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1. Equatorial Group in Numbers _pouctonial

ENERGIA

O EQUATORIAL ENERGIA PARA

O EQUATORIAL ENERGIA MARANHAO

O EQUATORIAL ENERGIA PIAUI

Population served: 22.3 million

Area: 1.859.234 km?

5
l--—-O EQUATORIAL

ENERGIA
ALAGOAS

Municipalities: 687

Dist. Substations: 380 ¥
Trans. Substations: 12 »

Trans. Lines: 3.281 km
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2. Existing Substation Digitalization Program (1) _pouatanial

= Started in 2005 at Equatorial Maranhao

(EQTL MA).

Relays
Meters
HMI

Auxiliary dc system
= 10-year program.
= Acquired other companies in 2016. Same
program deployed.
« CELPA(EQTL PA)

CEPISA (EQTL PI)
CEAL (EQTLAL)




2. Existing Substation Digitalization Program (2) _pnuatanial

ENERGIA

* |mportant points were analyzed:

 Quality and reliability of devices should be priority — Reduce cost and personnel for maintenance.

 Flexible communication architecture and structure — Possible to be restored/configured remotely or managed
by the operator on site.

 All IEDs should have remote access for configuration.

» Use of auxiliary relays should be avoided.

« SCADA communication protocol to be adopted should be simple, standardized, and commonly used by relay
vendors.

« The communication links should be optical fiber to avoid noise.

* Due to the current technology existing at that time (2005), some criteria were only possible to achieve with the
emergence of Ethernet equipment and communication networks for critical infrastructure.



2. Existing Substation Digitalization Program (3) _pnuatanial

ENERGIA

Engineering
Access f
\\
S Architecture [
 Serial comms digital relays
/7, ONP3 DNP3 Substation « RTU (DNP3) |
| Serial * T network or GPRS connection

Router to control center (SCADA)

DNP3 Serial

Optical Optical Engineering
Concentrator Concentrator ACCGSS
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2. Existing Substation Digitalization Program (4) _pouatanial

ENERGIA

Engineering f
Access

Architecture Il

* Redundant Ethernet comms
digital relays

Substation * Rugged Ethernet switches,

ring topology

Router » (Gateway/RTU with redundant
comms (DNP3 LAN/WAN)

» Router with redundant

[ [ SWITCHo connection to the Eth switches

* |T network connection to
control center (SCADA)

Concentrator
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3. Advantages of Digitized Substations (1) _pouotanial

ENERGIA

= Reduced space for panel installation:
 Multifunction IEDs with protection, control,
metering, and automation
« Significant reduction of wiring
* No need for auxiliary relays
» Same panel can accommodate several [EDs

= |[EDs with self-diagnostic indicate internal problems
before failures affect power system.




3. Advantages of Digitized Substations (2)

Eventos

976
974
a74
973
972
a7l
970
963
9ed
9E7
9ER
965
964
963
962
Sel
Se0
953
953
57
956

13/09/26 16:52:22.175
19/09/26 16:58:22.200
13/09/26 1£:52:24.758
19/09/26 16:58:24.775
13/09/26 1£:52:25.441
19/09/26 16:58:25.458
13/09/26 12:13:20.456
19/09/26 18:13:21.044
13/09/26 12:13:21.298
19/09/26 18:13:21.298
13/09/26 12:13:21.298
19/09/26 18:13:21.298
13/09/26 12:13:21.3202
19/09/26 18:13:21.314
13,/09/26 12:13:21.344
19/09/26 18:13:21.352
13/09/26 12:13:21.356
19/09/26 18:13:21.373
13/09/26 12:12:21.410
19/09/26 18:13:21.419
13/09/26 12:13:21.452

alpP
alpk
alpP
alpk
alpP
alpk
alpP
ala
21PT
TICY
TIRS
TRIF
LT1e
r10z2
r10z2
ala
alpP
21PT
r101
2248
r101

954 19/09/26 12:13:21.473 IM101
953 19/09/26 18:13:21.481 524
952 19/09/26 18:13:21.738 TRIF
951 19/09/26 18:13:21.902 IMN101

Asserted
Deasserted
Asserted
Deasserted
Asserted
Deasserted
Asserted
Lsserted
Asserted
Lsserted
Deasserted
Lsserted
Asserted
Deasserted
Asserted
Deasserted
Deasserted
Deasserted
Asserted
Deasserted
Deasserted

Asserted
Deasserted
Deasserted

Deasserted
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ENERGIA

= |EDs log and store data for post analysis:
» Sequence of events
« Metering data logger
 Oscillography

= Data can be retrieved remotely:
* |dentify problems and propose solutions quickly
» Speed up returning-to-service process
» Qutage duration easily measured

= Most common failures and errors identified:
» CTs/PTs wiring/connections errors
« Wrong logic implemented
 Failures in the auxiliary dc power supply
 Slow circuit breaker operation
 Failures in equipment auxiliary contacts
 Improper sequence of manual operations




GRUPO

3. Advantages of Digitized Substations (3) _pouctanial

ENERGIA

= Remote oscillograph retrieval:
 Digital relays produce detailed reports
for each occurrence
Data can be retrieved remotely and
automatically
Quick identification of problems and
service restoration — Fault location

1

Substation A - 87L SEL 411L

Time: 9/30/2014 7:32:17.407381 PM

File: HR_10003.CFG
SEL-411L-1-R114-V0-Z007002-D20140429

Fault Location (km): 22.94

riequenicy. 59.9y rnz  sdiiipie rate: 2000 SaI11p|ES/SECDr‘|d
Targets: TLED_1 TLED_5 TLED_9 TLED_10 TLED_12 TLED_13
TLED_21

CT wiring error identified — Fault current phase B, Voltage drop phase A




3. Advantages of Digitized Substations (4) _pnuatanial

ENERGIA

SCHWEITZER
ENGINEERING
LABORATORIES

Device Time: Sun May 9 21:21:27 2021

g NE

Version EXTENDED INSTANTANEOUS METERING DaTa (MET X) TMO.B12J1.12J1 |Acesso relé ” Alarme |
History = =
Sequential Events | pISIUNTOR 1211 Date: 21/05/09  Time: 21:21:27.761
Recorder Report SE TIMON A 268.00A 41.56 kv 6.85° 80.00 A
Self-Test Status A B c N G ™ -
Report 1 HAG () 267.807 286.619 287.535  0.000  1.079 B 287.30A 4178 kv -124.21 480.00 A
Mster Reports T anG (DEG) Selo2  -l240m 111109 0,00 -42.97 + C omm20A VO 4152Rv 1110 ¢ . 34,80 MW
A E C 5 — P - -
Enerov ¥ MAG (KV) 41,592 41,776 41.523 0.000 s 1004 F198kV  ATE 120.21° Q3 3.50 MVAr
[t v ANG (DEG) 000 120021 113.67 0.00 Estado 5 TITn 7237 10 P
Max/in 4R BC ca vhase Fechado - 34.30 B ?1'91 - U.BB
v MAG (KV) 72.274  72.184  71.85%  0.000 - P3 d VCA, . B ;
Show/SSTUgY v ANG (DEG) 79,97 -90.37  143.86 Abrir {mais)
Relay Word
A B C S
Mt 11.057 11943 11.806  34.806 -
VAR 1342 0,858  1.780 3980 Chave L/R Funcio N
PF 0.933 0.997 0.989 0.934 Remoto Desblequeado
LAG LAG LAG LAG l | Bl
oquear
11 1z 310 vi vz 0 oca q
MAG 280,499 39,019 1.079  41.630  0.146  0.031
ANG  (DEG) 671 176,66 —42.97  -0.18  107.35  -47.43
FREQ (Hz) 55.99 vDC (v) 127.6 Notas Alarmes Corrente Eventos Detalhes C

SE TIMON A

= Ethernet communications:

EMET

« Multiple co-existent protocols in
the same pipe

v  Real-time monitoring (SCADA)

« Remote engineering access

» Remote configuration

 Time synchronization

» Peer-to-peer high-speed
communication

11



4. Equatorial Projects Highlights Using IEDs (1) _pnuatanial

ENERGIA

= Mass analysis of events and configuration changes:
» Remote engineering access + custom programs = automated collection of data + automated
audit reports + automated modification of settings
 Carry out mass modifications of settings, such as changing the IP address of the SNTP
server for all relays in the substation in seconds.

: 15/07/2019 to
IP Addresses Device >1/07/2019
Database ITP21C1 1802

PSF21C2 12

: I\S/IFTzzlg?l 162 Example:
RSO2951 Weekly report of

A pgthon BCP21C3 power supply failures

MTA21C1 for each IED
MTA21C2

MTA21C3

UBSRO2R1

ACL12L8
COL29N1
CXS29B1
MIRMO2T1
MTA21B1

N NDNNDNWWWWRWOM
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. Equatorial Projects Highlights Using IEDs (2) _pouatanial

= Improving protection speed:
 Fast-bus Tripping scheme — Bus fault clearing time reduced by 70% and breaker failure
protection incorporated in the scheme

Opened Successfully )
lfaut No Block Received
—

2 #<—J Trip %/ = .

) Fast Trip
(Hardwired)

A~ — 1

gl _Protection A Opened Successfully

Bay Controller
gl _Protection [A™ 77

Bay Controller

Ifault+load

i

IfauIHIoad

EEE S -

B

Bay Controller
Protection

Bay Controller Bay Controller

Protection .

Bay Controller

Protection

I I
I I
I |
: [l
| I
I I
I I
! =Y Protection el ! Y |
A: B I || A: B I | :

— || I — I I
= : Il :I = : ! |
: | | . | ! : | | |

T T

| : Il A | : | - A
: | I : Bay Controller| | : : | : Bay Controller| | :

I'l == Protection [z1 1 I''' == Protection [z1 |
|| B A || B Al
NI o N E H

I I . Il | GOOSE I I . I
! 8 | ! ! g ! 1!
| Sl ::| Signal = 1) | Rl ::|
I | I |

I . I I . |1
GOOSE : | Redundant Switches | : | : | Redundant Switches [
(Block || Il : | ' : :

Signal = 1 Wlf—————————— I pl—————————— 4

gnal =1)[ | ¢ | ! 5 ||
l—e— 4 g t—-——f—————————= | L4 g F———————————= I
= | i |
5 [ [ S

— — —Ethernet Connections — — —Ethernet Connections

ENERGIA
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4. Equatorial Projects Highlights Using IEDs (3) _pnuatanial

ENERGIA

= |mproving protection speed:

 Fault sensor and relay integration — Fast-bus tripping with devices that do not have high-speed
(HS) communication protocols

- Reclosers or fuse switches with
T TN L no HS comms, but the downstream
K = HS fault sensor sends the block
signal to the upstream recloser.

Y .
wwe e e /L. e -
-] o 1
i l .
9 " (Fse
\ & L
1
i
Nacp g \ RebontsLatleds e ok
i
B N
4
i)
SEL 35014

| . . . Vg PR
L " -
; @ o o | [(ETE
. v Lism =
e
Hady watal
| =4 e

Serial - Mirrored Bits 136
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Conclusions

Posicdo | DGC Sigla Empresa Regiado
° b . d ° .° I . . Ragﬁing
S u Stat I O n I g I ta I Za t I O n 1° 0.56 CPFL ANTA COMPANHIAJUARI DE SE
° EQUATORIAL PA EQUATORIAL PARA

improves quality of service B N T i v s

RIO GRANDE DO NORTE

and system reliability and R S T L s P

DISTRIBUIDORA DE ENERGIA

o S.A.
reduces operation and TR T | eeeaeiEen | ©
S.A.
o 50 0,63 ETO ENERGISA TOCANTINS NO
m a I nte n a n Ce COStS DISTRIBUIDOSSQ-DE ENERGIA
7° 0,69 EMG ENEIS A GRS - SE

S.A.

- DISTRIBUIDOR
ENERGIA S.A.

* Distribution companies under R e
Equatorial grOup management 10° 0.71 EDP ES ESPIRITO SANTO SE
moved from bottom to the top S S el i

DISTRIBUIDORA DE ENERGIA
S.A

of performance rank (out of 30 R N 56y e B
companies).
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THANK YOU

equatorialenergia.com.br
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