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PMU Deployment within North America

North American SynchroPhasor Initiative (NASPI)

Phasor Measurement Units in
North American Power Grid

Currently 200+
PMUs Installed.

Expected to exceed
800+ PMUs by 2013

(under SGIG Investments)
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With information available as of March 16, 2011

Source: NASPI Website (www.naspi.org)
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Energy Management Systems of the Future
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Integrated “measurement-based” & “model-based” Analysis....

A nice marriage, indeed!

SYNCHROPHASOR APPLICATIONS

PMU Measurement-based analysis
PhasorPoint NEW

Limit

Model-based analysis:

Corrective actions based on ‘what-if’ analysis
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Alstom Solution Architecture
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PG&E SynchroPhasor Project

Vahid Madani — Project Technical Leader

- sl ‘

I

2 == “' ] | L

e-terravision Displays

. ey

EMS Visualization and Alarming Platform

(Cognitive Task Analysis & Information Processing)

Grid
e MU siability M Apps

with Neighbours) A pps Simulation

Substation
State Estimator

High {

Fault Locato \
SR e : Voltage 4
Data Archival

PMU and SCADA Data
(Redundancy/Data Synchronization)

SynchroPhasor Applications for the Control Center



PG&E Proof of Concept (PoC) Laboratory
Vahid Madani — Project Technical Leader |

PG&E POC facility has been instrumental in
gathering the expertise to provide the industry
with direction and a fast track process for

maturing the standards such as the IEEE
C37.118.2, C37.238, 242,244, and IEC-61850-90-5

-- "Going Beyond the Abstract”
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Improving Situational Awareness in the Control Room

Situation Awareness Visualization j
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SynchroPhasor Wide Area Visualization (e-terravision)
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Dynamic (Oscillatory) Stability Management

“The interconnected electric power grid is Oscillations seen by SCADA and PMU data
one of the largest dynamic system of today” B ot e e

Numeric SCADA displays today

Mechanical Rapidly changing digits on a
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Analogy
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* With synchro-phasors — high
resolution trend display
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Oscillatory Modes Observed in Colombia (2009)
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Congestion Relief

Dynamic Stability

Transmission Corridor
Net Transfer Capacity

Model limit  Limit with Thermal

with margin  measured limit
Great Britain Australia damping
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Renewables Integration — Scotland (2012)

In distribution network, increase connection
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A single phase to ground fault with resistance of 100 ohm on Line
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Wide Area Protection Scheme - Iceland (2012)
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Smart Grid in the Future:
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Islanding, Resynchronization and Blackstart

Identify islanding quickly

Alarm raised

Islands clearly visualized

Improve system visibility in
blackstart
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Synchrophasors: The New Heartbeat of the Grld'

Enabling Intelligent Decentralized Grid Monitoring & Control
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