-

Looking into the Future Protection,
Automation and Control Systems

Power System Relaying Committee
Substation Subcommittee
Working Group K15 on

‘Centralized Substation Protection and Control’

Presented By:
Ratan Das

ica]?)wer
EPCC 14 Workshop, Wiesloch, Germany, May 16, 2017



. -
Outline

* Evolving Electric Grid
* |EEE PSRC WG K15
* Protection & Control (P&C) within a Substation

* Centralized Protection & Control (CPC) within a Substation
— Architecture, Cost and Reliability

— Comparison with Traditional System

— Testing and Maintenance

* Demonstration Project

 Advanced, Emerging and Future Applications

@’f o 9 IEEE



- 7
Evolving Electric Grid

Power Plants Electric Grid Customers

Nuclear Power Plants Utility-scale

Transmission Storage
Lines -

Distributed Storage
Natural Gas
Generatorsl

Distribution
Substations

Plug-in Electric
Vehicles

Wind Farms

Solar Farms




TIER-1: EMS to DMS

GPS
BA Control Center BA EMS SE
Q Contingency Analysis
AGC

MAN/WAN COM

Networ WO
s k\ GPS

Transmission Control

"’i.SE 1EMS - LSEnEMs SE

Centers of Load Contingency Analysis
Serving Entity (LSE) E‘Tj AGC

IEC61970/ Cﬂ"" LAN/WAN

IEC61968, n, Demand Response

IEC61850 Asset Management

GPS
Distribution Control  DMS1 AGC DMS 2 - DMS n
Centers of LSE 1 WO (CVR)
FLISR/FDIR

Demand Response
Asset Management

@Es

Power & Energy Society®

$IEEE




TIER-2: DMS to DSub & Microgrid CC

el e GPS
Distribution i(E;C
Control Center 1 DM¢S - WO (CVR)
of LSE1 i FLISR/FDIR
LAN/WAN _ network ™ Demand Response
P8 T Asset Ma nagement
Y
\\\L \
IEC61850 \ IEC61850 \
GPS GPs . \ s  GPs .
- i i Microgrid . -
Load Serving 'Micregrd Grid Grid
Control Control . -
Clusters under = center SE Center Substation SE SR
DMS1 Control AGC ps 11 VVO (CVR)
MS11 WO (CVR) = MSin FLISR/FDIR
FLISR/FDIR Demand Response

Demand Response
Asset Management

@Es

Power & Energy Society®

Asset Management

AT & |IEEE



TIER-3: DSub to Customers
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ASSIGNMENT:

Write a PSRC report describing and analyzing existing and
emerging technologies for centralized protection and

control within a substation.
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Protection and Control (P&C)
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Centralized Protection and Control (CPC)

GPS | LEGEND: i
! DMS - Distribution '
Control EMS/DMS i Management System i
Center % | EMS > Energy Management |
| System !
WAN COM | GPS = Global Positioning }
 Network | System |
IEC 61970/61968, Gi’S i | IED = Intelligent Electronic |
IEC 61850, bl e eqlt Device |
Substation IEC 60870-101, Centralized Protection |
&Control (CPC)Sw.;tem |
IEC 60870- 104 - ¢ | IMU - Intelligent Merging Unit i
Modbus, LAN[ Serial . COM | PU - Process Unit |
DNP. etc Network | RTU - Remote Terminal Unit |
= 4 I 3 2

————————————————————— [—===n

' ‘ | T TGoOSE | ' | | |

| [1EC61850-0-2 1| | M ] ' mTu |

Bay | 1 1 !
| |IIED1 IEDn::IEDl - IEDn ||;__4____|_1
- iMU1i  IMUn 1! N h
Intelligent | 'IEcIsmsng 2, IHardwwedi |:,\,“cmp;°u”cE p
Merging | iy ' } ay |
Units & L e = yMU1I  MUnIlPUl.. PUn. :I R% |
. I i |
Process Units I PUXx |
K’ Process Unit (PU): Instrument Transformer/Sensor/Breaker - — ~ ~— =~ ~

( |

b ®
. AR, < EEE



* 1980

* 1985
1990
* 1992
* 2000
* 2003

@? ) ——

10

History of CPC
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CPC Architecture 53
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CPC Cost and Reliability

Cost Cost Rank Reliabllity Rank
Architecture 3 2*Cepc+72000 1 2
Archltecture 5 2*Cpct76000 2 3
Architecture Ba 2*Cepc+150000 3 1
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Traditional vs CPC
| Feature | Traditional Approach |  CPCApproach |

Asset Mgmt Many relays/devices

* Routine maintenance
can be challenging
* Per bay maintenance

Multitude access points

1pclde] [ =1 ][RAYA » Disparate protocols

Maintenance

complicated

Substation Protection IEDs tightly
integrated into a
RTU/SAS with limited

intelligence

Master
Interface

@Es

Device Mgmt Many configuration tools

* Modifications to SAS is

¢ :
Power & Energy Society® _

Limited number of devices

Less configuration tools

* Less maintenance
* Per bay maintenance is an avoidable
challenge

Very limited number of access points

Configuration between IEDs will not be
required as it will be internal to the
system

CPC becomes the “Gatekeeper”;
provides a master intelligent node for
substation-to-substation and substation-
to-EMS/DMS communication.
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CPC Testing and Maintenance

* Elements to Test

* Acceptance Testing

* Commissioning Testing
* Maintenance Testing

* Troubleshooting

Paradigm shift necessary for design, manufacturing,
installation, testing, operation and maintenance
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Demonstration Project: Olympic S/S, Siberia, Russia
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Advanced Applications
Detection of Hidden Failures
Incipient Fault Detection

Data Analytics
— Fault Location

— Power Quality Disturbance Classification

Distributed Asset Management
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Emerging and Future Applications

* Dynamic State Estimation Based Protection
* Pattern Recognition Based Protection

* Time Synchronization Based Protection & Control



20

Dynamic State Estimation Based Protection
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