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A Modern EMS Control Center
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EMS Analysis Tools
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Evolution of Grid Analytics and Visualization

. . L
Data = Information == nsight - Foresight!

Applications 1.0 Applications 2.0 Applications 3.0

Control } / : ‘ Exposure

Visualization 1.0 Visualization 2.0 Visualization 3.0
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Synchrophasor Technology

e Synchronous measurements:
-Voltages, currents:
* a,b,c phases

 Positive, negative and zero sequnces

- Frequency, frequency rate-of-change,
- Status

 Higher resolution sub-second scans
* Precise GPS time-stamping
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The New SCADA Frontier

>~ Data (PMU) - Tomorrow
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The Grid Monitoring landscape is Changing
I

* Real-time grid measurements moving towards being 50-
60 to 100-120 times faster!
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Today’s EMS Analys
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August 14th, 2003 Blackout Timeline

Monitor wide area grid stress

An hour to react, analyze & mitigate!
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Integrated "Measurement-Based” and
“Model-Based” Stability Analysis

Current EMS New Safety Margin

Operating Point Limit <cHa True Limit

PMU Measurement-based Model-based analysis:
Corrective actions based on ‘what-if’

anaIySiS S ' analysis

Dynamic Security Assessment
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PMU Benefits to Grid Operations.....

e Situational awareness tools

* More Robust, Improved State Estimation
 Fast online stabllity solutions

« Maximize utilization of congested corridors

* Disturbance Locator

* Identification of coherent groups of generators

* Improved forensic analysis
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| have a fully functional EMS..
Tell me, why do | need Synchrophasor WAMS?

e Observability of the grid - beyond your SCADA system

* Disturbances, oscillations, islanding, angles diverging, overloads, etc
* Detect undamped grid oscillations that may lead to a blackout

 Calculate line impedances online with a PMU at each end of the line

* Monitor diverging voltage angles that may lead to a blackout

* Monitor low voltage regions & reactive margins to prevent instability
* Maximize MW capacity across existing congestion corridors
 Immediate online replay of a recent disturbance

 Faster forensic, post-event analysis and detailed event re-creation

* Detection of islanding in the grid; assist in re-synchronization

* “Synchrocheck relay for the grid”
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EMS with PMU Analvytics

EMS Visualization and Alarming Platform
(Cognitive Task Analysis & Information Processing)
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Control Room Operations

|
The Next Generation Energy Management System!
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SCADA & Alarms
State Estimator
Small Signal Stability

Transient & Voltage Stability

Other EMS Applications

Island Management

Transitioning from traditional “steady-state” view to enhanced “dynamic” situational awareness.
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Benefits of WAMS

“Model, Measure, Monitor, Mitigate!”
I

gae  \Vide Area Control

Co-ordinated control hierarchy,
centralized (via EMS/DMS), or
decentralized as appropriate.

Control Room
Operations

Wide-Area situational
awareness and coordination _
across seams. Electrical

Create and manage robust real-
time variable stability limits.

Add Operational Response
Guidance to

Situational Awareness for Critical

Conditions Engineering Analysis
Big Data Analytics

Risk assessment, data mining, baselining
for grid vulnerability.

Analysis tools for condition monitoring,
model validation, control tuning, post-
event analysis, compliance monitoring.

© ALSTOM 2014. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without
liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.



DoE Smart Grid Investment Grants Synchrophasor Projects
courtesy DoE, NASPI

Phasor Measurement Units in
North American Power Grid

$300M for
Synchrophasor
projects in 2009

200 PMUs in 2009...
1800+ PMUs by 2015

Legend
@ Networked
O Installed
¢ Aggregators

With information available as of September 22, 2009
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India URTDSM ==
Unified Real-Time Dynamic State Measurement ==
I arazfors

The World’s Largest WAMS Project,

on one of the World’s largest Grid Interconnection!

 Customer:
- Power Grid Corporation of India Limited,
INDIA
e Scope:

- Two Packages covering all 5 Regions of
India

 Phasor Data Concentrator for 34
Control Centers

« > 1000 Phasor Measurement Units
for 351 Substations

source: www.powergridindia.com
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Wide Area Control

Bridging the grid control gap! Z — Measurements
| C - Controls
Protection Automated Wide Area Control Control Room EMS/WAMS
Local Z Regional Z Wide area Z
200-600ms Regional C Wide area C
Loel © Wide-Area Defence
16-200ms 0.6-3s 3-15s 15 minutes
Equipment Automated Automated Operator Dispatch
Protection Trip Dispatch Human Response
Frequency Stability

Oscillatory Stability
Long-Term Voltage Stability
Short-Term Voltage Stability
N-x Transient Stability
Transient Stability

Local & Differential Fault Protection

—
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Future Grid Management System

Root Cause Generator
Analysis & ISO Compliance

Modelling
Offline Analysis

Post-Event

New Smart Grid WAM S Synchrophasor

Applications ‘the new heartbeat Analytics
of the grid’

Demand
Response

Substation Local
Automation Controls

Distribution

¢--------

Wide Area

Distributed

Generation Controls
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“Electrification’ was voted the most important engineering
achlevement of the last century! — us NAE, 2000

“The best minds in Electricity R&D have a plan:
Every node in the power network of the future will be

Awake, July 2001

THE RIAA DOESN'T WANT YOU TO SEE UTHAT'S DN PAGE 61

Responsive,

Adaptive, Today

Price-smart, We continue to make

Eco-sensitive, progress towards this!
Real-time,

Flexible,

/ itufBFor Sirart P
Humming.... | = n‘i'" art Power

and interconnected with everything else.”
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ALSTEM can

We are shaping
the Smart Grid

Thank you...

jay.giri@alstom.com
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