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Outline

= Integrated Grid

* What's different?

= Need for real time information
= Developing applications

» Coordinating the research
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The Vision: A Robust Integrated Grid
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A Robust Grid is required to
unlock the value streams for distributed resources

as well as
assure continuity of power that is critical to society.

ELECTRIC POWER
RESEARCH INSTITUTE

© 2015 Electric Power Research Institute, Inc. All rights reserved. El El



Challenge — Capacity and Flexibility

Future

4

Today

M Energy ® Energy
B Capacity | Capacity
u Ancillary Services = Ancillary Services
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Central Statio A Variable Generation Energy Storage

Demand Response
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Synchrophasors —tool for system condition assessment

p ower-

Synchrophasors provide
foundation for real time
assessment of system condition
based on measurements

Vionitoring the Health

The Early Years

PMU Memories

How It All Started
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Wide variety of applications

= State Estimation e p— i

= \Wide-Area Visualization

= On-line Dynamic Security Coclog o Dot renive Agpictors
Assessment |

» Measurement-Based Voltage
Stability Analysis (MBVSA)

* Fault Location
= Adaptive Protection
= \/oltage Control

= Model Validation
* Event Analysis
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Data Management (BPA)

SCADA

Archive
System (P1)
SCADA Alarms List
PMU Data e
160,000 meas/sec
Alarm Event =SynchroPhasor Alarm 1=
SynchroPhasor Displays
Event Data
PMU 6000 events/5 seconds _E_i \
Data
18,230 meas/sec '

Detect Oscillations
Montana Tech ODM

| | Application Engine
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Data Analytics

Knowledge definition:

* =  The goals of end users
« Targel information

[ ]

Information Assimilated

m Information
o'l

ity
s

Waveforms Time, Knowledge

frequency, Peak voltage, phase
phase, angle, duration, reactive
wavelet power, rate of rise, .

Interpretation and
Data selection: Report Presentation:
+« |nterprete assimilated

=  Efdve outliers ;
= select relevant data infarmation into knowledga.

« Reporl presentation
Feature extraction:
+ Rule-based
+  Machine learning
= Pattern recognition
. ate Information assimilation:
Data transformation: » Incorporate pieces of information/
« rearrange data favorable for Enciedge
exiraclion * Resoclve conflicting information
« freguency domain, time-scale
damain
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Synchrophasor-Based Wide Area Oscillations Damping
Controller

AREA 5:
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No control
MPC control
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* Improved Damping of Target Inter-area Oscillations Mode

* Application of Synchrophasor Technology in Closed Loop

Wide Area Control
\ /
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Wide Area Oscillations Damping Controller Design

Adaptive Controller

Transfer Function

- Measurement-derived tece Power System
transfer function model . — 'z B
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control of local & MPC WADC { T"“':’"'“":“"“ J
Interarea modes \_ J
Selected observation signal

Ongoing: NYPA
Case Study -Zm— .

WADC via additional input to
generator excitation system or
FACTS/HVDC controller
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Hardware in the Loop Implementation

Random time delay compensation

Establishing feasibility of e
Im P lementation in real- T """"" —Control + no delay compensator |
t| me o p el‘a’[i on mo d e U '\ W S I —(?ontr(:nl + d(:elay compt?nsator
CURENT/UTK Hardware Testoed ~ | | §' “ N u :
|— ;VIE_W In: _‘ T _________________________________ “ u ““ _______ u“
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Center
k- Data packet loss
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PMU, FDR
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Coordination of research activities

=DOE

= National Labs

= Universities/NSF
= ARPA-e

= EPRI
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Technology Innovation Project

TIP 299: Synchrophasor Linear State Estimator and PMU Data

Validation & Calibration

Technology Innovation Project

Project Brief

Project Brief

TIP 332: Open Source Platform for Accelerating Synchrophasor Analysis

Secend / \
R, —

— RTPSE Servi

\

> Action
Input AR Output
Adpaters Phasor Adapters

Top of the Second

o Stuatons Awiweness

l Real-Time Phasor Data Bus I

Grid
Solutions
Framework
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Integration and Visualization

TMDV Tool Development

Visualization

Analytics

Visualization Visualization

Analytics Analytics

Integration

Other
Data
Sources

Other
Sensors
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Integrated T&D Modeling and Control

» Grid management system, DMS, DERMS, etc.
= Architecture

= Distributed Controls —libison Lﬂ;‘

= Model management
= GIS
= OMS

Grid Modernization Initiative

Grid Management System

Architecture

Economics
System

Data Repository
System

Central Integration System

L~

February 1, 2016

Grid Infrastructure Management System

AT
i Distributed QOptimization
Reliability System Integration System System
© 2016 Southemn Cailfornia Ediscn Company Neither SCE nor any indvidual or entity involved with this Project is saking
ANy waIranty of representation, expressed of implied, with regard to this report. See Al disclamer statement on page |
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Cyber security and physical security —
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” ITEvents )

[ Network Device Logs ]
[ IT System Logs ]

Business Systems

L

Physical Security
Systems

Information

Threat and
Vulnerability
Sources

Appliances

[ Behavioral Learning J

Industrial Security
Appliances

Correlation Engine

Reporting

Integrated Security Operations Center

4 OT Events h

Control Center Systems ]

Substation Gateways

/

Log and Event Aggregation

Field Devices

YN )

|
J

A

Field Network
Operations Center

 Efficiently detect events across utility domains
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The need for collaboration is greater than ever

Data Analytics
Initiative for Transmission
and' Distribution

Year Two Update

TransmissionrModernization Demonstration (TMD)
Distribution Modernization Demonstration (DMD)

Data Management & Analytics to
Support Electric System Operations,
Planning, and Asset Management

EPI2 | wtiel N
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Together...Shaping the Future of Electricity
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