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AGENDA

Evolucao da Subestacao Digital

Experiencia com Projetos Pilotos

Experiencia no Brasil, LAM e Mundial

Perpectivas: Digitalizacao para Virtualizacao



Conventional vs Digital Substations Evolution! GE VERNOVA

Our portfolio of energy businesses

HV Grid Substations

Conventional Substations Digital Substations - IEC 61850
I
| I
lrd Gen 2rd Gen 3th Gen 4th Gen
Digital substation Integrated Digital substation Autonomous Digital substation

Next Gen DSS
IEC 61850 Top-Down Engineering

Serial/Proprietary based Ethernet based

(1IEC103, KBUS, Modbus, DNP) (DNPoE, Modbus over TCP/IP) Station bus Station & Process Bus Virtualization/Centralization PACS /LPIT
(Full Digital Substation)

HW to SW based

HARDWARE

Placeholder confidentiality disclosure. To edit or delete from the master > menu > bar ‘view’ > ‘slide master’ m 3




Digital Substation Solutions - Transmission

Conventional DCS Substation

HMI l:!?,ﬂ[l r:\éc‘qn@

Gateway

furcisine <
View  Gateway

Conf Tools

Copper
Hardwiring

(s = Total cost of ownership (Same CAPEX)
&) 1 Flexibility (-20% OPEX)

Integrated Digital Substation
(today)

GridNode™ AAA/GPG

WAMPACS
and SIPS

HMI

Gateway

DIGITAL SUBSTATION

Conf Tools Gateway

DGA900

J Total cost of ownership (-10% CAPEX)
J, Footprint reduction
M Flexibility (-30% OPEX)

Autonomous Digital Substation

Device Vgt
Device & Fleet AAA/GPG
f ™
GridNode management WAMPACS

and SIPS

HMI

(CENAEL

Substation in
the box
(Virtualization)

Bay Control

Protection

Process
Interface

DGA900

J Total cost of ownership (-20% CAPEX)
M Flexibility (-50% OPEX)

R vrarveine ~coamuantianal DAC caliidian



Optical comm/radio

Digital Substation Solutions — Primary Distribution

Conventional Substation

coM

AGILE

HMI = ‘ ’ ’ Mi
Gateway . -

Conf Tools

Substation gateway
& HMI

L e

8-Series,

Bay Control )
P40 Agile Enhanced
Protection Feeder P&C

Copper
Hardwiring

/M Total cost of ownership (Same CAPEX)
1 Flexibility (-10% OPEX)

UR <er
AL 2l

Integrated Digital Substation
(today)

-.

Device & Fleet
management
(Phase 1)

GridNode™

AAA/GPG

HMI

Gateway

Conf Tools G500 Advanced Substation Gateway

Bay Control ; =
Protection Centralized Protection & Control — B30

(6bays + 87B)
Point-to-point

) @, | Or with S20

v - M A &
Interface

MU320 MU320 MU320

J Total cost of ownership (-10% CAPEX)
J' Footprint reduction
M Flexibility (-30% OPEX)

E ofd
. i

(DER / microgrid)

Optical comm/radio

Autonomous Digital Substation

i N
. J

Device & Fleet AAA/GPG
management (DER / microgrid)
(Phase 2)

Device Mgt

(CENAEL

Substation in
the box
(Virtualization)

Bay Control

Protection

Process
Interface

J Total cost of ownership (-20% CAPEX)
M Flexibility (-50% OPEX)

R vrarveine camuantianal DAC caliidian



Subestacao Digital Integrada:
Padronizacao Global: IEC 61850, IEC 62439, IEEE
1588, IEC 61869, IEC 62351

GE Digital Substations

Network Architecture with Parallel Redundancy Protocol

SCADA

——
7o R Station (PC
L — Gateway/RTU/HMI L

GE-S20
1EC 61850, DNP

Ethernet Switch (soose.c MMS, PTP, SNTP)

e — [ IS—— (SSS— S | E—

NA
N8 I
L = o

GE-RPV311 GE-RT431
DFR IEEE 1588 Clock

Process Bus / Station Bus
Networks

GE-MU320E
Merging Unit
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GE VERNOVA

Projetos Pilotos
Copel, Eletrosul e Isa-Cteep



Brasil - COPEL — Subestacao Uberaba 23

kv Delivered In

2013

Energized in
OBIJETIVO: 2014

Experimentar solucao inovadora com
tecnologia de barramento de processo;

Avaliagcao da performance dos IEDs process
bus em comparag¢ao ao convencional

RESULTADOS ALCANCADOS:

Comparacao da medi¢ao de corrente e tensao
através RDP convencional, RDP Process bus e
Relé P444;

Comparacao do Tempo de trip do relé
convencional versus digital (-2ms);

T RPV310 230kV
Corporate

LAN RPV310 69KV (1 e 2)

Station Bus

Station Bus

GOOSE + Station Bus
Station Bus

Legend

B VAN 10 - Station Bus
I VLAN 20 - Station Bus (GOOSE)

I VLAN 21 - Station Bus (Sampled Values)
@ VAN 20e 21

B VLAN 10e 20

P444 - Alstom



Projeto em
2013 - Eletrobras

Brasil — Eletrobras- CGT Eletrosul T —
Subestacao Palhoca 138 kV — Fase |

ERREEREE TSR WEVETFS sommmreems
Explorar a tecnologia do Process Bus, verificando sua viabilidade, seus u
requisitos, apontando a nova base de conhecimento tedrico para sua correta ]
aplicagao

=0
T B

EID
i B

Avaliagao da performance dos IEDs process bus em comparagao ao
convencional;

Acompanhamento local e remoto através do SAGE.

Criar uma plataforma de testes aberta a diferentes produtos e fornecedores de
forma a comparar solugdes e verificar interoperabilidade e aderéncia a norma
IEC-61850

Evitar os erros da implantag¢do da Station Bus, que por falta de planejamento,
qualificagao, especificagao, e de ferramentas de software adequadas nao se
apropriou plenamente das vantagens da IEC-61850

Importancia da qualificagdo tedrica mais adequada das equipes de engenharia, -

~ ~ 7 e . ~ . . outros fomecedores
manuteng¢ao e opera¢ao na base tedrica das aplicagdbes  IED-61850 incluindo ‘ '
o barramento de processo.

Adequacao das estruturas e procedimentos na organizacao das empresas,
permitindo um apoio melhor entre as diferentes especialidades: protecgao,
controle, automacgao. _

i S

(1"
a _——ers '

3

RDP

PROTECOES
exsieries)




Projeto em 2016

Substation Digitalization process at CTEEP: Energizagédo em
2017

* First pilot project with Circuit Breaker actuation. & okl few meters

* Not only a shadow system; the IEC61850-based ‘
protection system is actuating in parallel with
conventional feeder protection for CB tripping and auto-
reclosing commands

hundreds of meters

Ethernet

* Protection functions used: 50/51 (PTOC1/PTOC2), ‘ ; seitch > other panel switches
50N/51N (efdPTOC1/efdPTOC2), 79 (RREC). 8l : z

Protection

* Realizar medigdes das grandezas analogicas de tensao dp ' Mads tremuct
e corrente dos IEDs digitais e comparar com as g e
Rfs F s o
medigdes via barramento de Processo; Aot
* Acompanhar os desligamentos forgados, medir os R 01T

tempos do circuito de abertura pelo GOOSE e sua
integridade;

* Avaliar o sincronismo de tempo; Solution:
e Avaliar a ocupac¢do da banda de dados no barramento v’ Measurement: Reason RPV311 (conventional and
de processo; IEC61850-90-2LE inputs;
« Registrar as licdes aprendidas; v’ Protection: Alstom MiCOM P446;
v" Synchronism: Reason RT434 GNSS clock;

v" Network: Reason S2020 managed switch.
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GE VERNOVA

nys Lellys | Florianopolis, Agosto 2023

Subestacoes Digitais
Experiéncias da GE no Brasil, América
Latina e Mundial



GE Digital Experience

EXPERIENCIA MUNDIAL

-

+40 Pilot Project - Real
Substations

-

/+150 Digital Substations

20+ Countries
11,4 kV to 500 kV
\_

A\

DIGITALSUBSTATION | 14 August 2023

Digital Substation in Operation : Brasil e América Latina

DSS in Latin America

PER
PER
BRA
BRA
BRA
BRA
MEX
COoL
COoL
COoL
CoL
COoL
COoL
BRA

Manchay 220/60 kV DSS in Operation
San Miguel 220/60 KV DSS in Operation
Lorena 500/230 kV DSS in Operation
Sarandi 500/230 kV DSS in Operation
Rio Claro 11 230/138 kV DSS in Operation
Castanhal 230/138 kV DSS in Operation
Altamira 1l 440 kV DSS in Operation
Portugal 115/11.4 kV DSS in Operation
Terminal 115/11.4 kV DSS in Operation
Barbaloza 115/11.4 kV DSS in Operation
Calle Primeira 115/11.4 kV DSS in Operation
Rio 115/11.4 kV DSS in Operation
Occidente 115/34,5/11.4 Kv DSS in Operation
Baixada SUL (Dez 2023)*

12



Poste Intelligent, France

Modernizacdo do SPCS de Subestag¢dao em operagao (Brown
Field) - 10 Bays 225 kV e 12 Bays 90 kV;

Full digital com TC e TP épticos (CMO, COSI-TC &TP);

Solugdes técnicas baseada na aplicagao completa da norma IEC
61850 - ed. 2 com novas funcionalidades:Process Bus 1Gb/s,

Em Operacao

RT E 2016

DS Agile Framework
cMU VMS
(Condition Monttoring Unit) F- (Video Monitoring System)

M&D em tempo real, estacoes meterioldgicas, DLR, video
vigilancia, cyber security, etc);

Sistema de monitoramento (CMU) em tempo real para
manuten¢ao preventiva;

Esquema amplo de monitoramento e supervisdo sistémico -
WAMS

(o (el (e (o
3rd party
Video TIR VIS system

Meteorological
sensors

Casa de Controle
compactas/prefabricadas

Bushing hotspot
monitonng | monitoring

do-

switchgear Technical buildings Water Strom water
xiliar

Den y L
Drves ) emironment supply discharge

CB/DS/EF/ES




France - RTE - Poste Intelligent Benefits

Project Substation Foot print Less Cooper wires

Time reduction Half size electronics.

Optimization Panel Footprint reduction.
Digital Sensors size reductian.

Energy Unlock new revenue streams. Dynamic ratings.
Transition Flexibility for DER integration. Feak boostof Transformers.

Efficient & stable power balance  Wide area voltage regulation
and zone automation

Fault diagnostics and localization.
Resilience Minimize planned outage. High availability architecture.
Reduce unplanned outage. Plug and Play digital interoperahle

systern, cyber secure.

Full rernote Situational Awareness,
Condition based maintenance.
Local Estate Estimator.

Maintenance Minimize maintenance time.
& operation Reduce planned outage
cost

Environmental  Epergy efficiency. CO2 footprint reduction
Impact & Reduce CO2/0il/SF6 footprint. Qil/SFE Leakage anticipation.

R | cafaty Maintenance personal safety . Hazard less Fiber-Optic,
no cable terminations.

“Smart Substation for an incredible technical optimization “
 First full digital substation in France
SMART goes down from the SCADA to the substation in a distributed way
First step toward IED optimization
Powerful real time response to DER integration challenges
Total remote control
Concept for the secondary equipment: maintenance free”
Thierry BUHAGIAR
Smart Substation Project Mgr., RTE

-85% cooper

-94% cable ends
-80% panel foot print
-70% civil works

4 upto 30% boost

-30% unplanned events
¥ -40%SAT time

¥ -75% on site maintenance visit

¥ -50% diagnostictime

¥ -1820TonCo2




SE Digital Manchay 220/60 kV, Peru

Um dos destaques em 2018 na
Ameérica Latina foi o DSS
Manchay 220 KV, totalmente
digital baseado na norma IEC
61850 edicao 2, que entrou em
operacao comercial em janeiro
de 2018 na cidade de Manchay
(empresa Luz Del Sur), no Peru.

Em Operacao
2018

A arquitetura do DSS Manchay 220 kV é
baseada em uma rede Ethernet redundante
com todos os switches suportando PTP IEEE
1588 v2 e tecnologia de acordo com o padrao
global IEC 61850 ed. 2, destacando o
barramento de processo redundante (PRP-1e
PRP-2) de acordo com a IEC 62439, também
conhecido como PRP (Paralell Redundant
Protocol).

SET MANCHAY 60KY

| l-.IﬂHIII-:Iﬂllﬁ_Hﬁlll-tllllﬂlll-ll-%l'lll'll



SE Portugal 115/11.4 kV - Colombia o

Experiéncia:
Primeira SE digital de distribuicdo 115/11.4 kV
para ENEL- Colombia;

SET PORTUGAL
115/11.4KV

Reducdo de cablagem; _ _ ,.
Reducdo de Tempo Execucdo & Erecdo da SE; ” -
Casa de Controle tipo Shelter;

= —

B ¥ i
STATION BUS
= PRP-1
RN T
530§l i fifi[f smamon Bus A i

) PRP-2

] Li: SET NOROESTE p| L2: SET TIBABUYES 4 L3: PTAR & TRI 115/11.4KV
X ! . ", !

TR1 115/11.4KV
LADO 11.4KV

|-
. TRI 115/11.4KV
L1: SET NOROESTE Y LADO {ISK\!‘

e Y ? }&
TR g




Subestacao Digital Lorena - 500/ 230 kV

SP

« EXPERIENCIA:

oot o | st sozaimar T - A primeira subestacao

‘ conectada no Sistema
interligado do Brasil - 500/230
kV e dessasistida;

SP

l
l
[
[

Procedimemtos de redes do
ONS nao contemplava SE

|
|
[
31 wam |: oo
2 | T
|
i
| Digitais;
|
i

Capacitacao das equipes de
Engenharia e operacoes;

ﬂJ-

|
I

1
i

Solugao técnica com rede
redundante process bus &
Station Bus combinada e
aplicacdao completa da norma IEC
61850 Ed. 2 e IEC 61850-90-4
(Vlans e Qos) e PTP (IEEE 1588);

I
i

Painel externo com ventilagao
natural e forcada (Fan coil);

Em
Operagao
2021

Resultados Alcangados:

Reducao de obras civis
(CAPEX);

Kms de cabos de cobre
substituidos por fibra 6ptica
(CAPEX)

Reducdo de dimensdes e
guantidade de painéis
(CAPEX);

Otimizacao do tempo e custos
de manutencdo e operagao
remota (OPEX);

Aumento substancial da
seguranca do pessoal de
manutencao e operacao;

Simplificagcao de Projetos
(CAPEX);

TC’s com apenas 03 nucleos
secundarios (CAPEX)



Subestacao Digital Lorena - 500/ 230 kV

* Painel Barra e Multifeeders
* Painel Externo * Painel de Rede, SAGE e RDP * Calhas e dutos aéreo 230 KV

Sarea -




Em Operacao

Subestagao Digital Lorena - 500/ 230 kV 2021

Sample value, Goose, IEEE1

100Mbps PRP Gbps 100Mbps PRP

Substation A SubstationB

(Digital Substation) |C.I:-,n-.'entu:;nal Substation) \ . | B L . EXPE RIENCIAS:

Linhas de transmissao com
Sistema de Protecao
diferencial (87L) hibrida -
convencional x digital;

51552204

Protecao de barras process
bus;

Hybrid Mode Tests - Normal Network Loads .
© Painel Interno para

% , ! ! | 1 T multifeeders;

20

| ! \ ! | Painel externo com ventilacao
- : « : -. e - paraelo natural e forcada (Fain coil);

MU LA MU TIE

w
o
o
@
£
@
£
=
an
£
a
o
=
[

Trip performance: IEC 61850-
8-1 (GOOSE);

Prevencao de Cyber-security
ataque (Firewall);




DSS Rio Claro Il - 230/138 kV

Experiéncia:
Reducao de Custos;
Painel indoor: Compactacao - 06 IED sntrole;
Painel de rede: RDP, RT430, Serv. SAGE e
Eng.;
Reducado de Obra Civil;

Em
Operagao

_—
= STATION BUS

IEC61850-8-1

. :‘I
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T
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IEC61850-9-2LE
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@| MEZ ‘ 0113_2018_BR_GA_SYS SE Rio Glaro Il - 230138kV | ‘
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Projeto de Digitalizacao de Instalac6es de Subestagoes GE VERNOVA

Our portfolio of energy businesses
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@ GE VERNOVA
ARTIFICIAL INTELLIGENGE

nnnnnnnnnn for the grid

Perspectivas
Digitalizacao para Virtualizacao!

Denys Lellys | Florianopolis, Agosto 2023



GE VERNOVA

Digitalization to Virtualization

Digital Substation Solution

Faster / Multispeed Tech. Challenge

----------------

EAREEEEEREER

Today’s Control Platforms Virtualized Control Platform

Legacy
Application

Protection Communications

Automation Monolithic CyberSecurity

New Digital
Apps
Cyber
Security

M&D Software SCADA

GA Controls SW Platform

VXWorks Predix Edge OS

Multi Core CPU

Single Core CPU



Digital Substation: Overall Plan & Architecture Road

Map!

2 Gen 3 Gen (2016..)
(2004..Interoperability)
. _r TN - J . ( \c
weSgils Common practise ) @ﬁ%ﬂﬁ Reality now! e

Digital substation Integrated Digital Substation

IEC 61850

STATION BUS

|IEC 61850

STATION BUS

IED IED IED IED

IEC 61850
T b |
v____  High Voltage System (HVS) -__ Y, ﬁ h ______ h h
T e
. High Voltage System (HVS) -__ Y,

____________

HW to SW based

HARDWARE

Placeholder confidentiality disclosure. To edit or delete from the master > menu > bar ‘view’ > ‘slide master’

GE VERNOVA

Our portfolio of energy businesses

4rd Gen (2021......)

v

In Progress (8-12 years) X

R
-
Vi

Autonomous Digital substation

Fully
Centralized/virtualized
PACS

IEC 61850

PROCESS BUS

e m e mm— =

- -

i -




GE VERNOVA

Our portfolio of energy businesses

Virtualizacao: Arquitetura Conceitual e Plataforma de
Testes: IEEE PSRC WG H45.

Applications: protection, control, monitoring, fault SW HW
recording, etc.

FEEDER

Communications Network
Fit-for-purpose architectures

Common

Platform MACHINE

Switchyard:

Remots I/O Communications

Oigetal
Instrument
Tronsformer

Merging Unit Remote I/O
e 2 th O

GPG - GE Power Gateway
Virtualized Machine

Pwr. Quality
s

Win 10 loT
HMI
application |

: | . ; J 1] 2 i
j . 1 ine / B i : S Bay control
-% & > | S evel1/2/3 | Network/Control
Placeholder confidentiality disclosure. To edit or delete from the master > menu > bar ‘view’ > ‘slide master’ i fltHth g A < - =
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