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AKTyaJ/IbHICTh BOPOBAa/JK€eHHSA CTAHAAPTIB B chepi Mikpomepex

I

CborofHi B YKpaiHi aKTHUBHO peasi30BYIOTbCS MPOLECH BIPOBA/KEHHSA B Chepy eJeKTPOEHEPTeTUKM HOBUX TEXHOJIOTIM, 110
iCTOTHO BIJIMBA€, B MeplLly 4Yepry, Ha PO3MOJiIJbHI eJIeKTPUYHI Mepexi, nepeBOAAYU IX HAa HOBUM SAKICHUW piBEeHb PO3BUTKY i
$YHKILIOHYBaHHS.

CTpyKTypa MOTY>KHOCTEMW TreHepallii eJIeKTPOeHePril 3a3Ha€ iCTOTHUX 3MiH, 1[0 NOB'sI3aHe 3 PYWHYBAHHAM eJIEKTPOEeHEPTeTUYHOI
iHbpacTpyKTypu BHaC/AiJIOK O0MOBHUX i, a TAaKOX 3aBJsIKKU 3HAYHOMY 30iJiblIEHHI0O YAaCTKU BiJJHOBJIOBAaHUX JKepeJs eHeprii B il
3araJbHOMY ©OaJiaHCi, 1[0 OOYMOBJIOE HEOOXiJiHCTb BiAMOBiAHOI MepebyAOBU MepexxeBoi iHGPACTPYKTypH HaA OCHOBiI Cy4acHHX
TEXHOJIOTIA «PO3YMHHUX Mepex» Ta 3abe3lnedyeHHS TapaHTOBAHOrO EJIEKTPONOCTAa4YaHHA 00 €KTIB KPUTHUYHOI IHPPACTPYKTYPH.

BupimeHHsa 1UX 3aBJaHb IOJISITAE Y 3aCTOCYyBaHHI KOMOIHOBAHOIO MiJIX0Ay, AKUU Iepenbdadya€ y pas3i HEOOXiAHOCTI BUIIJIATH
YaCcTHHY MepeXxi B i30/1bOBaHUN (OCTPiBHUM) peXUM HaABKOJIO PO3MO/liJieHOI reHepallii, 3 aBTOMaTUYHUM MiJTPUMaHHSIM OCHOBHUX
napamMeTpiB Mepexi. ToMy BaKJIMBHUM aCleKTOM PO3BUTKY «PO3YMHHUX Mepex» € GOpMyBaHHS BiANOBIIHUX YMOB, CTUMYJIIB,
MOTHBAI[i¥, NTOMUTY Ta NMOTpPebd MOOY0BH Ta €KCIJyaTallil MiKpoMepeiK, 10 € OCHOBOI /Ji1 BIPOBA/KEHHSA MIJIOTHUX IMPOEKTIB i3
3aCTOCYBAaHHAM MIKpOMepeX AJid PI3HUX TUIIIB KOPUCTYBaAYiB, 3a/Iy4e€HHA OPraHiB MiCLIeBOr0 CaMOBPAAYBAaHHA Ta OllepaTOpPiB CUCTEM
pPO3MOAILTY.

3a nogaHHAM MiHeHepro y »k0BTHi 2022 poky YpsiioM cxBajsieHo KoHlLien1jito BIpoBai>KEHHS «pO3YMHUX Mepexx» B YKpaiHi 70 2035
POKY Ta 3aTBEP/AKEHO JleTa/i30BaHUM IJIaH 3aX0AiB 3 1i peasisanii. OfHHUM i3 KOMIIOHEHTIB PO3BUTKY «PO3YMHUX MEPEXK», Pa3oM i3
IHIIMMU BaXKJIMBUMMU 3aX0ZlaMy, BU3HaYeHUX y KoHeniil € MikpoMepexi.

Yka3 [Ipe3uaenta Ykpainu N2737 /2023 Ilpo pimeHHs Pajiu HanjioHa/ibHOI 6e31eKH i 060poHU YKpainu Bij 7 auctonaza 2023 poky
«llomo noaaTKOBUX 3aX0A4iB i3 MOCUJIEHHS CTIMKOCTI QYHKIIOHYBAaHHS €HEPTreTUYHOI CUCTEMHU Ta MiTOTOBKU HalliOHAJIbHOI EKOHOMIKH
/10 pob0OTH B OCIHHBO-3UMOBHUM nepion 2023/24 poky» nepenbadyae TepMIHOBUW aHaJi3 YMHHHUX 3aKOHOJABYHUX aAKTIB 3 METOIO
BHECEHHS 3aKOHO/IaBYMX 3MiH, HEOOXiJHUX JJisI CTBOPEHHS Ta QYHKIIOHYBAaHHS B TPOMaJaXx MiKpoOMepex.

Bce 11e po6buTh AoCaiP)KEHHA | pO3pO0OKH, CIPSIMOBAHI Ha aJanTallil0 iCHYI0YOT0 CBITOBOTrO AOCBiAY BIPOBA/PKEHHS MiKpOoMepex
BiNIOBIJHO 0 MIDXKHAPOAHUX HOPMATUBHUX JOKYMEHTIB 1 3aX0/i1, CHPAMOBaHI Ha MOJIINIIEHHA XapaKTePUCTUK MIKpOMepeX, 40 YMOB
YKpaiHy, HaA3BUYAWHO aKTyaJIbHUMU.



CraHaapTu3anisa B cpepi "'po3yMHUX Mepex' B YKpaiHi g0 2035 poky

B «Konuenuii BonpoBakeHHs "po3yMHHUX Mepex' B YkpaiHi g0 2035 poky» Bi3HayeHO, 10 /Jis YCHIIIHOTO BOPOBA/PKEHHS
“po3yMHUX Mepex” He0OXiJHO BUKOPUCTOBYBATH YCHILIHUK CBITOBUM i EBpONENCbKUIN JOCBiL BOIPOBA)KEHHSA “pPO3YMHHUX Mepex’, a
TaKO0>X pO3po6JieHi Ta anpoOOBaHiI CTaHAAPTU | peKoMeHJalil, 30KpeMa MiKHapoHOI eJIeKTPOTeXHIYHOI KoMmicili, MixkHapoAHOI
opraHizanii i3 craHgaprtu3sanii, MiKXHapoAHOTO COI03y €JIeKTPO3B’SI3Ky, EBPOMENCHKOTO0 KOMITETY 3 eJIEKTPOTEXHIYHOI
CTaHAapTH3alil.

IEC TR 63097:2017 Smart grid standardization roadmap (Jopo>xHa kapTa 3i cTaHgapTHU3aLLii).
IECTS 62898-2:2018 Microgrids (Mikpomepexi).

IInan 3axoxiB
HI010 BIIPOBAKCHHA CYYACHHX CBpOﬂeﬁCBKHX Ta Mi)chapo,[mnx CTaH,IIapTiB Y Ct])epi PO3BHTKY
«pO3yMHHX Mepezx» 10 2035 poxy MIHICTEPCTBO EHEPTETHKH YKPATHH
HAKA3
No HaiimMeHyBaHHS 3aX0/1iB Bignosigansni Ctpox InnukaTop BUKOHAHHA . Kuis
3/ 3d BUKOHaHHSA BHKOHAaHHA
Ilpo 3ameeponcennn Inany 3axodie uooo
1 2 3 4 5 GNPOBAOINCCHNA CYHACTUX C6PONCHCHKUX
= - = T = ma mixcnapoonux cmandapmis y cghepi pozeumy
1 | Ilpuiinsitrs MDKHapOJHOrO crannapry | HEK «chpf:l-lepro»," IIpotsrom | IlpuiinaTo HaLIOHAILHUI CTAHJAPT. «posymnIx Mepecy do 2035 poxy
IEC 63097 ax naumioHanbHoro 3 goaaBaHusM | [EJl HAH VYkpainu | 2024 poxy
pobouoro mnepeknangy A8 3acTOCYBaHHS K | (3a 3r01010), Binnosiguo no crarti 15 3akony Ykpainu «[lpo eHeprernuny e(eKTHBHICTbN;
6a30BOro JIOKyMeHTa y nutansi | JI1 «YxrpHJIHI» nyukty 5 Ilnany 3axonis mono peanizauii Koruenuii BOpOBaIKEHHA «PO3YMHHX
HOPMATUBHOIO 3aGesnedeH s 03BHTKY | (32 3r01010) Mepex» B Ykpaidi 10 2035 poky, 3aTBep/KeHoro posnopspkeHHAM KabGinety
P P Y : MinicTpis Ykpaiun Bin 14 xoptHs 2022 poky Ne 908-p; 3 MeTOH CTBOPEHHA YMOB
«PO3YMHHX MEDEHK». Ul PO3BHTKY — HOPMATHBHOrO  3a0e3neueHHsi  NiABHIEHHS  e(eKTHBHOCTI
— - - . - . . BIPOBADKEHHS TA NOJAIBIIOL POGOTH «PO3YMHHX MEPEHO

9 | Hpuitaarra wmikHapomguux cranmapris, mo | HEK «Ykpenepro», IIpotarom | [IpuiiHsATOo HALiOHANBLHI CTAaHIAPTH, SKI BKJIIOUEHI 10 HAKA3YIO:
OXOIUTIKTh CCpCAOBHILEC «MIKPOMEPCHK» ﬂ,l_l ({prHﬂHu)‘a 2024-2028 TIporpamMu p06iT 3 HaHiOHaJ]BHO.l' CTaHI[apTHBa].[H HA |3 - . .
(Microgrid) JIENEHTPaTi30BaHuX | (32 3T071010) OKiB ; P - - 1. JareepauTH [L1aH 3aXO0/IB OO BUPOBAGKCHHA CYUACHHX CBPOINCHCHKHX
enel(Tp(g)eHei)reTH'{HHx CUCTEM, TII:ipTyaJ]LHHX Minenepro. ’ P Bl'I[IIOBlJIHPIH PIK HIOA0 'HPHHljDIITSI HOBHX .(-ZBPOHeHCLKI{x Ta Ta MDKHAPOAHHX CTAHAApTIB Y cepi PO3BHTKY «PO3YMHHMX Mepex» 10 2035 poky,

e i - ’ MUIKHApOAHHX CTaHOapTiB, 3MIH OO HHMX 3IJHO 3 BHMOIaMH 10 A0AA€THCA.

€JIEKTPOCTAHIITHA SAK HAL[lOHAJIBHHUX: | ONlEpaTOPH CHCTEM CTY 1.8:2022
GaraTouacTHHHI CTaHJapTH IEC TS | posnoxiny A o ' 2. KoHTpoIk 33 BUKOHAHHAM LEOIO HAKA3Y MOKIACTH HA 3acTynHuka Minicrpa
62898, TIEC TR 63410, IEC TS 63189. (3a 3roj010), I'PUHYVYK Ceitnany.
Meton nmpuifHarTa: 3srinmo 3 momanHaM | IEJl HAH  VYkpainu
BiJIIOBITHOTO TEXHIYHOTO KoMiTety | (3a 3rozmoro).
CTaH)IapTﬂsaui'f YKpa'l'HH. MinicTp Tepman TAJIYIIEHKO
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3aKOHOJAaBCTBO YKpalHU @/“’

18 w4epBHa 2024 p. BepxoBHa Paga npurHAJa B [eplUIOMy YWUTAHHI 3aKOHONPOEKT
1010 BUKOPUCTAHHS TEPMIiHOJIOTII y cpepi BHPOBA/PKEHHS «PO3YMHHUX Mepexk» N211083.

3akoH YkpaiHnu «IIpo pyHOK eJIeKTPpHUYHOI eHeprii»:

MiKpoMepe:Ka — rpyla B3aEMONIOB’ iI3aHUX HaBaHTAKeHb | PO3M0/iJiIeHO] reHepaliii i3 BU3HAaYeHUMHU
eJeKTPUYHUMU MeXKaMH, L0 YTBOPIOKTH JIOKAJbHY e€JIEKTPOEHEepreTUYHy CUCTeMYy Ha piBHI
CUCTEMU PO3IOAIJNY eJIEKTPUYHOI eHeprii, dKa Aie 9K €JIWHUU KepOBaHHWM OO€KT 1 34aTHa
IpalBaTH MapajeJbHO 3 00'€HAHOI €HEepPreTUYHOI CUCTEMOK YKpaiHU abo B OCTPiIBHOMY
(i30/1bOBAaHOMY) pEXXHMI MiKpOMepexKi;

KOpMCTYBa4y Mikpomepexi - ¢isuyHa Ta/abo pHUAMYHA 0C00a, sKa BiANycKae (mocrayae)
eJIEKTPUYHY €HePrito ab0 OTPUMYE eJIEKTPUUHY €HEPTil0 Yepe3 MiKpOMEpPEXKY;

3aKkoH Ykpainu «IIpo eHepreTuyHy epeKTUBHICTb»:

CUCTeMa eHepreTU4YHoOro MeHeIKMeHTy MiKpoMepexi - cucreMa 3abe3nedyeHHs
bYHKI[IOHYBAaHHSA Ta KEPYBAaHHSA HABAaHTAXXEHHSMU i pO3MO/iJIEeHOI reHepalli€lo MiKpoMepexi.



IECTS 62898 Microgrids

[lepesik HEOOXiTHMX 10 NPUHMHATTSA MI>KHAPOJHUX CTAaHAAPTIB :

- IEC TS 62898-1: 2017/AMD 1: 2023 Microgrids — Part 1: Guidelines for microgrid projects planning and
specification (Mikpomepexi — HactuHa 1: PekoMeHallil 1oA0 naaHyBaHHS Ta crelrdikallil IpoeKTiB MiKpoMepexK)

- IEC TS 62898-2: 2018+AMD 1: 2023 Microgrids - Part 2: Guidelines for operation (Mikpomepexi - YacTrHa
2: [HCTpyKLil 3 eKcryaTaiiii);

- [EC TS 62898-3-1: 2020 + AMD 1: 2023 Microgrids - Part 3-1: Technical requirements - Protection and
dynamic control (MikpoMepexi. YactrHa 3-1. TexHi4HI BUMOTH. 3aXUCT i JUHAMIYHUHA KOHTPOJIb);

- [EC TS 62898-3-2:2024 Microgrids - Part 3-2: Technical requirements - Energy management systems
(Mikpomepexi. YactruHa 3-2. TexHiuHi BUMoru. CHCTeMH eHeproMeHe KMEHTY );

- IEC TS 62898-3-3: 2023 Microgrids - Part 3-3: Technical requirements - Self-regulation of dispatchable loads
(MikpoMepexi. YactuHa 3-3. TexHiuHi BUMoru. CamoperyJ/itoBaHHSI AUCIeTYePU30BaHMX HaBAHTAKEHbD );

- [EC TS 62898-3-4: 2023 Microgrids - Part 3-4: Technical requirements - Microgrid monitoring and control
systems (Mikpomepexi. YacTrHa 3-4. TexHiuHi BUMOTH. CUCTEMH MOHITOPUHTY Ta KEPYBAaHHS MiKpOMeEpeKaMHU.

- IEC TS 62898-4: 2023Microgrids - Part 4: Use cases (MikpoMepexi. - YacTruHa 4: BapiaHTU BUKOPUCTAHHS )

. e, o e



IECTS 62898-1 TaIECTS 62898-4

Preliminary study
Clause 4,5,6,7

IEC TS 62 898 - 1 MiCTHTb peKOMeHAaui.l. moﬂo HJIaHYBaHHH Ta - Determination of user objective and future needs

P| - Check availability of a wider electric power system

cnenudikanii nmpoektiB MICROGRID Ha piBHIi HM3BKOI a6o0 ot
cepeAHbOI HANPYTH.

[lepenbayeno, no HeizosboBaHi MICROGRID MoXyTh BUCTymHaTH fK O ek
KepOBaHi eJIEeMEHTH €JIEKTPOEHEPreTUYHOI CUCTEMH Ta MPAIlOBaTH Y e B
ABOX peXHUMax: vt

- Technical requirements for distribution lines
- Technical requirements for microgrid connection

- p e)KH M Hp I/I EAHaH HH AO eH epFO CI/I CTe M I/I; - Technical requirements for control, protection and communication systems

- O CTp i B H I/I ﬁ p e}I{I/I M . Mit:rogridcil);:jseect1 ivaluation

| - Microgrid reliability, economic, environmental and scalability evaluation.
- Integration to a wider electric power system.

Planning
Clause 8,9

v

IEC

k. BUC A: Customer service by islanding

- Ty
% T ;ﬁl’{
| Pl
| : k. BUC B: Electrify remote areas using RnE

IECTS 62898-4 Hapae HaGip BapiaHTiB BUKOPHCTaHHS, I10B A3aHUX oo

3 MICROGRID sk ¢opMow0 «JeneHTpPas1i30BaHOI eHepreTUu4YHoil . I i i
cucreMu». [leneHTpasi3oBaHi eHepreTU4YHi CUCTEMU - HeBeJUKIi : o
eHepreTUYHi CUCTEMH, IO MICTATh HABAaHTAKEHHs Ta PO3MOJIEH] mwrﬂ »== R
eHepreTU4YHi pecypcu (reHepailisi, 36epiraHisi) 3 JAeleHTpaai30BaHUM e T} i . —
KepyBaHHSIM €HeprornocTayaHHsIM. . | ER=E -2

k BUC E: Interconnection of microgrids

- E @ | " @ [
U T

PQ: load (reactive and active power)

. e, o e




IECTS 62898-1

OCHOBHI ClLieHapil BUKOPUCTAaHHA MIKpOMeEpex:

a) MiKpoMepexXi, CTPYKTypa sIKMX CIPpAMOBaHA HA MiABUILEHHS HAJIMHOCTI Ta 3a0e3le4YeHHA O6e3lepepBHOCTI
€HepronoCcTayaHHs MPUEAHAHOT0 HABAHTAXKEHHA ab0 MOro 4YaCTMHU 3a JONOMOI0O MOXKJIUBOCTI po60TH B
OCTPiBHOMY peXuMi. B iboMy BUIIaJIKy MiKpoMepexa MOXe Oy TH, HallPUKJIa/l, YACTUHOI0 Mepexi pO3IO/iTy 3arajbHoil
NPU3HAYEHOCTI, 10 OOCAYroBYE IIMPOKE KOJIO CIIOKMBA4iB, ab0 MIKpOMeEpEeXew OKpPeMOro OO0€KTAa, HaMpHUKJIA/J
KOMEPLINHOI CTPYKTYPH, BiICbKOBOI 60a3H, JIiKapHi;

b) MikpomMepexi, CTPyKTypa SAKHX CHpPsIMOBaHA Ha 3HWKEHHS BUTPAT Yy BUNAAKY 3a0e3ledYeHHs
eJICKTPOEHEePri€l  BigJa/leHUX PpaloHiB, AJA SKHX OpraHisamiga HaAIAHOr0 LEHTPaJIi30BaHOro
eJIEKTPONOCTAaYaHHS € HAATO BUTPATHUM. fK NIpHKJIa/l, i30/IbOBaHI MiKpOMeEpEXKi J1Jisl eJIeKTPONoCTad4aHHs 00 €EKTIB B
ClJIbCBKOI MICLIEBOCTI;

C) MiKpoMepeXi, CTPYKTypa SAKHX CIIPAMOBAHA HA 3HMXKEHHSI BUTPAT Ha eJIEKTPOEHePril AJid iX KOPpUCTyBadiB
LUIAXOM OITUMA/IbHOT0O BHMKOPUCTAHHSA BJIACHUX aKTHUBIB TaKHUX, K YCTaHOBKM 30epiraHHs eHepril (Y3E),
JIUCIIeTYEpU30BaHe HABAHTAXXEHHS Ta F'eHEPaTOpH;

d) MikpoMepexXi, CTPYKTypa AKHX CIPSIMOBaHA HA 3a06e3NeYeHHA CTiMKOCTI eJIEKTPONOCTa4YaHHA A0 CTUXIMHHUX
JIUX IWIAXOM ONTHUMAJ/JIbHOIO BUKOPUCTAHHA BJIACHUX AKTUBIB, TaKUX $SIK YCTAaHOBKH 30epiraHHsi eHeprii,
JUCIIeTYEepU30BaHe HABaHTAXKeHHS Ta reHepaTopu. MikpoMepeki Takoro TUMYy JOLiJIbHO OyAyBaTH B palioHaX, /i€ 4acTO
CIIOCTePIraroThCAd Pi3HI NPUPOJHI ABUIIQA, 34aTHI CYTTEBO BIUIMHYTH Ha AKICThb €JIEKTPONMOCTA4YaHHA. BOHM Takox
Npu3HavyeHi AJi1d 30H, e HeoOXiiHI MOKpallleHi MOKa3HUKHU eJIEKTPONOCTa4aHHA [Jid AeIKUX KPUTUIYHUX HABAaHTAKEHb
TOLLLO.

. e, e e



IECTS 62898-2 IECTa TS 62898-3-1

Utility grid

IEC TS 62898-2 3actocoByeTbCca A0 ekciviyatanili ta KepyBaHHd MICROGRID, |L
BKJIIOYAIOYH: Boows sicemmicsion & = =
* peXXUMHU POOOTH; s G .
* 3araJIbHUM ONUC CUCTEM eHeproMeHeaKMeHTy Ta ynpasaiHHA MICROGRID; i i
e IPOLIE/IyPH 3B'A3KY Ta MOHITOPUHTY; :~~|“——-’|":——-1 |h_|_ |_n; I-.____._ g
* BUKOPUCTAHHA HAKOIIM4YYyBayiB eJIeKTPUYHOI eHepril; Inl _di Coij‘e"r‘“*“ IL IL L .
e MIPUHLUIM 3aXUCTy, 110 OXOIUIKIOTh: HeizosboBaHy  MICROGRID, i3o/iboBaHy o || ﬂ[& k|
MICROGRID, cuHxpoHi3alito Ta IOBTOPHE BKJIIOYEHHS, AKICTb eJIEKTPOEeHePrii; I | Lo ‘“:’.;:Zi';iz?i[;;r ’f st o5

e BBE/IEHHS B €KCIJIyaTallilo, TeXHiYHe 00C/yrOByBaHHS Ta BUIPOOYBaHHS. e L o

IEC TS 62898-3-1:2020 micTuTh pekoMeHAaLii moa0 cnenudikanii 3axXucTy Bij,
BiAMOB Ta AMHaMiyHOro kepyBaHHA B MICROGRID 3az151 3a6e3ne4eHHsI 6€3MeYHO1 Tertiary control - Optimal operation
Ta CTIMKOI IX p0OOTHU B YMOBAX 3001B Ta 3aBa/,.

CTaHAapT BU3HAYa€ NMPUHLUMIOU 3aXUCTy Ta AWMHaMiyHoro ymnpasJsiHHA MICROGRID,
3arajibHi TeXHIYHI BUMOI'M Ta Cleljia/ibHI TeXHIYHI BUMOTHY IOA0 3aXUCTY BiJ, BIZIMOB
Ta JUHAMIYHOTIO YIIPaBJIIHHA.

Secondary
control

- Voltage stabilization
- Frequency stabilization

- Quiput control

- Load sharing

- Islanding detection

- Plug and play of DGs

St =So- Ko (P-F)

IEC

U= U,-Ky( 0-0,) Figure 3 — Hierarchical control levels of a microgrid




IECTS 62898-3-2

Crangapt IEC TS 62898-3-2:2024 MicTUTh TexHI4YHI

BUMOT'U 111040 eKCIIyaTaril CUCTEM

eHeproMeHeKMeHTY MiKpoMmepexX. Y [1bOMy JOKYMEHTI

OIMCaHI KOHKPETHI peKoMeHallil JJid CUCTEM HU3bKOI Ta " Distribution dispatching |

cepeZiHbOI HallpyTH. | (ispaencente |
OcHOBHa yBara MNpPUAJISETbCA PO3POOLI CTaHAAPTIB -,

CUCTEM  EeHeproMeHeI»KMEeHTy, NpU3HAYeHUX  JJd

Protocols: IEC 60870-5-101/-104, IEC 61850-8-1/-90-2
DNP3, IEEE 1815
Communication media: fiber / twisted pair / wireless

: : : : —
Microgrid, iHTerpoBaHuX [0  JelleHTpasli30BaHUX o ctgiierey
eHepreTUYHUX CUCTEeM abo cucTeM po3nojiny. HaBemeHo Webprotocole Apl, | Menagement SysEm)
. . . web Sel’é\;:g?nsleeEST for Protocols: IEC 60870-5-101/-104, IEC 61850-8-1/-90-2
OIIMC CUCTEM YyIIPaBJIIHHA €HEePIroClioOX)KMBaHHAM Mlcrogrld DNP3, IEEE 1815, modbus, PQTT
. . . Communication media: fiber / twisted pair / wireless
Pi3HMX  yYacCHUKIB  (KOMYHaJIbHUX  MiJNPHEMCTB, i
BUPOOHHUKIB Ta IOCTavyaJbHUKIB eHeprii) y peaJbHUX £ cantrr systeme)
IMIJIOTHUX IIPOEKTAax Ta BapiaHTaX BUKOPHUCTAHHA. Protocol: MODBUS-RTU/MODBUS-TCP/IEC 60870
. . o Communication media: fiber / twisted pair / PLC / wireless
]_IIJII ObOro AJOKyYyME€HTa — HaJAdTHW 3draJibHHUH OIIHNC
Cy49aCHOI'O CTaHY iCHy}O‘-II/IX CUCTEM €EHEPIrOMEHEIKMEHTY,
AKi BUKOPUCTOBYIOTLCA B peasibHUX NpoeKTax Microgrid, DER Ess Load PoC f’{é’é%ﬁgi’ﬂ/"‘nit'}ts)
ranstormer / etc.
KaacudikyBaTH BigmoBigHi QyHKLii, gKi MOXyTh 6yTH Ec

BUKOHaHI 3a JONOMOLOK CUCTEM eHeproMeHeIKMEeHTY
Microgrid, Ta pekoMeHAyBaTH HEOOXi/IHI TEXHIYHI BUMOT'H
Jl0 CUCTEM eHeproMeHe»KMeHTy MarOyTHix Microgrid.



IECTS 62898-3-3

PA

Y cranpapri IEC TS 62898-3-3:2023 po3risgaaeTbes rarow /7T o
cTabiyizanifa 4acToTu Ta Hanpyru Microgrid 3MiHHOTO i,,;s;;kw | e
CTpyMy 3a JIOTIOMOT 010 JAUCIIETYEPU30BAHUX AP e ST
HaBaHTaXXeHb, AKI aBTOHOMHO pearymTb Ha 3MIHHU ,,/’/ ___________
YaCTOTH Ta HANPYTH NPH 3MiHi CIOKUBAHHSA aKTUBHOI ,,:j:'::,x"/ -------------- e
noTy>HocTi. OxormaoroTbcss Microgrid i3 4acToToro ’,,:{':_’{'_’_'_' """"""""
50 I'm i 60 I'u. ¥ nboMy cTaHAApTI HaBeJEeHO BUMOTHU R H Ry e
11010 iMiTaLii eheKTy caMOperyJItOBaHHS HABAaHTAKEHb, o
y TOMY YMCJIi LITYYHOI iHepIil. s trequency, exprossed in hertz

Y cTaHapTi onKCcy0ThCA K 6€3MepepBHO KEPOBaHi 7 foadpoer ofiheflom of equipment, expressedin fowatte

. Figure B.1 — Example of P(f) self-regulation in an isolated microgrid

HaBaHTaXXEHHS 3 KOHTPOJIEM 3MEHIIEeHHA IX 3Ha4YeHHH,
TakK 1 HaBaHTa>KeHHY], LLLO HepeMI/IKaIOTbCH 3 l'gteos%e;z[lzgtjiuolr?;i-on behaviour of the load in this example can thus be described by the following
[OeTAalHUMU Ha/IallITYBAaHHAMM.

Cdepa 3acTocyBaHHS LIbOTO CTaHAAPTY OOMerkeHa P(v)=o for = 200V (8.8)
HaBaHTAXKEHHSAMY, NiJKJYEHUMU [0 PiBHA HANpPyru §(0)=22, [1+01.(0-210)] 200\ < 1< 210V 5.9
1o 35 kB.

P(U) =B, for 210 V< U< 250 V (B.10)
P(U) =min{B,, -[1+0,1-(U -250)].2,..,} for Uz 250 V (B.11)

Y |}
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EDMS
/0 MOHITOPUHrY Ta ynpaBaiHHA Microgrid. Lleit ctanaapt |
3aCTOCOBYETbCA [0  HEi30JIbOBAaHUX ab0  i30JIbOBAHUX — eoost CTTTES M B e
Microgrid, iHTerpoBaHux i3 po3INOAiJIeHUMU eHepreTUYHUMHU S it SO s e
: : : ‘ 5 | Tme
pecypcaMu. Y CcTaHZApTl ONHCAaHI KOHKpPETHI peKoMeHJallil aten | SorerA  Seners  Worstatn Tovcs T aren "

T ¢ S8 v o
|

Juis Microgrid HM3bKOI Ta cepeJHbOI HAallPyTH. o i | sl ‘
Y nOKyMeHTI OCHOBHA yBara NpUAIJIAETbCA CTAaHAAPTU3ALl - | |
apxiTeKTypH, PYHKI[IK Ta POOOTH CHUCTEM MOHITOPHUHIY Ta p— ot |
ynpasiaiHHA Microgrid (MMCS). PoskpuBaroTbCc 3arajbHi = f
dynkuii MMCS (30kpeMa i onTuMizaniiHi 3ajadi, 3ajayi - ——
NPOrHO3yBaHHS ) Ta HABOASATHCS TeXHIYHI BUMoru 0 MMCS. _ = " [i,‘
|

[ler IOKyMeHT BKJIIOYA€E HACTYIHI acnekTu MMCS: c

- apXITEKTYypy CUCTEMH, m m

- 00MiH iHdpopMalli€lo 3 IHIIMUMU MPUCTPOAMHU /QYHKLIAMU Y Freraysiorage 1 Enere stoese 2

MiCrOgrid, Figure B.4 — The main structure of MMCS
- BHUMOTHU 10 MIPOAYKTUBHOCTI,

- OIMC OCHOBHHUX QYHKIIIH.



PeaJtizanifi miJIOTHUX IPOEKTIB 3 pO3p006JJIeHHS Ta BIPOBaAXKEHHA MIKpoMepex -”G/

5’%‘6’3’3‘:‘5’6‘;‘:’.‘2"&' BukopucTaHHS KOHTpoJiepa MiKkpoMmepexKi Ha The
Y MICROGRID 6asi I, AkuK pPoO3pOOJAAETBCA B MNPOEKTI u N
OMM, JI03BOJIUTD epeKTUBHille
BUKOPUCTOBYBATH iCHYIO4YE 00JIa/ITHAHHA [OJIA: UKRAINE
2> IN UKRAINE, - 3abe3nedyeHHs HAJIMHOTO >KUBJIEHHS
(OM M) KPUTHYHUX CII0UMBAYiB; Benvka BputaHis niatpumye YkpaiHy
- 3HW)KEeHHs BUTpAT Ha  KYIiBJIO e —
*Iygﬁ‘ ”””””” - eneKTpoeHepri}o IJISIXOM | KoperBaHHH
Ry, Syt _ rpadiky  CHOXMBAHHSA  BIANOBIAHO 10
| ‘ | JIMHAMIYHUX Uig;  Innovate Ukraine Green
: §¢ ; df* : - HaITaHHA OIlepaTopaM Mepex MOCIAyru 3 Innovation Fund launches to
| senerorun || cssmegaon [*{ et ] peryatroBaHHs HaIpyry, KoMmneHcanll  rebuild UKraine’s energy
: v*‘:v-\« 77777777777777777777777 | 1 1 : peaKTI/IBHOT HOTY)KHOCTi, 0OMeXKeHHd sector
| R L1 I il B CIIO’KUBAHHA  AKTHUBHOI  IOTYXXHOCTI  Ta
| e - ; : | aBapiiHOro BiZIHOBJIEHHS
: %IEHZH ’ ;Lgmtd < “;?EDmtd : [IpoeKT BUKOHY€ETbCA B Mexax nporpamu Innovate Ukraine, 1m0 peanisyeTbcs, BpuTaHcbKkuM
: —— : iHHOBallilHUM areHTcTBOM, "IHHOBaLiMHA YKpaiHa - MNiATPUMKA €eHepPreTUu4YHoro
| crcainfrastrucures |« ’ user interface | BilHOBJIEHHs YKpaiHU" B nepiox 2024-2025 pokiB. Y BUKOHAHHI NIPOEKTY OepyTh y4acThb
|m J' oprasisalii Ta HayKoBi 3aKJiaJu 3 YKpainu Ta Besinko6puTaHil.

) NNVOTEK ITEK university of Ul sicame

Energy in action UKRAINE




Okpemi QyHKIIII IVTaHYBaHHA MiKpoMepex

Jlnsg QyHKIIK MiKpoMepeXi BHOKPEMJIIOIOTbCS 3ajladi IJIaHYBaHHS, B SIKUX (POPMYIOTbCS ONTHMaJIbHI
rpadikv eKcrJyaTalil CKJIaJJOBUX Mepexi /s JOCATHEHHS 3a/IaHuX 1[iJIel, a TaK0K KOMaHW yIIPaBJIiHHS

CEM g4 peaJtizalii 3anjiaHoBaHUX rpadikis.

=N 1=% UK International
'aFmDeveIopment

Sy MICROGRID

»» IN UKRAIN

(OMM)

Y .}

4 3apaui nnaHyBaHHA N

®dopmyBaHHS ONTHUMATBHUX rpacbucna\
qnyHKmOHyBaHHsI MIKPOMEpEIKi Ha

3a/1aHMi TIepiot
(Ha po3paxyHKOBY 1100y, Ha 3a/laHHii
4ac 130JIbOBAHOTO PEXHUMY 1T.1.) Y,

A\N

4 CuryaTiBHE KOPHTYBaHHS rpa(b1K1B>
(yHKIIOHYBaHHS MIKpOMEpEsKi 3a
3HAYHHMX BIIXUJICHb (aKTYHHX

3HA4YCHb 10 3aBCPUICHHSA 3a/1aHOT'O

XapaKTePCTHK Bill IPOTHO30BAHNX <ff—b

>
P

\\ nepioay //

Komanau ynpasniHHa CEM
018 peani3auyii nA1aHoBUX pexcumis

YnpaBniHHA NOKaNbHOI reHepau,ieto
YnpaBniHHA eNeKTPOCNOXUBAHHAM
YnpaBniHHA pexxnmammn Y3E
PeryntoBaHHA iHBepTOpPIB ANA
YyNpaBAiHHA peXnumamm peakTmsy

MOHITOPUHT BiaXxnneHb GaKTUYHMX
XapPaKTEPUCTUK pexumy
MIiKpOMepeXi Bif NNaHOBUX 3HAYEHb




OcHOBHI LTI IVIaHYBaHHA QYHKIIA MiKpoMepexi

3a i30JIbOBAHOI'0 peKUMy pPOO6OTH MIKpoMmepexki OoCHOBHA Liib ¢yHKLin CEM - JoTpMMaHHA IUIAHOBUX OOCATIB
eJIEKTPOCIIO>KMBAaHHA 3 METOI0 3a0e3NeYeHHA KPUTUYHUX CII0KMBaYiB Ha 3aJaHuil yac h=[1..n]:

n
Min z |wp et — wpna
h=1

B yMoBax »XMBJIEHHS BiJl CUCTEMH PO3MO/IiTy TAKOXK MOXKE BUHMKATH 3a4a4a ZOoTpUMaHHA 3agaHuX OCP o6MexkeHb 00CATiIB
eJIEKTPOCIOKMBAHHA:
o6M dakr —
Wyt = W, Vh = [1..1]
Toni wisib 3aa4yi NIaHyBaHHA rpagikiB yHKIiOHYyBaHHA MiKpoMepexi noJisAra€ y MiHiMizanii BTpaT niaznpueMcCTBa,
II0B’AA3aHUX i3 00MEKEeHHM B 00CArax eJIEKTPOCIOKUBAHHS:

n
. BUTp
Min z(Ah )
h=1
3a BiACYTHOCTI OOMeXeHb Ha OOCATrd eJIEKTPOCHOKUBAHHA A/ MiANPUEMCTBA OCHOBHA Lijib oONTHUMIi3alii

PyHKLiOHYBaHHA MiKpoMepexXi - 3MeHIIEeHHS1 BUTPAT Ha 3aKymiB/II0 eJIeKTpoeHeprii y mnocrayajJbHUKa 3

ypaxyBaHHSIM BUTPAT, OB’ I3aHUX 3 peasli3anieo GyHKIiN yripaB/JIiHHA MiKpoMepexXelo:
n

. 11 [Tignp BUTp
Min Z(ChOCT-Wh + A7)
h=1



Okpemi QyHKIIiI peastizanii rpagikiB po60TH MiKpoMepex

1. lis1 pery/ibOBaHoOi JIOKaJ/IbHOI reHepauii (Hanpukaaj, Au3e/b-reHepaTopHy) — Ha eTanmi
IVIAHYBaHHA (OPMYETHCSI ONTHUMAJIbHUM rpadik 3aBaHTaKEeHHSI BUXOAAYM i3 006CAry
HassBHMX eHepropecypciB. 3a notpebu o6ciar HassBHHUX (HAKONMWYEHUX) eHEepropecypciB
KOPUTYETbCSI SIK KPUTepid AOCATHEeHHS 3aJlaHoi Iiijli, ab0 BHU3HAYAETHCS PO3B’SI3aHHAM
okpeMoi 3aaau4i ontuMiszalil. Komanau CEM peasiisyroTh BU3Ha4UeHUHW Ha eTani

2. lns HeperyiboBaHMX Axepes redepauii (BAE) komanau CEM peastisyl0Tb KOHTPOJIb
npodiuuTy reHeparnii. 3a/laua KOHTPoOJIIO 3a npodinutoM reHepanii BJE craBuTbca Ha
MiAIMPUEMCTBI y HAaCTYITHUX OCHOBHUX BUINIAKaAX:

3. YnpasJiiHH pe;xxumamu Y3E

fAKio Ha eTamni NJIaHyBaHHS PEXUMIB POOOTU MiKpoMepexxi GOpPMYETbCA ONTHUMaJIbHUU
rpadik Y3E, To ¢yHkuii CEM 3BoaaTbcA A0 HaACWUJIAaHHA KOMaHJ, peastisaliil MJIaHOBOrO
rpadika.

Ao Y3E BUKOPHUCTOBYETHCA [Ji1 OaJIaHCYBaHHS PEXHUMIB MiKpoMepexi (Hampuk/aj, B
yMOBaxX i30JIbOBaHOI pOO0TH), TO Ha eTami maaHyBaHHs s CEM ¢opmyroTbcs QyHKI
yrpaBJiiHHA Y3E B 3a/1€2KHOCTI BiJi KOHTPOJIbOBAHUX [TAPaMETPIiB PEXKUMY MiKpOMepexi.

MomyxcHicme
A 2enepauii OnTMmanbHu rpadik

3dBaHTa*KEHHA

[omys#cHicme
A eeHepayii

Mpadik signycky
/eneKTpoeHepri'l' Big BAE

B MiKpOMepexi

ObmexeHHs
2eHepauii BAE

Yac

A

MomyxHicmo
Y3E

HaKkonuyeHHA

V3E Bionyck Y3E




[Ipuxkiaaau onTuMisalii pexkumiB PyHKIiOHYBaHHA Y3E B MiKpoMepexi

100,00 Ipadixu moTykHOCTEl MiKpOMEPEKi 002 35,00 I'padiku pynkmionyBands Y3E Ha 21.06.2023 40,00
28,88 Ha 21.06.2023 6’00 , 30,00 35,00 g
) > = ~
70,00 . 2 25,00 30,00 Z
= s o c CQ
2 60,00 3 2 20,00 0%
5 50,00 4,002 o = o 20,00 &
40,00 3,002 © = 15,00 5
30,00 © = %0 g
’ 2,002 =
2000 : 2 10,00 10,00 %
10,00 1,002 5,00 ‘ I | | 500 ©

0,00 0,00 2 [

0,00 0,00

1 3 5 7 9 11 13 15 17 19 21 23
1 3 5 7 9 11 13 15 17 19 21 23

inn == [locTayaHHs CnoxxuBaHHS
pimnyck CEC == OGMeskerns CEC 3anoBHenHs Y3E W Hakonumuenus B Y3E M Bignyck 3 Y3E
hob6a 3MeHLWeHHA BapTOCTi 3aKyniBAi eNeKTpoeHeprii
CEC (3a goby) Y3E (Ha 1 uukn) CEC T1a Y3E (3a goby)
22.12.2023 518,202 (7,72%) 185,132 739,822 (11,03%)

21.06.2023 2 506,832 (46,17%) 165,232 < 166,672 2 725,812 (50,20%)




O6MeXeHHs MiHIMa/IbHOI BUT'OAM BiJi BUKOPUCTAaHHA pecypciB Y3E "e

be3 o6MexxeHHS MiHiMaJIbHOI BUT'OIU: 3 0GMexeHHAM MiHIMaIbHOI BUTOIM:

35,00 Tpagiku ynxmionysanms Y3E na 27.07.2023 40,00 35,00 rpa‘bi‘gl Symeomynanng PR ua 2 0202 — 40,00

30,00 35,00 30,00 35,00 =
S 25,00 30,00 2 S 25,00 30,00 2
5 20,00 2,00 5 20,00 25,00 %
g 15,00 20,00 = 3 15 00 20,00 £
S 15,00 2 g 15,00 £
£ 10,00 10,00 & < 10,00 10,00 2

5,00 500 o 5,00 500 ©

0,00 0,00 0,00 I 000

1 3 5 7 9 11 13 15 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23

®3anoBHeHHs1 Y3E M Hakonuuenns B Y3E ™ Binnyck 3 Y3E ®3anoHenHsa Y3E B Haxonuuenns B Y3E  ® Bianyck 3 Y3E




CHcTeMH HAaKOIIMYEHHSI Ha aKyMYJ/IITOPAX MOBTOPHOIO BUKOPHCTAHHS
Ta KEPYBAHHA MIONMUTOM

MoOGi/IbHMI IPUCTPiNl HAKONMUYEHHA eHepril 3i BMiHHMMHU aKyMY/JIATOPHUMHU
6aTapessMU NOBTOPHOI'0 BUKOPUCTAHHS
Mobile Energy sTorage uniT with swappabLe second-lifE battery
(‘METTLE’)

OCHOBHOI0 METOI TPOEKTY € po3poOKa TexXHOoJIOTil, fKa HaJa€ HOBe XUTTH
BiZiIlpalibOBaHUM aKyMYJIITOPHUM OaTapesiM eJIeKTPOMOOIJIiB B cUCTeMax 30epiraHHs
eHepril.

lle rHy4ka cucteMa 30epiraHHsl eHeprii, dKa JIETKO IHTEerpyeETbCA 3 KOMIIOHEHTAMH,
: Y Development TaKUMM SIK CUCTeMa KepyBaHHA OaTapesaMu (BMS), 610k ch0BOro nepeTBOprOBaya
Partnership | Progress | Prosperity (PCU) Ta iHTesieKTyaJibHA CHUCTEMAa MOHITOPHUHIY Ta KepyBaHHS MNPOAYKTHUBHICTIO
| (Digital Twin).




BUCHOBKH

[I[puHATTA Ta nojasiblile BUKOPUCTAHHSA MIKHApPOAHUX CTAaHZAPTIB B cdepi MIKpoMepexK sK HalliOHaJbHUX
CTaHAApTIB 3a0e3neYyuThb MiArOTOBKY BiJINOBiIHOI HOPMAaTHMBHOI 6a3W, BHMOr /[0 3arajJbHHX IlapaMeTpiB
MIKpOMepeX, CKJIaZy CUCTEM KepyBaHHA HUMH, OCHOBHUX HANIPAMKIB 1X BUKOPUCTAHH4, 1[0 CTAaHEe MiAIPYHTAM /4
dbopMyBaHHSI TEXHIYHUX BUMOT [0 MiKpOMepeX Yy BiZMIOBIAHOCTI A0 Mi>KHApPOJAHUX CTAHAAPTIB, MPOIMO3UILIiK 100
3MiH A0 Kopekcy cucTeMy po3MoAijly, BU3HAYEHHd ILJIaHIB 3axO[iB 100 BIIPOB3a/KEHHS MIKpOMEpeX Ta
[epPCIEeKTUBHUX IIJIOTHUX MIPOEKTIB.

AHas1i3 BUMOr' Ta BIPOB3aJKE€HHA BIiANOBIAHUX CTAHAAPTIB, a TAKOX peaJiidainis OiJIOTHUX NPOEKTIB €
OCHOBOIO /i1 HMiAroTroBKy npoekty IlnaHy 3axofiB 3 BOpOBa/KeHHA MIKpoMepeX B YKpaiHi AJA pi3HUX
TUIIB KOPUCTYBayiB.

BripoBamkeHHS TeXHOJIOTIW MiKpoMepex B YKpaiHi nepejbadyae po3B'sA3aHHA 1[IJIOI HU3KKM HAYKOBUX Ta HAyKOBO-
NPAaKTUYHUX 33/1a4, [TOB'A3aHUX 3 PO3POOKOI0 MOJiesier pO3PaxXyHKIB PEXXUMIB pOOOTH MIKpOMEpPeXK Pi3HUX KJIACiB
Hanpyry, Mogener GyHKI[IOHYBaHHS 00J1aiHAaHHS B CKJIaJli MiKpoMepeX, MojieJier JJis1 aHaJli3y BIJIMBY PEXUMIB
pOOOTH MiKpoMepeXk Ha NapamMeTpPH SKOCTI eJIEKTPUYHOI eHeprii, onTUMi3alil GyHKLUiIOHYBaHHA MIKpoOMepex B
Pi3HHUX pexuMax ix pob0TH, 10 € OCHOBHOIO /ISl IIJIAHYBAaHHSA Ta peaJli3aliil MiJIOTHUX MPOEKTIB 3 BIPOBA/PKEHHS
MIKpoMepexX B YKpaiHi, YIOCKOHAJIEHHS CHUCTEM Ta YCTAHOBOK 30epiraHHs eJIeKTPUYHOI eHepril, pO3BUTKY
HOPMAaTUBHOI Ta PETyJISITOPHOI 6a3M.

Y |}



HauioHanbHa akagemia Hayk YkpalHW

IHCTUTYT
eNeKTPoaAMHaMIKUA

=
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3aCTyNHUK AUPEKTOPA iIHCTUTYTY 3 HAYKOBOI pOGOTH

AHKY}O 3ad YBaI‘Y! n-p TexH. Hayk, npod. ITOP BJIITHOB
Tes. (044) 366-24-43

blinovihor@gmail.com

HalioHanbHa akageMis Hayk YKpaiHu

e-mail- ied1@ied.org.ua

YKkpaiHa, 03057, M. Kunis, mpocnekT [NepemMoru, 56
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