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Questions

e What are we doing?
* Why are we doing it?
* How are we doing it?




Questions




Questions
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What are we doing?

* Defining the electric power grid of the future




Future - Definition

The indefinite time yet to come

Undetermined events that will occur in that time
A prospective or expected condition

The condition of a person or thing at a later date




Future - Definition

 The future is a time period commonly understood to contain
all events that have yet to occur.

e |tis the opposite of the past, and is the time after the present.




Future in Philosophy

Presentism — only the present exists. Past and future are logical
constructions — fictions.

Eternalism — past and future exist and are eternal.
Growing Block theory — past and present exist.
Tracism — only the present and traces of the past exist.




Life trajectory

Future

Past




Why are we doing it?

 We live in a changing world
 We cannot keep doing things as we always did




Smart Grid Definition s

 Energy Independence and Security Act
(2007):

e [tis the policy of the United States to
support the modernization of the
Nation's electricity transmission and
distribution system to maintain a
reliable and secure electricity
infrastructure that can meet future
demand growth and to achieve each of
the following, which together
characterize a Smart Grid: @)




Smart Grid Definition s

* Increased use of digital information and
controls technology to improve
reliability, security, and efficiency of the
electric grid.

 Dynamic optimization of grid operations
and resources, with full cyber-security.

 Deployment and integration of

distributed resources and generation,
including renewable resources.
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Smart Grid Conceptual Model




Remember this equation

SG = DG




How are we doing it?

IEC 61850




History

1994 1994
1994 1996
EPRI IEC TC57
IEEE, USI

IEC

61850

N

IEEE TR 1550: 1999

1998

Present

1997 = 2003

61850

“UCA & 61850 for Dummies.” — Douglas Proudfoot
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Working Groups at Work
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What is IEC 618507 ’

IEC 61850
14 Parts Different vendors
>1000 pages (English only !) Interoperability

10 years of development Easy specification




Digital twins

e Adigital twin is a digital replica of a living or non-living physical
entity.

e By bridging the physical and the virtual world, data is
transmitted seamlessly allowing the virtual entity to exist
simultaneously with the physical entity.

 Multiple applications in electric power

20
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Functional Decomposition

A A A A
GSE GSE GSE ASG

PXXX PXXX

" "

SXXX PXXX | |[MXXX | |FXXX
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|EC 61850 Standard Ed. 1

System Aspects

Data Models

Part 1: Introduction and
Overview

Part 2: Glossary

Part 74: Compatible Logical Node Classes
and Data Classes
Part 7-3: Common Data Classes

Part 3: General Requirements
Part 4: System and Project
Management

Abstract Communication Services

Part 5: Comm. Requirements
for Functions and
Device Models

Part 7-2: Abstract Communication Services
(ACSI)
Part 7-1: Principles and Models

Mapping to real Comm. Networks (SCSM)

Part 8-1: Mapping to MMS and to
ISO/IEC 8802-3

Configuration

Part 6: Configuration Language
for electrical
Substation IEDs

Part 9-1: Sampled Values over Serial
Unidirectional
Multidrop Point-to-Point link

Part 9-2: Sampled values over |ISO 8802-3

Testing

Part 10: Conformance Testing
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|IEC 61850 Services
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IEC 61850 Standard - Station Bus Mapping

Mapping to stack
SLOW
] ) ) ] Long-term
CHANGES Application (Objects,Services) definitions
Application Safe-guarding
D .
wmﬁiﬂ < investments
GOOSE Sampled Client - Server
values communication Abstract
T yy r'y Interface
Adaptation Mapping per selected stack
y Stack
Interface
FAST
MMS
CHANGES Real-time - E—
Com;nufr:fca}ﬁon requirements Stack selection
echnology TCP following
l l state-of-the-art
IP communication
Ethernet Link Layer technology

Ethernet Physical Layer with Priority tagging
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LN groups

Group indicator Logical node groups

Automatic control

Reserved

Supervisory control

Distributed energy resources

Reserved

Functional blocks

Generic function references

IT|l@|m|m| Q| qfm| =

Hydro power

Interfacing and archiving

[

Reserved

Mechanical and non-electrical primary equipment

)
w

System logical nodes

Metering and measurement

Rezerved

Reserved

Protection functions

Power quality events detection related

Protection related functions

wlAlo|lw|o|lZ| =

Supervision and monitoring

Instrument transformer and sensors

!

-

Reserved

<

Rezerved

=

Wind power

Switchgear

=
[

Power transformer and related functions

=
]

Further {power system) eguipment

o




New LNs in IEC 61850, 61400-25

ANCR  MSQl PTUV  YPSH ANCR DPST GAPC ISAF MMDC PTEF RDRS  TLEV WTOW  ZREA
ARCO MSTA PUPF  YPTR ARCO DPVA GGIO ITCI MMET PTHF  RFLO  TLVL WTRF ZRES
ATCC PDIF PVOC  ZAXN ARIS DPVC GLOG ITMI MMTN PTOC RMXU TMGF WTRM ZRRC
AVCO PDIR PVPH  ZBAT ATCC DPVM GSAL ITPC MMTR PTOF RPSB  TMVM WTUR  ZSAR
CALH PDIS PZSU  ZBSH AVCO DRAT HBRG KFAN MMXN PTOV RREC TPOS  WYAW ZSCR
CCGR  PDOP RADR ZCAB CALH DRAZ HCOM KFIL MMXU PTRC  RSYN TPRS  XCBR ZSMC
CILO PDUP RBDR ZCAP CCGR DRCC HDAM KPMP MPRS PTTR  SARC TRTN  XFUS ZTCF
CLN PFRC  RBRF  ZCON CiLo DRCS HDLS KTNK MsSQl PTUC SCBR TSND  XSWI ZTCR
CPOW PHAR RDIR ZGEN CPOW DRCT HGPI  KVLV ~ MSTA PTUF SIMG TTMP  YEFN
CSwWI PHIZ RDRE  ZGIL CSWI  DREX HGTE LCCH PDIF PTUV  SIML TTNS  YLTC
GAPC  PIOC RDRS  ZLIN CSYN DSCC HITG LGOS PDIR PUPF SLTC TVBR  YPSH
GGIO P ZMOT DCCT DSCH HICL  LLNO SOPM TVTR  YPTR
GSAL P R ZREA DCHB DSFC HLKG LPHD P V SPDC  TWPH ZAXN
IARC PO ZRRC DCHC DSTK  HLVL  LSVS SPTR  WALG ZBAT
IHMI PPAM RSYN  ZSAR DCIP DTRC HMBR LTIM PFRC QFVR SSWI WALM ZBSH
ITCI PSCH  SARC  ZTCF DCRP  FCNT HNDL LTMS PHAR QITR STMP  WAPC ZBTC
IT™I PSDE  SIMG  ZTCR DCTS FCSD HNHD LTRK PHIZ QlUB SVBR WCNV ZCAB
LLNO PTEF SIML DEXC  FFIL HOTP MENV PIOC QVTR TANG WCON ZCAP
LPHD  PTOC  SPDC DFCL  FLIM HRES MFLK PMRI QVUB TAXD WGEN ZCON
MDIF ~ PTOF  TCTR DFLV ~ FPID HSEQ MFLW PMSS QVVR TCTR WMET ZGEN
MHAI  PTOV  TVIR DFPM  FRMP HSPD MFUL POPF RADR TDST WNAC ZGIL
MHAN PTRC  XCBR DGEN FSEQ HUNT MHAI PPAM RBDR TFLW WREP ZINV
MMTR PTTR  XSWI DOPA FSPT HWCL MHAN PRTR RBRF TFRQ WROT ZLIN
MMXN PTUC  YEFN DOPM FXOT IARC  MHET PSCH RDIR TGSN  WRPC ZMOT

MMXU PTUF  YLTC DOPR FXUT IHMI  MHYD PSDE RDRE THUM WSLG ZRCT
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Class diagram LNs::LN Groups
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Sensors LNs

LN Angle TANG

LN Axial displacement TAXD
LN Current transformer TCTR
LN Distance TDST

LN Liquid flow TFLW

LN Frequency TFRQ

LN Generic sensor TGSN

LN Humidity THUM

LN Media level TLVL

LN Magnetic field TMGF

LN Movement sensor TMVM
LN Position indicator TPOS
LN Pressure sensor TPRS

LN Rotation transmitter TRTN

LN Sound pressure sensor
TSND

LN Temperature sensor TTMP

LN Mechanical tension / stress
TTNS

LN Vibration sensor TVBR

@




DERS

Bioenergy power plants Wind farm power plants

Rooftop solar-
cell arrays

Fuel cells

Solar-cell
rooftop
systems

|| Transmission
|7 and distribution
1|~ system

NElL-=r T

N B Small wind
' turbine
Residential

Industrial Microturbines

‘@ 2005 Brooks/Cole - Thomson
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IEC 61850 Development Status
we e oocumen_led_

Introduction and overview 61850-1-1
Guideline for extending IEC 61850 61850-1-2 1
Glossary 61850-2 2

General requirements 61850-3

System and project management 61850-4 2.1
Communication requirements for functions and
device models 61850-5 2.1

Configuration description language for

communication in electrical substations related to

|IEDs 61850-6 2.1
n Configuration description language extensions for

human machine interfaces 61850-6-2 1
n Guideline for function modeling in SCL for substation

automation 61850-6-100 1




IEC 61850 Development Status
Weltle  lbocument |Ed _

m Basic communication structure — Principles and

models 61850-7-1 2.1
Abstract communication service interface (ACSI) 61850-7-2 2.1
m Common data classes 61850-7-3 2.1
m Compatible logical node classes and data classes 61850-7-4 2.1
. Communications systems for distributed energy

‘72l resources (DER) - Logical nodes 61850-7-420 2
T 1EC 61850 modelling concepts 61850-7-5 1
E Use of logical nodes to model functions of a

substation automation system 61850-7-500 1

DER - Modelling concepts and guidelines 61850-7-520 1




IEC 61850 Development Status
0

Guideline for Basic Application Profiles 61850-7-6

Specification of schema for namespace
11} definition files 61850-7-7 1

. Mappings to MMS (ISO/IEC 9506-1 and
il0) [SO/IEC 9506-2) and to ISO/IEC 8802-3 61850-8-1 2.1
Mapping to Webservices 61850-8-2 1
Sampled values over ISO/IEC 8802-3 61850-9-2 2.1
. Precision time protocol profile for power

{0} utility automation 61850-9-3 1

m Conformance testing 61850-10

E Functional testing of IEC 61850 based systems 61850-10-3 1




IEC 61850 Development Status

we me  looumen lu_

n Guideline to exchange information from a CDC based
data model using IEC 60870-5-101/104 61850-80-1
. Mapping to Web Services — Requirement Analysis and
{2 Technology Assessment 61850-80-3
E Mapping between the DLMS/COSEM (IEC 62056) data
models and the IEC 61850 data models 61850-80-4
Mapping between Modbus and IEC 61850 61850-80-5 1




IEC 61850 Development Status

WG Title __________________________________|Document |Ed_

. Using IEC 61850 for the communication between
1} substations 61850-90-1
Using IEC 61850 for condition monitoring 61850-90-3
Network engineering guidelines for substations 61850-90-4 2
. Using IEC 61850 to transmit synchrophasor information

[0} according to IEEE C37.118 61850-90-5
Using IEC 61850 for Distribution Automation 61850-90-6 1
. Object models for photovoltaic, storage and other

2 inverter based applications 61850-90-7
Object models for electrical vehicles 61850-90-8 2
Object models for electrical energy storage 61850-90-9 1

Object models for schedules 61850-90-10 1




IEC 61850 Development Status
welre  Joocument |ed_

n Methodologies for modelling of logics for IEC 61850

based applications 61850-90-11 1

Wide area network engineering guidelines 61850-90-12 2

Deterministic network topologies 61850-90-13 1
. Using IEC 61850 for FACTS and power conversion data

i1} modelling 61850-90-14 1

IEC 61850 based DER Grid Integration 61850-90-15 1

Requirements for System Management 61850-90-16 1




IEC 61850 Development Status
MMM

10 Use of IEC 61850 to transmit Power Quality Data 61850-90-17
Modeling Alarmhandling for IEC 61850 61850-90-18 1
Applying role based access to IEC 61850 61850-90-19 1

Guideline for redundant IEDs with IEC 61850 61850-90-20 1

Use of IEC 61850 for traveling wave fault location system 61850-90-21 1
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Communication Interfaces

SIPS |
| SPDC | State Estimator
spDC |IK14

IF17

IF15 —

| IF13 PoC || P15
IF12

IF12
IF16 IF16 |IF16

Customer Customer Customer
Site Site Site

IF17] IF

Distribution
Equipment

IF11




Digital Substation 2.0

For Air Insulated Switchgear

. Grid
Control
Room

*

»*" Substation :
Control
Room

Illllllllu

-
~

Yy

o*

*
EEEEEEEEEEEN
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Conventional Substation

Protection Protection Protection
panel
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Conventional Substations
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CT Explosion

41
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; I

e Safety issues — equipment isolation, touch and step potentials, EMC
e Copper — raw material cost has increased 400% in 10 years

* Material cost — cubicle wiring and test costs, labour cost per wire end
termination

* Schematic design - verification cost, excessive on-site work content
 Civil work costs — trays, troughing, cable access/egress...
e Maintainability cost

ROTECTION, AUTOMATION &

ONTRDL WORLD



Sampled Values Communications




Merging Unit

Logical Device “xxxxMUnn”

LN InnATCTR LN UnnATVTR
Amp Vol
LN InnBTCTR LN UnnBTVTR
Amp Vol
LN InnCTCTR LN UnnCTVTR
Amp Vol
LN InnNTCTR LN UnnNTVTR
Amp Vol

LN LLNO

PhsMeas1 MSVCBO01

INnNATCTR.Amp DatSet = PhsMeas1

InnBTCTR.Amp MsvID = xxxxMUnn01

InnCTCTR.Amp SmpRate = 80

INNNTCTR.Amp NoASDU = 1

UnnATVTR.Vol

UnnBTVTR.Vol MSVCB02

UnnCTVTR.Vol DatSet = PhsMeas1

UnnNTVTR.Vol MsvID = xxxxMUnn02
SmpRate = 256
NoASDU = 8




Conventional IED

Protection IED
Process
Waveform Interface
o I":I Recordin Module
< @ J 1
| |
| oo o .I Analog I V, |, Protection Event
: : Inputs VO, 10, | Function ol R\éen ,
bommmmmm o T > Module patal/ [ V2,12 | ' | Element port
| Bus
|
: Opto [
R »{ Inputs
Module




Stand Alone Merging Unit

Protection IED Process
Interface
Waveform Module

r Recordin i
= @ |:|_ J

| | I

I 1 .

R - ) V, |, Protection

: ! ] Merging [T 61850 92 ’\ VO, 10, Function i— Event

\ 4

1 .
Lo Ly Unit vaa Y/ v2,12 | | Element Report
[ Bus
|
: Opto [
e - | Inputs —
Module




NCIT with low level analog output

Protection IED

Process
Waveform Interface
. ' Module
S — S_ Recording :
T | T
T - — — — b : V, I, Protection
! B/Ie.rtglng IEC 61850 9-2 ’\ VO, 10, | Function [ E\éer(])trt
NCIT [~~~ ™ n Data / V2,12 | ' [ Element P
[ Bus
|
: Opto [
e -» Inputs :
Module




NCIT with embedded MU

Protection IED Process
Interface
Waveform Module
o> ﬂ_ Recording
T ! I _
1 ! V, I, Protection
| IEC 61850 9-2 \ VO, 10, || Function ' E\éer(])trt
NCIT : Data / V2,12 | ' [ Element P
| Bus
|
| Opto [
b - - | Inputs ,
Module




Architecture Levels in a DS

The digital substation architecture

can be divided into three levels

The station control area

Communication within substation and control system,
coordination with the substation operational functions and
the station-level support functions.

The protection and control level

Protection and control of substation equipment includes
IEDs traditionally called “secondary equipment”
{protection, measurement devices, bay controllers,
recorders...)

o

Swiches

The primary equipment process level
Capture of voltage, current, status and condition signals,
consolidation, processing, and transmission of digital

data via optical fibres: intelligent primary devices (digital
instrument transformers, circuit-breakers, disconnectors)
and optic fibre have replaced traditional CT/VT systems and
conventional cable wiring.

T Switches

14
-+ Remote sfied

an

-~

Aetvanced substaton situational awareness HMI

s 31 ol Lo 1 L g g
1 1 1 1

-
-3------------‘:------:;-------‘---STﬁTII'!NHlJLS---
-
v - - w
3 -
i
Protection & Bay & & Digital fauix ‘Wide area
relays controflers | reconding & PMU control
3 - [ PROCESS BUS
b b l
Merging units, e
switchgear e cmﬂm“mmm?
mntrallers. and s
PU acquesition - -

i eguipment with
=l | I H emibeded
[ 2t {4 LBFEG

Figure 1 Genenc overview of a digital substation
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Process Bus Definition

Remote control (NCC) Technical services

Level 2
| BayUnit | Level 1
= Control _
- Metering 0O Protection Protection
- Disturbance recorder - Disturbance recorder
- Misc. Functions TC TC95
| | | | | | | | | | | I
Instrumental Switchgear and Instrumental Switchgear and
transformers transformer transformers transformer Level 0

TC38 TC14, TC17 TC38 TC14, TC17
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Merging Unit functionality

Merging Unit

1 Amplifiers, Filters

Analog circuit
Group Delay D1

Analog to
Digital
Converter

Digital Signal
Processing
Group Delay D2

x

I Calibrator I

L Time

Synchronization
IEC 61850 9-3

IEC 61850 9-2
SAV
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SMV Publishing

samples of
measured values

/ instantaneous

instantaneous

publisher

=

% Sampled MV Applicatior” ™ T
A SMV ﬂ P

-—K: SMV formatting
SvEna Set instantaneous

/ MsvCBRef ConfRev DataSetRef ww==-F measured
SmpRate value

Grouped by
Data

unicast or
multicast
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AlS Example Footprint

Combined
Disconnector &
Earthing Switch

Voltage Sensors
Combined Circuit

Breaker &

Current Sensors I /h |

7 Tk




Application
Technology

NCITs for | & V

AIS/GIS
Optical (Faraday)

Current
Measurement

AIS
Capacitive

Voltage
Measurement

GIS

Rogowski

Current
Measurement

GIS
Capacitive

Voltage
Measurement

COSI-RECT

p

o
COSI-CEVT

COSI-CT-F3




AlIS Example: COSI-CT

Use the new options made possible by COSI-CT’s light weight and absence of insulating
fluids, to simplify your technical solution and re-invent your mounting arrangements.
Mount the COSI-CT directly on existing structures or associate it with other equipment.

Significant savings:

COSI-CM 245kV » Substation footpnnt, 550kV CB-mounted COSI-CT
COSI-CT+ CVT ,
e » Refurbishment works,

-~ 2 | » Foundations & supporting
: structures,

»

550kV CB
Alstom GL317

550kV
COSI-CT

John Deer Wind Farm, USA
69 kV horizontal mounting




Optical CT in France
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Protection panel in Franc
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MABD 1
ADQUISICION DE BEAALES |
TR YTRE260K |

Merging Units in Per’u
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Digital Substation Drivers

1. Footprint Reduction

reduction with DIT, VT integration in bus-duct

* Primary equipment, AIS: Sharing of steelwork J (=
and foundations -\E P delle
* Primary equipment, GIS: CT chamber size ; 1 .
CB+CT

* Secondary equipment: Panel size reduction:
compact I[EDs

e Copper hardwiring replaced by fibre

2. Safety

* Primary equipment: Oil-free instrument
transformers

M * Secondary equipment: Removal of CT secondary
circuit, removal of need to change ratio taps

Care for
employees
and the
public:
No fatality
risk

Panels

= Footprint reduction

e.g., AIS Yard up to 30%

3. Situational Awareness Applications

Integrated condition monitoring, asset management
and wide area control

= W e Wi HE
—— o
el Clear
alerts and

dashboards

@ ROTECTION, AUTOMATION & CONTROL WORLD



IEC 61850 Based SPACS

| Communications
Gateway

Control Status

Analysis Tools I

(25' Advanced | Substation :::\
PIU ~ ‘\1 Configuration Tools |

\
VA \\ AN
—= \ AN AN :
Advanced |- /o ANV A\N N ] Protection
C PIU i VAN IED
/ vy \\ \\
/ v\ \ \ -
/ \ \\ YA N\ -
/ Ay N\ Y| Protection
/ IATANRY IED
I/ \\ \\ \\ \
/ \
/ VNN Control
/ VN IED
Control Status / \ o\ .
/ Vv "
q Advanced / AURNIRY
U - / \ VN Control
VA IED
\ \\
\ g .
QO— O— \ Yy Monitoring and
\ Recording
\

Monitoring and
Recording




Centralized SPACS
@Eo |------ G—rieo ] [eceasso

o BB Zes B QJrieoc | O|riep |

. o




Centralized Protection

55500

ROTECTION, AUTOMATION &

62

ONTRDL WORLD



Future SPACS
@ED |------ ¢—rieo ] [ieceisso.

o BB Zes B QJrieoc | O|riep |

. o




Future SPACS




SCL Files

Pa
ge

. Substatiorfﬁ Specification Description *.SSD
* |ED Capability Description *.ICD

e Substation Configuration Description *.SCD
e Instantiated IED Description *.1ID

* Configured IED Description *.CID

e System interface Exchange Description *.SED
e |[ED Specification Description *.ISD




SCL Obiect Model

_______-——-""F_F_F_J Function ‘é_ Subfunction [ ] Functionalsubstation structure
1 / O | |:| Product / IED structure
O{}____ Tmmfyuér \ ? |:| Communication structure
Substation T ; 1 -
1 Q\ Voltage ] ) ase
Bay 1
level % 1 T
1 0.2 |
1 . CBR DIS | | VIR
Terminal
1
ConnectivityNode
P o
' | LNode k> Data
i Client access-poimts  0.* 1 1.*
L O 1
AccessPointl— 0._* 1 ]
 — Server | »>—— LDevice
1 L. 1.
Subnetwork Router
IED . .| Clock
o1




Reduced Installation Costs

 Reduced costs due to the replacement of hundreds or even
thousands control cables with a limited number of fiber optic
cables

 Reduced costs due to the replacement of the wiring of
hundreds of copper wires to the panels’ terminal blocks and
then from the terminal blocks to the relay terminals with the
plugging in of a few pairs of fiber cables

67



Reduced Installation Costs

 Reduced costs due to the requirements for testing of all hard
wired interfaces versus the testing of the GOOSE messages
nased on advanced software tools

e Reduced costs due to smaller foundation size

e Reduced costs due to smaller substation yard size

e Reducec transportation costs
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Other Benefits (reduced costs)

 Improved safety

 Reduced probability for CT saturation or no CT saturation
 Improved flexibility

e Reduced maintenance

 Improved interoperability

* Improved reliability

e Remote testing
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Remote Testing

‘ Remote ‘
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