIMU M APYIMX NAapaMeTPOB Hakonutenem 5
4.2. TpebosaHusa 7
3.4.2.4. TporHo3bl 3aNacoB TONJINBA 5
4.3. 3aka4eHue no rnase 4 7
3.4.3. MOHUTOPUHI NapaMeTPOB peKnuma 6
4.4. CCbIIKM HA UCTOYHUKU MHDOPMaLUK 8
3.4.4. JvarHoctrka obopyaosaHus 6
345 T ( ) b4.5. MpunoxxeHusa 8
.4.5. peTUYHoe peryanposaHue (ynpasaeHume
3.4.5.1. OueHKa COCTOAHMA INEKTPUYECKOro pexxmma 65' SAK/TIOYEHHE 8
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MNnaH pa6ot Ha 2016 - 2017

Pa3paboTKa BBeaeHUA Pa3paboTaHHOEe 1 nepeaaHHOE Ha aHa/n3 1.04.2016
s3KcnepTam BeepeHue K bpowwtope

UccnepoBaHune nutepaTtypbl, Pa3paboTaHHasA U nepeaaHHaA Ha aHaKu3 20.07.2016
CTaHAapToB, peanusaumn MG  sKkcnepTam rnaBa 1 6polwtopbl C NPUAOKEHUAMMN

Pa3paboTKka [naBbil 3 Pa3paboTaHHaA 1 nepedaHHaa Ans
peueH3npoBaHua rnasa 3 6powtopsbl (ICT -
aPXUTEKTYPbI, NPOTOKO/bl, PYHKLMOHANbHbIE

CXEMbl, 3TaNNOHHbIE MAaTMOAENN) C 15.12.2016
NPUNOXKEHUNAMM 31.08.2016
PaspaboTtka [naBbl 4 Pa3spaboTtaHHaA U nepedaHHaa AnA peueH3nmn 31.03.2017

rnasa 4 6powtopsbl . besonacHocTb

Pa3paboTKa 3aKkntouyeHus 31.05.2017
LLinpokoe obcyxaeHue, nopaboTKa, BbINyCK 30.11.2017
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[lnan 3aceganun MNPl Ha 2016-2017

3acepgaHue 3 ObcyrKaeHne CTPYKTYpbl 6polwtopbl 10.02.2016
Bbi60p OCHOBHbIX UCTOYHUKOB MHOPMaL MK
ANA nccnegoBaHUm

3acenaHue 4 ObcyxaeHue rnas bpowtopbl 1 «BeegeHne»  12.07.2016
n 2 «0630p MMPOBOMN U OTEYECTBEHHOM
NNTepaTypbl, CTaHAAPTOB, peanunsaunn MG

3acegaHue 5 ObcyxaeHune rnasbl 3 bpowtopbl +
NPUNOXKEHUA+
3Ta/IOHHblEe MaTemMaTUYeCKne moaenu 06.12.2016
3acepaHue 6 ObcyxaeHune rnasbl 4 6poLwtopbl 05.04.2017
besonacHoCTb
3acegaHue 7 ObcyrKaeHne bpoLwopbl B LEIOM 06.06.2017

3acepaHune 8 ®duHanbHoe obcykaeHue 6poLtopbl 22.11.2017
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3agayu o cnepgywulero sacegaHus

* BbINyCK M NOAroTOBKa KO BHYTPEHHEMY
obcyxXaeHuto B rpynne rnas 6powtopbl 1

«BBegeHue» n 2 «0630p MMPOBOU U
oTe4yecTBEHHOW UTepaTypbl, CTAaHAAPTOB,

: Retyl ASE 12.07.16
peanusauum MG

17



| yRTSoft @argre

Bonpochsi,
npeanoxeHna
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