TEXAS A&M /\ ENGINEERING

Smart Grid

Center

Smart Uses of Data in
Smart Grids

Mladen Kezunovic
Texas A&M University, USA

Keynote Lecture
ISGCE 2013
Jeju Island, Korea
July 8, 2013

Copyright 2013  Texas A&M Engineering Experiment Station




Smart Grid

Outline

oB

Background
Data Properties
Translational Knowledge

K&\i//é/ ; Implementation

Q/A

nnnnnnnnnnnnnnnnnnnnnn

Copyright 2013  Texas A&M Engineering Experiment Station



TEXAS A&M /\ ENGINEERING

Smart Grid

Center

Data “Explosion”

The Business value of data
Integrative view
Technology landscape

BACKGROUND

M. Kezunovié, J. McCalley, T.J. Overbye, “ Smart grids and beyond: Achieving the
Potential of Electricity Systems,” Invited Paper, IEEE Proceedings, Vol.100, Special
Centennial Issue, pp.1329-1341, May 13 2012.
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Customer Channels Customer Service
Partner
Management
Marketing Self-Service & EBPP Customer Order Mgmt

Analytics Operational Functions Fixed Assets /| Construct

Mobile Workforce
Enterprise Analytics Meter Data Management — Asset Management /
Management Work Management
CRM Specific Ee-gagulalad Distribution || Outage :
: g ; Manag&mant Managgmgnt PTG']ECt Portfolio Management
ERP Specific & Billing & Billing
. v SCADA Scheduling Credit & Energy Trading &
Oracle Utilities Specific & Settlement | Collections Risk Management

Corporate Administration

CPM Human Capital Mgmt Facilities Management

Infrastructure

Data Hub Universal Customer Master

Integration Framework (e.g., BPEL)

Technology (e.g., Spatial Database, Application Server, RAC, Oblix, TimesTen, UCM, AutoVue, etc.)
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Integrative view

Data
Technologies

Application
Solutions

Integrating smart,
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future, modern,
perfect, empowered

Business Cases

Copyright 2013 Texas A&M Engineering Experiment Station



Smart Grid 10 IT technologies

Center

* Mobile devices

* Mobile Apps and HTML5

* Personal Cloud

* The Internet of Things

 Hybrid IT and Cloud Computing

* Strategic Big Data

e Actionable Analytics

* Mainstream In-Memory Computing (IMC)
* Integrated Ecosystems

* Enterprise App Stores
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Field
Measurement

Future Electricity Grid
Grid Events
Decision Making Operating States

Resilienc Temporal and Spatial Aspects
“‘ 7 N p p p
Dua ) Data Types
N

DATA PROPERTIES

M. Kezunovié, A. Abur, “Merging the Temporal and Spatial Aspects of Data and
Information for Improved Power System Monitoring Applications,” IEEE Proceedings, Vol.
9, Issue 11, pp 1909-1919, 2005.
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Power flow and State
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Operating States

System and Market Operating States

Market
T Confi ti
ype onfiguration Parameters
Normal PUBISEITE e s
Complete config.
Emereenc All MPs active Parameter(s)
seney Complete config. violate the limits
Restorative Stmcture Within limits
incomplete

*MPs (Market Participants) include generator
companies, transmission owners, load serving entities
and other non-asset owners such as energy traders.
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Temporal Issues

Data with different time perspectives

Present Future

Historical Data Real-time Data Planning Data
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Temporal Issues

Difference between time correlation
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Uses of data: driven by applications

Data Sources Applications
i
Intelligent
SCADA Alarm
s IEDs data PMUs data Other data Processor
format format format
Optimized
PMUs Synchro-phasor Fault
(m;hmimi data format Location
ey COMTRADE Naming
data format Convention
Synchro-
sampling data
format Cascading
1EDs _ Analysis
(non-operational o
data) >

y
o ———— -/ ]
Copyright 2013  Texas A&M Engineering Experiment Station



TEXAS A&M /\ ENGINEERING

Smart Grid

Center

Spatial Issues

Broad (system-wide)

Incaming Sublransmisslon Lines  Electrc power path through substation
=l

United States W
transmission grid | A/
Source: FEMA %;4:
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Sampled data

Synchrophasor Data
Operational/nonoperational data
Big Data

TRANSLATIONAL KNOWLEDGE

M. Kezunovié, “Translational Knowledge: From Collecting Data to Making Decisionsin a
Smart Grid,” /EEE Proceedings, 2011, Vol. 99, No.6, pp. 977-997, June 2011.
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Case studies

Synchronized or

Power System

Optimal Fault unsynchronized Local and system-
: . Network for short
Location phasor or sample  wide .
circuit study
vector

Synchronized or : Petri-Net Logic for
: Substation and
unsynchronized ) cause-effect
system-wide .
phasors representation

Intelligent Alarm
Processing

Inherently

Adaptive Fault  Synchronized
Detection and sample vector
Classification

Power system
Local model for training
pattern clustering

| ——— |
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* Phasor based Methods ot

Use fundamental frequency component of
the signal and lumped parameter model

 Time-domain based Methods

Use transient components of the signal and

o Single end
o Double end

o Synchronized

>_
lumped or distributed parameter model o Unsynchronized
 Traveling wave based Methods

, o Phasors

Use correlation between the forward and
. . o Samples

backward travelling waves along a line or
direct detection of the arrival time )
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Cyber-Physical security
Privacy

Standardization

Testing and certification

IMPLEMENTATION

M. Kezunovic, et al., "Smart Grid Barriers and Critical Success Factors," Chapter on Smart
Grids: Infrastructure, Technology, and Solutions, Stuart Borlase, Editor, CRC Press, 2012
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Chart 2.1 Smart Grid Cyber Security Revenue by Application, World Markets: 2010-2015
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Privacy

Perceptions about privacy and knowledge level about the smart grid
2o § :
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Specification

Procurement

Deployment

Decommissioning

The role of standards
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Interoperability

Layer 8: Economic/Regulatory Policy

Organizational Layer 7: Business Objectives
(Pragmatics)

Layer 6: Business Procedures

Layer 5: Business Context

Informational
(Semantics)
Layer 4: Semantic Understanding
Layer 3: Syntactic Interoperability
Technical Layer 2: Network Interoperability
(Syntax)
Layer 1: Basic Connectivity

o —— ]
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Process: how to certify?
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Smart grid center:

http://smartgridcenter.tamu.edu/sgc/
EV-TEC:
http://ev-tec.org

PSerc:
http://www.pserc.org
ARPA-E:

http://smartgridcenter.tamu.edu/ratc/

Smart Energy Campus Initiative:
http://smartgridcenter.tamu.edu/seci/
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Thank youl!

Mladen Kezunovic
Dept. of Electrical and Computer Engineering,
Texas A&M University
College Station, U.S.A.
kezunov@ece.tamu.edu
http://smartgridcenter.tamu.edu/pscp_kezunovic/
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