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ENEKTPO

PeKOHCTPYKLUIA eNeKTPUYHNX Mepex Ta
NIOCTaHLIY HA OCHOBI CYyYaCHUX
LNAOPOBUX TEXHOMOTIN

MeHepanbHuit gupektop TOB "HTK EHIMACEIEKTPO", BoHgapeHko KO.M.

Biue-npe3naeHT, ronosa TEXHIYHOrO KOMITETY
I'C "MixxHapogHa paga 3 Benukux enektpoeHepretudHux cuctem CIIFPE B YkpaiHi”

3acTynHuk MeHepanbHOro AupeKTopa 3 po3BUTKY FomoHan B.M.
TOB "HTK EHIMACEJIEKTPQO"

ekcnept C "MixHapoaHa paga 3 BENUKUX ENEKTPOEHepreTMHHNX

cuctem CIIT'PE B YkpaiHi"
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CIGRE SEERC SAEKTRO

YKkpaiHa BxoauTtb B CIGRE (MixxHapogHa paaa 3 Be/IMKUX eNeKTPOeHepreTUYHuX
cuctem) 3 2004 poKy

Oxxepeno iHpopmauii
CBITOBUX TEXHONOTIN
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Kapta CIGRE

60 HauiOHAaNbHUX KOMITETIB MO BCbOMY CBITY
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CIGRE SEERC SRl

YKpaiHa 3 2013 poKy uneH Komitety KpaiH lNisgeHHO-CXigHOI
€sponu (SEERC)

Kapta SEERC

e Austria

* Bosnia and Herzegovina

* Croatia

e Czech Republic & Slovakia
e Georgia

e Greece

* Hungary

e ltaly

* Kosovo

* Montenegro
e North Macedonia
e Romania

e Serbia
e Slovenia
e Turkey
e Ukraine

CIGRE, 2019
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1-n SEERC KonokBiym «HauloHanbHI eHepreTuyHi i sneKTro

KnimaTtuyHi ctparerii 2030 Ta BUK/IKMU
€IeKTPOEHEepPreTUYHOro CEeKTopy»

.' i\ Goge| &

CIGRE, 2019
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CIGRE: Electricity supply systems of the future Efidc

ENEKTPO

= Active distribution networks

= Digitization of electric power units

« Direct current [DC] and power electronics
- Energy storage systems

= Active customer interactions

= New protection concepts

| w B — Electricity supply
< New transmission/distribution interfaces, systems of the future

increasing environmental constraints

= System technical performance assessment

« Increase of right of way capacity

= Keeping stakeholders aware of the technical and commercial
consequences

= Decentralization — Decarbonization - Digitalization

CIGRE, 2019
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CBiT pyxaeTbcsi B Hanpsimky 3D EAEKTPO

DECARBONIZATION

DECENTRALIZATION DIGITALIZATION

CIGRE, 2019
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Efildc

ENAEKTPO
DECARBONIZATION - nepexio 000 eKoOnoriyHo 4uctoi, «besByrneueBoi»
€HepreTukn 3a paxyHok: 36inbweHHA 4acTkm BOE B eHepreTyHOMy OGanaHci,
NPUPOCTY YacCTKN enekTPOTPaHCNOPTY | BUCOKUX MOJAaTKIB Ha BUKOPUCTAHHS

BMUKOMHOIO narinmea.

- /

4

4 )

DECENTRALIZATION - nepexin OO0  TepuTopianbHO  poO3noAgineHol
efIeKTPoOeHepreTUkn 3 BESIMKOIO KiSIbKICTIO APiOHMX NOKanbHUX BUPOOHWUKIB.

o ‘ %
4 o N )
DIGITALIZATION (oundpoByBaHHS) — 03Ha4ae nepexig, iHgoopmauiHOro nosist Ha
undposi TexHosorii. AGo, iHWMMKM cnoBamMu, NepeBeneHHS NeBHOI iHpopmadii 3

aHanorosoro B undgposun opmat anga 1l nerworo noganbLlioro BUKOPUCTAHHA
Ha Cy4aCHUX efneKTPOHHUX NPUCTPOSIX. y

CIGRE, 2019
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EREKTPO

KomeHTap:

B cBiTi npoBigHumu BnpobHMKamm (GE, SEL, ABB, Siemens Ta iH.) cTBOpeHi
umndposi ACK TIN niactaHuin (=100 niacTtaHuin).

Bci Ui npoeKkTn € «niNOTHUMKU». BOHW He NpautoloTb B CKAA4i aBTOMATU30BaHOI
CUCTEMMN KEPYBAHHA EHEProCUCTEMOLO.

Lindposi ACK Tl cTBOprotOTLCA BiAOMUMM PipMaMn-BUPOOHMKAMM, BNACHUKN
nepenaroTb HA CYNPOBOAMKEHHA Ui NiACTaHUIT NiapAaaHUKamM. Ona YKpaiHn —
BpaxyBaTu CBITOBUIM A0OCBIA i Aopy4aTh PpaxiBLAM CTBOPEHHA | 06CNyroByBaHHS
umdposux ACK Tl Ha miacTaHuiax.

CIGRE, 2019
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XTO BigNOBiAa€ 3a TeXHIYHY NONITUKY B eN1eKTpoeHepreTuui EREKTPO
YKpaiHu

- HKPEKTT;

- MiHeKoeHepro;

- MiHicTepcTBO ¢iHAHCIB;

-  YKpeHepro;

- EHeproatom;

- YKprigpoeHepro;

- Tennosa reHepauis (OATEK);
- ObneHepro;

- [lpnBaTHI KOMNaHii;

- Cnomnsau

CIGRE, 2019
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ENEKTFPO

CAPACITY OF ELECTRICITY EXPORT/IMPORT FROM/TOTHE IPS OF UKRAINE

BELARUS
. . Capacity export / import
Installed capacity 54,83 GW < 900 MBT RUSSIA
- TPPs - 27,80 GW POLAND Capacity export / import

= 3000 MBT
Capacity export

- CHPPs and other TPPs - 6,59 GW . /
- NPPs-13.84 GW —
Burshtyn TPP Island

- HPPs, HPSPPs - 5,81 GW
SLOVAKIA\ Capacity export
- WPPs— 0,43 GW e

- Solar PPs - 0,36 GW HUNGARY 7 an
MOLDOVA

Capacity export / import
< 700 MBT

= Electricity Generation in 2015 was 157,67 TW-h
= Electricity consumption - 118 billion kW/h ROMANIA

CIGRE, 2019



VI BCEYKPAIHCBKWIA CEMIHAP IHXXEHEPIB-EHEPIETVIKIB

} Y PAMKAX XVII MI)KHAPO,D,HOFO POPYMY
cm «IMMAJITMBHO-EHEPTETAYHUI KOMILTEKC YKPATHH: CbOT'OJIE

CUCTEMA
NEPELOAMI

Efiac

ENEKTPO

IHTEIPALUIA BOE

MHYYKICTb, IHEPLIA

HAOIMHICTb MEPEX

3aranbHa goexumHa mepex 110-750 kB - 23 486 km

OMTUMI3ALIA OUCNETYEPU3ALII

CIGRE, 2019
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Integration into ENTSO-E
Presently In 1-2 years In 5years In 10 years
Technological readiness of
Ukraine’s IPS for integration into 15 % 99 % . 100 %
ENTSO-E

100 % 100 %

100% 2 100 %
2200 MW . 4000 MW

Degree of implementation and

harmonization of the national 5 %
legislation with European

standards

Degree of representation of the
company’s specialists at
ENTSO-E’s executive board
and working groups

Observer

Degree of integration of Ukraine’s
IPS into ENTSO-E

Technically attainable volume of
capacity exchange between
Ukraine’s IPS and ENTSO-E

W Ll [ e 1. a8 o o

* lHdpopmauis HEK YKpeHepro

CIGRE, 2019
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Y PAMKAX XVII MDKHAPOOHOIO ®OPYMY —
«ITAJIMBHO-EHEPTETUYHHUU KOMIIVIEKC YKPAIHU: CbOI'OAEHHSI TA MAUBYTHE». d—

Network

Presently In 1-2 years In 5years In 10 years

B » R ~ R » BN

Degree of automatic diagnosing Pilot projects in
of power transmission lines every power system

Number of remotely-controlled
substations

Conformance of regulatory S s T
framework with today’s Non-conformant

technological development

Fully Fully

fulfilment of conformant
automation plans

conformant

Outsourcing ongoing repairs Pilot projects in four 0
power systems . Over 50%

* - number of substations excluding temporarily occupied areas

* lHdpopmauis HEK YKpeHepro

CIGRE, 2019
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EREKTrO

1 — MNoBiTPAHUN BMMUKaY; 2 — EnerasoBuin BUMKMKay; 3 — moayab ribpuaHoro Pr1;
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cHilac

eneKTro
PekoHCTpyKUis nigctaHuin 40 - pidyHOro BIKY nepenbadae
onTMMI3aLito KOHQoirypauii CXemMu ans HanOInNbLLIOro

BUKOPUCTAHHA MepeBar HOBOrO0 BMCOKOBOSMLTHOIO ObnagHaHHS.
3amMiHa obnagHaHHA 3a MNPUHLUUNOM  «OAWH-A0-OOHOro» He
3aBXau € rapHow igeeto, Tomy wo 40 pokiB Hasag nigctaHuis
byrna nobyooBaHa BMXOOSYM 3 XapaKTepUCTUK obrnagHaHHS Toro
yacy.

Tinbkn B UbOMY BMNAOKy asToMaTm3auia nigctaHuin, LwWo
PEKOHCTPYIOKTbLCA, Byae epeKTUBHOLO.

CIGRE, 2019



Mode control

Equipment
control

Central dispatch
center

* lHdpopmauis HEK YKpeHepro

Dispatching

Presently

2 levels: central
dispatch point
(CDP) and
dispatch points
of power
systems (PSs)

Operational
switches are
organized and
performedas part
of dispatch vertical

Current location

VI BCEYKPATHCbKN CEMIHAP IHXKEHEPIB-EHEPTETUKIB

Y PAMKAX XVII MDKHAPOOQHOIO ®OPYMY AV—/N
«IMMAJTMUBHO-EHEPTETAYHUI KOMILTEKC YKPATHU: ChOTOJIEHHSI TA MAMBYTHE. A\

In 1-2 years

Preserving 2
mode control
levels. Improving
the existing
SCADA system to
ensure receipt of
greater data
amounts by CDP

Reengineering the
equipment control

process. Dispatch
vertical authorizes
equipment
disconnections.
Technical Director’s
vertical handles
switching operations

Current location
(restored)

CIGRE, 2019
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ENEKTPO

In 5years

Preserving 2 mode
control levels.
Launching a unified
SCADA system at CDP
and PS dispatch points

A unified SCADA
system allows for
remote disconnections
of equipment from a
regional (central)
dispatch point




igre

IT processes

Automation of
technological systems.
IT infrastructure

Cybersecurity

Presently

Repeating and intuitive

Multiple patched

Obsolete security systems

»

VI BCEYKPATHCbKN CEMIHAP IHXKEHEPIB-EHEPTETUKIB

In 1-2 years

Regulated

Adaptive infrastructure
allowing to build a
corporate cloud
supporting
management atvarious
levels

Physical division of
networks, change
monitoring

»

Y PAMKAX XVII MDKHAPOOQHOIO ®OPYMY
«IMMAJTMUBHO-EHEPTETAYHUI KOMILTEKC YKPATHU: ChOTOJIEHHSI TA MAMBYTHE.

Information technologies

In 5years

Controlled

Disaster-resistant
infrastructure

Sophisticated system
preventing
unauthorized access

= (1 [

ENEKTPO

In 10 years

Sophisticated

Disaster-resistant
infrastructure

Sophisticated system
preventing
unauthorized access

Report analysis, gathering and
consolidation systems. Coverage
with comprehensive auto reports

Automating a number of
managerial processes:
accounting, finance, HR

Automating all
managerial processes
using ERP system

Automating all
managerial processes
using ERP system

Implementation of ERP “Systems’ zoo”

* lHdpopmauis HEK YKpeHepro

CIGRE, 2019
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Efildi

ENAEKTPO
3poctaHHA BAE B OEC YKpaiHu K npobnemHuii ¢paKkTop NponycKHOI CNPOMOXKHOCTi cUcTeMU nepepadi
BuaaHo TeXHIYHMX YMOB Ha NpueaHaHHA, MBT CrpyKTypa notyxkHocti BEC i CEC 3rigHO BuAaHux TY
4338 5410 10175 11262
YepHiriscoka
4m24 Bmm.u?“g Pisnenceka Cymeeka
398,7 0 )  MHTOMHpCEKE, .
=] Kilocoka -
GBw MonTasceka )
i - Xapxiscena
/' Yeprackka
KMEnbHHLbKA ; .
6364,93 6%
5712,3 BiHHHubKa Nyrancbra
248 Kiposorpanceka Aoneuska
Y-

199
2047 Inwi o6nacti (13%)

4368,734

3009 3925,2
1953
01.10.2017 01.01.2018 01.01.2019 01.10.2019
[xxkepeno: MiHicTepcTBO eHepreTuKM Ta 3axXmcTy AOBKINNA
BEC CEC Mini/Mikpo EC Bl sioras/Biomaca

61% TexHi4YHMX yMmOB Ha npunegHaHHA CEC Ta BEC BuaaHo 06’eKTam, W0 3an1aHoBaHi y 5 nisgeHHMx obnactax:
Opaecbkili, MUKonaiBCbKil, XepCoHCbKiM, JHinponeTpoBCbKii, 3anopisbkii

* lHdpopmauis HEK YKpeHepro

CIGRE, 2019
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Y PAMKAX XVII MDKHAPOHOIO ®OPYMY =
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VOLATILITY OF “GREEN” EfNAC
ENcKTro
GENERATION: KEY CHALLENGES

MW WPP == SPP = Total
1200

1100 WPP — 463 MW

deviation

1000

900 450 MW

800

700 SPP — 754 MW

600

May 2017
500

400

300
200
100

'00-00 '01-00 '02-00 '03-00 '04-00 '05-00 '06-00 '07-00 '08-00 '09-00 '10-00 '11-00 '12-00 '13-00 '14-00 '15-00 '16-00 '17-00 '18-00 '19-00 '20-00 '21-00 '22-00 '23-00 yea r

The normative amount of reserves in the IPS of Ukraine must be equal to 650 M\W. The target fluctuations of RES
generation in the amount of up to 450 MW must be taken into account when drafting a daily chart.

The system is balanced. RES substitute the generation of thermal
power stations in the amount of up to 2 billion kWh annually

* lHdpopmauis HEK YKpeHepro
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ludpoanekmpocmaHyuu YKpauHbl EHNAc

ENEKTrO

Kackao [Henpoeckux '3C Kackaod [JHecmpoeckux 'SC u FTA3C

KueBckasa F'ASC (235/135MBT)

F

OHecTtpoBckasa N3C-1
(702MBT)

AHecTpoBckasa NASC
(960/1200MBT)

OHenpol3C (1462MBT)




Bcezo sedeHo 8 pabomy

>130 cuctem ynpaBneHus
rupgpoarperatoB, onokos, OPY-110kB,
154kB, 330kB, KPY3-330kB

Ha 6a3e nporpaMMmnpyeMbIX NTIOrMYECKNX KOHTPOSSTEPOB
Tnna Alspa 80-35 (ALSTOM,®paHuus)
n Ovation (EMERSON, CLUA).




Cuctema ynpaBrieHUsi arperaTHoro ypoBHs

OnepaTtopckue

CTaHUuun

F'mapoarperart

Komnpeccopbli

OcHoBHOe
ob6opyaoBaHue

Bcnomorar.
obopyaoBaHue

~N

PesepBupoBaHue

ArperaTtHbIv
KOHTponnep

Bsoa-BbIBOA

CepBep 6a3bl
AaHHbIX

MyckoBoe
YCTPOMCTBO

3awumTbl
TpaHccopmaTopa

QBOLI,-BI:IBOLI,

\

Moaynu
UHTepcencoB

1mc
paspelueHue
Ansi AUCKP.
BXOA40B

1000B
U3onauun

OybnvpoBaHHbIn
KoHTponnep Ovation

XapaKTepuCTUKM:
OpHa cucTema, eauHbIN cepBep AaHHbIX,
VMHTErpupoBaHbl: CUrHanu3auus, oTyeTbl

KoHTponb
FeHepaToOpa,
3awumTtbl &
BnokupoBku

PY
6kB, 0.4kB

AAY
Ednac

ENEKTrO

LiLL
TITl




T e LHecmposckas [ASC pacrionoxeHa Ha AYAY;

y ~ p.HdHecmp Ha r020-3anade YkpauHbl HedasleKo EHNAC
‘?g ' / ~ om epaHuybl ¢ Mondosodl. -
Mﬂ\xr‘\.\% A CmpOLimenbcmeo Havarnock 8 19832. [lpoekm

\ % '~ nepseou o4yepedu 8 cocmase 3-x agpeaamos bbir
(7 - paspabomaH e 2005e.

[lyck 1-20 agpezama — 2009e.
[lyck 2-20 agpezama — 2014e.
[lyck 3-20 agpezama — 2016e.

YemaHoerneHHass mouwjHocmb 2268/2947MBm o o s
7 o6pamumbix 2udpoazpecamos 324/421MBm
paduanbHO-0ce8o20 mura.




VI BCEYKPAIHCBKWIA CEMIHAP IHXXEHEPIB-EHEPIETVIKIB

} Y PAMKAX X MI)KHAPO,D,HOFO POPYMY
cm «IMMAJITMUBHO-EHEPTETUYHUI KOMILIEKC YKPATHH: ChOT'OJIE

PO3MNOoAlbMI
MEPEXI

IHTEIPAUIA BOE

edildc

ENEKTPO

PO3MOAITEHA TEHEPALUIA

HALIMHICTb MEPEX

3aranbHa gosxunHa mepex 0,4 — 35 kB — 663 831 kwm;
Kinbkictb TpaHcdopmaTopis — 220 000 ognHULb

ONMTUMISALIA OUCNETYEPU3ALII

CIGRE, 2019



Electricity system evolution

Past

————— b ¢ System
1 7 \cpe rator

Transmission
g control centre

Present

Distribution
control centre

3
_;i, @

_ S | i
Sgg ]\ * ﬂ JI. | [
\ / \ \ I I
/ \ Industrial | I | Industrial
| / \ customer I | I customer
\ ' |
/ 4/ ' ! pg/ i
| 3 —Ny —-H]
Substation Substation | Commercial | Substation Substation | Commercial
custorner | customer
|b h 19
Residential Residential
customer customer

—— Electrical infrastructure

Source: IEA (2011), Technology Roadmap: Smart Grids, OECD/IEA, Paris.
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Future

Transmission

Ny

Efildi

ENEKTPO

controlcen't_rsﬁjg__ragjﬂ__%__-i

- Distribution

N

3
_-ﬁ-ﬂ

Sgg I control centre, "\ E:Ti:gg :
\ I I provider || g
| |- j| Industrial
|| | o )| customer
I I | | lectric e,
. ' ! - | vehicles| | T
Energy Substati 1 Substati | .
storage || ubstation | |pubstation),| Commercial
| | || customer
I |
High-temperature . A
superconductor I 5t°f392¢‘| N L_I'_'
ol i’ % gl
T Residential
customer

——— Communication:




VI BCEYKPAIHCbKWM CEMIHAP IHXEHEPIB-EHEPTETUKIB
} Y PAMKAX XVII l\/II)KHAPO,D,HOFO OOPYMY /W
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/ Efdildc

ENEKTPO

CrNoOXUBA4

YMPABJIIHHA ENEKTPOCNOXUNBAHHAM

IHTENEKTYAJIbHI NIHUNTTbHUKA

DR - KOHTPOIEPU

MIKPOMEPEXI, SMART CITY

PROSUMERS — MPO®ECIVUHI CMOXXUBAUI

CIGRE, 2019
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BucHOBKMU:

1. HeobxigHO cTBOpPEHHA poboUmnx
eKCNepTHUX rpyn Ana po3pobKu
TEXHIYHUX BUMOT Ha BMPOBaAKeHHA
HOBUX TEXHONOTIN;

2. ApanTayia MiXKHAapO4HUX
CTaHOAPTIB 40 eHepreTUYHUX
06’€eKTiB YKpPaAiHCbKOI
eHeprocncTemu;

Smart Grid
Standards

Specifications, Requirements,
and Technologies

sata | Daniel M. Kamme

WILEY
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CIGRE: Electricity supply systems of the future Efidc

ENEKTPO

LLlo Hac yekKae:

e AKTMBHI po3noainb4yi Mepexi;

- Lindposizauia enektpoeHepreTU4HnUX 06’eKTiB;

- BripoBag)XeHHs1 CUNOBOI e/IeKTPOHIKM i MOCTIMHOIO CTPyMY;
e Cucrtemun HakonmnyyeaHHs eHeprii (TAEC, 6aTapei);

e AKTMBHMWN CNOXMBa4 i BUPOOHNK eHepril;

- HoBi KOHUenuii eneKTpMYHOro 3axXmcTy;

; b AW . . Electricity supply
= HoOBI KOHCTPYKUII NiHIN eneKkTponepeaayi, agantauia Mepex systems of the future

A0 HaBKOJIMWHbLOIO CepeaOoBULLA,

e OuiHKa HaAiMHOCTI pob0oTK eNeKTPUYHOI MepeXi A5 BUMOr
cnoxwuneada (SAIDI, SAIFI);

e 36inblUeHHS NMPONYCKHOI CNPOMOXHOCTI Mepexi;

e IHpoOpMyBaHHSA CrioXXnBaya PUHKY eHeprii NpPo TEXHIYHI i
KOMEPUiNHI pU3MKK i Hacniaku

e Decentralization — Decarbonization - Digitalization

CIGRE, 2019
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