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Unified Digital Twin Model Based Integrated GTDMS
Planning, Protection & Operation of
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SVP & Global Director
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. Powering Success

ETAP is a solution for Design, Analysis, Protection, Optimization,
Operation & Maintenance of Electrical System:s.
Utilized by 10,000+ Companies Globally across HV, MV, LV Sectors

§_ Life Is ®On

SclénEeider © 2022 ETAP
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. Powering Success

Powering the World

Generation Distribution

From Renewable to Nuclear, some of ETAP Grid™ transmission system ETAP Grid™ offers an integrated
the world's most advanced power software integrates transmission distribution network analysis, system
generation plants count on ETAP to network planning with detailed planning and operations solution on a
help provide reliable, clean and cost- substation models, network topology progressive geospatial platform for
effective power to their customers. processing, transmission system simulating, analyzing, operating and
analysis, electric SCADA and real-time optimizing the performance of Utility

transmission network energy Smart Grids.
é? management system.

Life Is ®™n Scléneider © 2022 ETAP

' Powering Success Electric



Changing Energy Landscape

Traditional
Energy Value or
Chain
/”’ BN
7/ N\
/ \
/ \\
The New Energy @ 7:( L;( l @’ ! of @
Transition \ !
Centrallzed Transmission Distribution %, /!
Generation + . Prosumer < Off grid with new
Generation S~e__-- -

clean generation

Connected from Plant to Plug
Decentralized —+ Flexible —+ Connected

Consumer morphing in prosumer

@e ta p Life Is ®n Schnelder © 2022 ETAP
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Optimize your electrical bill &
sustainability footprint

Hybrid system: Grid + local
generation/storage + load management

?

. Powering Success

- - -

Grid-tied

Life Is ®™n Scl&neider

Electric

New Grid Objectives

Manage blackouts while
optimizing efficiency &
sustainability footprint

Hybrid system: Grid + local generation/storage
+ load management

_____

_____

“Power on” with efficient and

future proof power systems
Hybrid system: Diesel/Gas &/or renewable
generation + storage + load management

© 2022 ETAP



Business Challenges in Grid Transition

Grid Integration

. & Repowering
ca
N Need to prepare future power grids
streams- to integrate rising shares of clean
Power is critical

Increase Reve'nu"ge

22 e @€d

s G

Need t her im

factor ergy m

generate new‘

system reli
efficien

‘BD% of LCOE is : Spot Market : Global share of variable

renewables (wind and

related to O&M Costs for::(;né;er&cgi\;]v:tti);éé? ?)sr]etg solar) would increase to
— g energy markets 349%0 by 2030 and
GO0Neees* . e .
. - — e 60% by 2050
-~ - e

@e ta p Life Is On Sclg?l‘lEﬁlgﬁlc' © 2022 ETAP |
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Gaps In current Frocess ot IVIUNICS

No connectivity from design to project information

Most of the models are not"maintained and updated

SCADA and operational systems are not available

Protection, Planning & Design Model for asset would be independent
Detailed Substation Asset Modelnvvould not be Captfjred

No Network Model Management from Planniﬁg, Design, Construction
to As Built

No protection data base and no integration with the devices .

Multiple Database, Different Model for same asset
No training platform for real world scenario

No Asset Integrated Model

No Predictive Analytics for Operational Support
No operational support platform

No platform for future DER integration



Grid Transition Risks

Planning & Integration Risks Maintain Grid Resilience Engage Consumers
Variability & Uncertainty of RE Instability & Lack of Capacity Demand Response
Impact to Fossil-Fueled Generators Congestion & Physical Limitations DERs & Distributed Storage
Interconnection Complexities Regulatory Compliance Microgrids & eMobility
I
N
- ay
/l|\\
N
~
_/ =
a 1= =8
Do b 4 4 4

i Life Is ®™n Sclél‘lEtlaider © 2022 ETAP
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More
ELECTRIC

48%

increase electricity demand in
2040 compared to 2020

Source : IEAWEO 2014

More
DIGITIZED

10X

more increase connected devices
than connected people
by 2020

Source : Cisco, Internet World Statistics, Mc Kinsey

More
DECARBONIZED

86%

of investments in Power
Generation till 2040 will
be in zero-carbon fuels

Of which 71% in Wind,
Solar and Hydro

Source : BNEF 2017

More
DECENTRALIZED

12%

of generating capacity
from DG in 2025

65% of DG investments
will be distributed Solar PV

Source : Frost & Sullivan



We enable utilities to go for more sustainable electricity through digitization and
technical innovations. More Energy, Less Carbon!
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g . |
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Optimize TCO Maximize DER ; 'mpf.g;’eemg”d % Support new
Integration ..!?5 ‘ y] energy services

Reduce cost / 'kV|.‘: APEX
& OPEX/ Customer

ami

Rehabﬂﬂif electrical power

Project delivery on time and
on budget with digital twin compliant connection to ¢

Solutionfar gASE. ° Microgrid-solutions for better

resilience and sustainability
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Multi-sites supervision - Solution for Distribution 1’1 while allowing to monetize
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We power the digital transformation through the lifecycle of Power & Grid
companies, as key players of a sustami.t{‘la'fﬂéx&ﬂe and resilient New Electric World

g
ﬁ?enewablef Transmtssmn . Distribution

n
3 mmll LT ) . gi?
CHill >: ( * .
L e | | ~ Digital sub -.f d architecture for -

.:_Iglp and resd;egﬁz »H‘h

R
) ::.. N

Conventional
Generation

It e



oy St&ﬁ;d’%ﬂ;towards 2 s—ﬁsﬁinable digital Jture
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33 kV
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Safety &
Compliance

Reliability &
Efficiency

Operational

Sustainability Efficiency






Complete Life Cycle Engagement with Hybrid Power Digital Twin

& o S 8 &

GENERAL & SPECIFIED CONSULTANTS ENGINEERING TEAMS EMS VENDOR MAINTENANC OPERATO

Conceptual/Schematic/DNA/TNS

| T eyeE NS W Coordinate & Operate & Maintain
PPC, Hybrid, Controller Design Validate Change validate & expand

Requirements +
Completed design g N / ~

g - Firster
rd Simulate & Validate J X

™,
Commissining / Train & Operate
> e B . N> B
[ ’ :I:
|

CJ

-]

[jr =

7
. =]  Tabular v Schematics Physical = Plant
= lity model =
easibility mode data > > _ . : Documents
Direct Deploy in

- controller == Digital Twin
Based Asset

o G G
O©OETAP 2022 - Confidential
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Real-Time
Operating Data

- Network Model
Visualization

® Network Model
Analysis

© 2021 ETAP Confidential . Powering Success

Historical Data =




Protection & Relay Detail Design
Data Model
Test Results, UDMs

Existing Asset Data

Site Survey & As
Built Data with

direct connectivity
Verification & Validation

Manufacturer
Data
ETAP Library Data
Reference/
Calculated Data
(Native) Asset

Management Data

Underground &

Above Ground Reliability Data

Design, Engineering & Consulting

B Sub-Distribution

Distribution &

Data

Metering Data

L Setap N

Fault Data

p™

Digital Twin Model
Robust Engines
Multiple Views

Unlimited Scenario

Unified Database
Seamless Integration

ETAP Integrated Asset
Constraints &
Compliance
(Rulebook)

Renewable Corporate IT =

O&M Data

Generation

(Outage,
Conditions etc.)

Data (IPP &
Renewable)

Design
Planning

Application

SCADA, PMS, iLS,
AGC

ADMS

Protection
Protection

Event Play Back

Work Oraer

Power Quality

Economic
Dispatch

Power Plant

Reliability &
eProtect

AFAS

Situational
Intelligence

Operation, Maintenance & Extension



Keeping Digital Twin Current is Essential

Design -
o [@] “:IDEI
MAINTAIN ENSURE REDUCE
COMPLIANCE SAFETY DOWNTIME
Compliance with Eliminate unsafe Minimize
applicable operating production loss &
. " eliminate
regulations & conditions & guesswork by using
standards. ensure the safety latest SLD & “what
e.g., NFPA 70E of personnel. if” scenarios to find
(Article 205.2) the optimal strategy

Local Compliance
HSE, PQ etc.

for power system
recovery.

Digital Operation

| etap.com

>~ Operate
R 9
4%
UPGRADE OPERATIONS
STRATEGY INTELLIGENCE

Avoid rework &
costly power
system studies for
each upgrade
phase of your
electrical system

Energy Transition

Utilize Digital Twin
to validate model,
make the right
decisions,
investigate events
and their causes,
automate,
optimize &
maintain your
facilities

etap




Utilized for preparing a critical response plan with validated model
Enables personnel to understand design of the electrical distribution system
Road map for future operation, testing, service & maintenance activities

Digitized SLD is the foundation of the Electrical Digital Twin for Design & Operations




A single-line or one-line diagram is a vital representation or
a blueprint of a multi-phase power system at every stage of
Asset ( )




© 2022 ETAP

Import Data

Build Model
Templates
AutoBuild

Graphical Edit

Powering Success



Key takeaway: Partner with ETAP for your digitization journey

Optimize & secure Operations &
Maintenance
Step 3 in real time
OPEX Savings and Production Improvement
Energy Optimization

Leverage your digital twin to improve your
Step 2 Efficiency, Resiliency, Sustainability and
Reliability

Step 1 Setup and maintain foundations of your
journey to ensure Compliance & Safety

CAPEX Optimization

© 2022 ETAP | etap.com



Digital transformation Strategy & Evolution

...... { Grid Model }» Planning { Safety }{ Operation }{ Management }

O - 0 - 9>0>9> > @

iabili ili Asset & Maintenance, DTS i i
Grid Modeling & Network Analysis Protection & Safety SCADA, ADMS, REMS, Reliability & Resiliency O.perajuonal Plan.nmg &
Microgrid, DERMS Situational Intelligence

Visualization

. > :
> @ > @ ':

g ull
— A
“~ = “~ —
. _ PN _— —_— R J
Digital Twin Model of Entire Digital Plalnnlng:, Steady & Relay Coordination, Arc Edge & Central Control SAIFI, CAIFI, CAIDI, Optimization Digital Protection, Asset Maintenance, Native Connectivity to SCADA, OSI-1, Power
Asset (iSLD) Dynamlc, Grid Code Flash, Earthing, Flicker System Training, Analytical Intelligence, Al, Forecasting,
"o > é
{ Energy Transition } ------------ { Optimization } ----------- { Reliability } ----------- { Training } -------------- { Situational Intelligence }

ETAP Intelligent Digital Twin with Unified Model & Database for complete Digitization of ?
Utility at each phase with IT & OT convergence. eta

©ETAP 2022 - Confidential ° Powering Success



Unified Platform - Multi Dimension Modeling

Model
User Friendly etapAPP Validation
Presentations Interface Field data collection @
Configurations @
Data Revisions @ _______________ e H
Time Series /,/ 7 K

NetPM™ Load

Network & Cloud Auto Layout Allocation

LV, MV, HV, AC, DC, Unbalanced Systems @

O©OETAP 2021 - Confidential



Design Solutions
Design with Confidence

Study
Protection & AC,DC, HV Wizard
Selectivity Arc Flash @
Rule Books /’/ o Sizing /," Evaluators
: R F ! Analyzers
Engr Library p Cable (@), @

Load Flow U/G Ground
Short Circuit Raceway Grid

O©OETAP 2021 - Confidential



Design
Solutions

O©OETAP 2021 - Confidential

Advanced Design Solutions

Time Series Load Motor Starting Transient Stability
Flow @ @
Power J/ Reliability ‘
’ Quality @ /// ’

————————————————————

Contingency

Complex Analysis with Ease & Assurance

CoSimulation
TS & EMT

Electromagnetic
Transient

. ring Success



Unbalanced
Network
Design
Solutions

©OETAP 2022 - Confidential

Distribution Network Analysis - DNA Solutions

Optimal Feeqer
Power Flow FMSR Hosting
/ ‘ ‘ ,// WO

Line & Cable Sag &

Allocation Constants

Tension

Radial, Looped Configuration

Optimal
Capacitor
Placement

Switching
Optimization



Distribution Transmission Analysis - TNA Solutions

Optimal OS\tn-lit(.:hi:g Volta-g-e Operational Planning
Power Flow plimization Stability @
Unbalanced & @ _______ , ® e > —
NDet“{(’rk /’ +/ Distance ,"
esign ot J Protection /!
Solutions / @ SPS/RAS
Contingency Line & Cable @
Analysis Constants Sag &

Tension

Radial, Looped Configuration @

©OETAP 2022 - Confidential



Commissioning Solutions

State Estimation e0TS

eProtect @

Partial o /!
Real-Time ," o ,’, Playback
Data
Predictive Analysi Software
Design @ @

. in-the-Loop
Solutions

V&V Commission Actions +/- Real-Time Data

O©OETAP 2021 - Confidential



Power Monitoring & Management - PMS Solutions
Situational Intelligence

Validate Before
SCAD.A i Operate eOTS
+ State Estimation
@ Playback @
@ ———————————————— / , ST T T T T T T T T T T T ’-‘
R ’/ ,’// AFAS ,’/ Maintenance
’._%a 2 @ Planning
Design Energy Accounting@ @
Solutions PQMS

Q 0

OETAP 2021 - Confidential " Powering Success



Advanced Distribution Management - ADMS Solutions

e0TS - DTS

DNA @ woc
Solutions Load / DERMS  (6),”

@ @ Switching

FLISR Optimization

Radial, Looped, any Configuration

©OETAP 2022 - Confidential
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SCADA
Solutions

©OETAP 2022 - Confidential

————————

Energy Management - EMS Solutions

e0TS - DTS
EMS AGC
oI o} O —

Mult

Economic Fuel Cog@), Objective

DiSPatCh //_/ __________________ ,//

@ @ Unit Commitment
LFC

Radial, Looped, any Configuration

32
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Introducing Connected GTDMS

Microgrid System

A

W~

RN

A | R
|

O©OETAP 2022 - Confidential



End to End lifecycle: from Design to Operatio

Hybrid Designer

Sizing, analysis &
detailed power system
engineering using
Advanced Electrical
Digital Twin

Software-in-the-loop

Verify performance
while reducing
complexity, cost & time
for system
commissioning

Intelligent Model

©ETAP 2022 - Confidential

GTDM Controller

Automatically adapt to
system changes using
proven control and
optimization intelligence
to generate an
improVéd ROI

Smart Operat|o$

Enterprise Management

Intelligent real ,
Si atlonall. SRR

forecast-driven -
predictive simulations

etap

° Powering Succ: ss



BUIldlng the 360 GTDMS Dlgltal Twin (Engineering to Operation)

Power Sys.tem Medelling Q.. Power operation, Planning, Maintenance, Management
(Design Twin) selap (Operation Twin)

O
I Operate & Maintain ~ “As operated Model”

Digital Twin

O
& Design&Build  “As designed SLD” -

Design & Power System Analyze Power Real Time Control Management
Construct Planning Automation Simulate Center

?etap@’

©ETAP 2022 - Confidential ° Powering Success



ETAP Digitalization for Electrification

Load Flow .
Short Circuit Relay Power Quality Cable System
Earthing Co-ordination Arc Flash Renewable
Equi t Auto Transient Stability

quipmen
Sizing Evaluation EMTP

UBLF Switching Grid Code

:Ne Optimization Allocation & Grid Impact

TDLF FLISR SSM Analysis

OPF Contingency ATC BESS
Load Allocation Python

Automatic Processing & Setting

file generation

Multi-User K
Environment K
Digital Protection

Management

Central Protection
Visualization &
Evaluation

ISO
-4

Relay Setting €§3 i :“
61850 Change
Management

Health Monitoring
& Maintenance

LITY CORPORATIGN

Field Data
Collection

o

as &

IVR & o

= Aware
AMI/AMR E%g
ERP s

AMS Predictive

BI Simulation
APMS
GIS

Real-Time Network
Connectivity Analysis

ETAP Legacy
Software Model

. . 4
D Situational &

Competency Event Playback

W EREECIEE

Model
Trainer based
& Trainee HMI

Real-Time Analysis
Predictive Simulation

Alarms &
Notification
\EREEEN

Supervisory

Control

Intelligent Load - Load
N Shedding % Forecasting
- Load Flow
SLE

DSE: Real-Time

»> Reporting of
J~ Technical &

Edge Control

Non-Technical
Losses

.
cy

SSM
SOM

-
'~.,. Loss Minimization
E Load Balancing

"“‘ Feeder Reconfiguration
", Load Shedding

., VVO & Conservative
Voltage Reduction
Switching Optimization

\g Work Order
0 Management
--..-,... ﬁi’i AVL
Web GIS

¢-------

MWFM

s Microgrid
% Analytical .,
ntelligence . o (B Fusr
= Outage Analytics & Report
O&M
DERMS
Planning RE SCADA f—@ Trouble Call
PPC Outage Prediction Crew & Event Management
PASS & Analytics

Unified Digital Twin Model based Enterprise Platform



Best in class GTDMS Enterprise
[ eows

O©OETAP 2022 - Confidential



© 2022 ETAP

. | y
£

iSLD Digital Power SSM, Safety &  Sjtuational
Twin Advisor Work Order Awareness
Power User ETAP Power Monitoring
Operation Interface eOTS & PSMS Expert

Okken MCC Gutor UPS Transformer GHA/MCSET/PIX T & Ambient Sensors
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© 2022 ETAP

Transmission
Modeling
Compliance

DPET

g S,

R

i

User-Defined
Dynamic
Models

UubDM

Contingency
Analysis

Short Circuit

Optimal
Power Flow




Distribution Network Model (ETAP)

GIS Model

Integration with GIS and creation of detailed
distribution network model with feeders and
SLD as an electrical digital twin

The GIS software development or
enhancement with the complete network
Model connectivity, properties, tracing, data
warehousing using ESRI Arc-FM GIS Plat
form

ETAP
Network Planning, Analysis and Optimization

GIS Integration

Connecting to MDM, SCADA, ADMS for
performing below application:

* Distribution Planning

* Protection

* Network Analysis

* Network Optimization

Further provide the CIM for Integration with
ETAP as well as real time SCADA, DMS for
analytical visualization

© 2022 ETAP



ETAP Distribution Analysis Solution

Forecast, Analyze, Optimize

Network Model Management
Grid Modeling & Visualization Distribution Network Analysis

Energy & Demand Forecasting

i g DER Placement & Forecasting
- . i Power Quality Assessment
o X | Loss Identification — Technical & Non-Technical

Loss Minimization / Reduction
Feeder Routing & Resizing
Reactive Var Reinforcement
Distribution Capacity Planning Network Protection & Safety
DG Interconnection Location & Impact Techno-Economic Planning
Improve System Reliability

. , I Time Series System Dynamics
Optimize Grid Efficiency

System Optimization
Fault Location Isolation & restoration

Equipment Libraries & Study Automation

© 2022 ETAP



_8SCADA & ADMS

-




© 2022 ETAP

Meters, IEDs

Disturbance

Measurements

=
— Measurements
Controller
(e Fault Info
., & ‘ .

i
i

Asset Condition

DT-FRTU

>

Operation Info
>

— (tm))

Trouble Calls

&.

= 1 /A
L. 1/ Y

Monitoring
Analytics

. . nCe
tWational Intellige™

Opel'ator Trainit®

ADMS
EMS

@etap
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ETAP T&D Automation

Performance |
Management
System & BI

Al, ML,
Optimization
& Prediction

SCADA &
Web View

DMS ~Protect

© 2022 ETAP | etap.com



Innovative & Sustainable Transition with

One Platform Integrated Apps B, i Soft Controller Digital-Twin
@& (;' r\{ré Uy |
@l g
@ Battery Energy Stgrage
Solar Power Plant

N \
l
l

. a0
Diesel Generators (6\99\°

M%’“

Wind Power Plant

Gas Power Plant

Control Center Factories

City & Buildings

@ Smart House &
Electric Vechicle

©OETAP 2022 - Confidential
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Protect is an Enterprise Asset Management Solution for
Design, Engineering, Maintenance & Operation of Industrial & Utility Power Systems

Lie
. R N
Increased data quality and access Protection setting sync betweena -
management phyS|C' 'I' r 'Iay and ETAP Star PDC
Automatic processing and relay Integrated ‘with Advanced Fault

settings file generation Analysis System, AFAS @

OETAP 2022 - Confidential " Powering Success
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eProtect Offerings

cProtect

telap



Protection
Relays

Design & Analysis
Workstations

As-Optimized
As-Designed
eProtect
As-Operated & ]
Seq. of Operation Web Clients

CETARdEAPCoONfidential " Powering Success



Jperator Training

e,
.

.
-

» -




OTS Operator / Dispatcher
Tralnlng Simulator

Operation & Control

Ti4o & Predictive Analysis

® Operator Training to Outperform

) ¢

onfidential " Powering Success



Deep learning in a safe, simulated, non-intrusive environment.
Improve operator competency through hands-on training.

Qualify and certify new and experienced operators using standardized operating

scenarios and test cases.

Use of ETAP SIL (Software-in-the-Loop) to emulate user interface and create a high-

fidelity training simulator.
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