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Legal Notices

* Please observe these Antitrust Compliance Guidelines:

— Do not discuss pricing, production capacity, or cost information
which is not publicly available; confidential market strategies or
business plans; or other competitively sensitive information

— Be accurate, objective, and factual in any discussion of goods and
services offered in the market by others.

— Do not agree with others to discriminate against or refuse to deal
with a supplier; or to do business only on certain terms and
conditions; or to divide markets, or allocate customers

— Do not try to influence or advise others on their business decisions
and do not discuss yours except to the extent that they are already
public
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White Paper — A Smarter Transmission Grid

Contents i
* Introduction
e Need for a Smarter Tx Grid A Smarter Transmission Grid

* Global Smart Grid Initiatives

* Vision of a Smarter Tx Grid

» Technology Pillars

» Key Technologies and Initiatives

* Next Steps / Key Success
Factors

» Achieving the Smarter
Transmission Grid

» Leadership
» References

[Report is publically available — Product ID: 1022305 ]
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Smarter Transmission System
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Smarter Transmission Newsletter

First Edition of the “Smarter
Transmission” newsletter in
final publication stages

Highlights
* WHAT IS SMARTER TRANSMISSION?
« USEFUL INFORMATION
* Recent Publications
* Technology Innovation
* Upcoming Events
 FEATURE ARTICLE

* NASPInet Demo at North American
SynchroPhasor Initiative

© 2011 Electric Power Research Institute, Inc. All rights reserved.
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Smarter Transmission

ABOUT THE NEWELETTER

This is the first edition of the “Smarter Transmission” newsletter. The plan is fo inflormn readers about what's
happening in the smarter transmission system arena on a mmel*hass The intent & to use this newsletier
to updated progress related to topics presented inthe ransmission Grid” white paper issued in
January 2011. The newsletter will nchude a sh on:a"nde on a refevant topic of interest, followed by links o
recently published information about smarter transmission and a feafure article on a timely topic. | appreciate
your comments, suggestions, and confributions. Paul Myrda - Smarter Transmission Coordinator
poyrdagepn.com

WHAT 12 EMARTER TRANEMIZEIONT

Let's start off be defining what is inchuded in Smarter Transmission here at EPRI. Obviousky the IntelfiGrid
program plays a key roll and two project sets in particular are Infrastructure for Intefigent Transmission
Systems - Project Set 1818 and Security |ssues for the Power System Cormmunication, Information, and
Conttrol Infrastructure Project Set 161E. A large portion of the Next Generation Sensors work that s managed
by Andrew Phillips is aiso included sincere sensors play a pivotal roll in understanding “what the grid is doing”
at any point in time. Then the Grid Operations, Grid Planning and Integration of Bulk Variable Generation
included in Programs 32, 40 and 173 respectively. Lagiy:tﬁ'emmlareltkﬁenanwrberdaﬁvﬂﬁ
within Cverhead Transmission. Underground Transmission. Substations and HYDC that fall into this arena
included in Programs 35. 36, 37 and 162 respectvely.

Besides the base program efforts there are supplemental projects such as the Control Center Display of Asset
Health Information, Synchrophasor demonsiration projects such as the recent multi vendor NASPinet demo
using the Smart Grid Substations Lab and Strategic Technology Innovaticn work like Grid Transformation
project that all contribute to the Smarter Transmission =fort.

USEFUL INFORMATION

Recent Publications

“A Smarter Transmission Grid™— White Paper — Produer 1D 1022305

In January 2011 a white paper was issued o help address the question of “What does a smart transmission
look lke?” since many people in the industry felt that the fransmission system was “smart” already.
With guidance from the Transmission Executive Leadership Committes EPRI prepared 3 white paper o
‘Emarter Transmiszon
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NASPInet Demo Participants
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Smart Grid Substation Lab — Featured Project

e NASPInet demonstration

—Full scale testing of
proposed standards

e Testing of new
IEC61850-90-5

— Hardware
— Software

—Wide area
communications

—New “NOOSE” testing  Supports NIST PAP-13
& IEC 61850 TC57

Knoxville Charlotte
(Substation & HQ) (Substation)

Multi-Vendor collaboration

:':El ELECTRIC POWER
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Demo Goals

 Demonstrate interoperable IEC 61850 90-5 based phasor
data exchange over a Wide Area Network (WAN).

 Demonstrate IP Multicast routing of phasor data across
the WAN

e Demonstrate common API support for C37.118 & IEC
61850-90-5

 Demonstrate CIM-based PMU Registry data exchange
using secure web services over a wide area.

:PEI ELECTRIC POWER
RESEARCH INSTITUTE



I Actual Geography Involved

Verizon provided the
communications links
between the sites.

Lenox & Charlotte PMUs R g
signals sent to Knoxville. Tt o </

“M"‘ 3 FF’F«'I fnc.-.wllln La|:|——l
Knoxville simulating J EPRiChajotioLab { 200 Miles
corporate center and x F“”“:'"* 5 *jf*“F’mfﬁ
sending data to Fort R «T8 o 4

Worth.

Local PMU at Fort Worth
also integrated into demo.
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Approach - IEC 61850-90-5

Demonstrate interoperable phasor data exchange over a
WAN

— Integration of PMU data with protection and control
systems

— Facilitate GOOSE packets over WAN

— Integration of PMUs into Substation engineering
environments (PMU logical node)

— Enables Subscription to specific PMU data streams
—90-5 standard version 2 stable

:PEI ELECTRIC POWER
RESEARCH INSTITUTE
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Benefits - IEC 61850-90-5

Demonstrate interoperable phasor data exchange over
WAN

—Increase visibility and reliability of the Power System
— Enable wide area protection and control
— Simplifies substation design engineering
— Reduced telecommunication cost
— Supports secure protocol for Phasor data
* 90-5 key exchange protocol under review in IEC

:‘:EI ELECTRIC POWER
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Network based Publish/Subscribe

No network flooding, simple configuration

Subscribing Subscribing
Subscribing Device Device
Device

Subscribing
Device

=

)
=

Publishing
PMU

Publishing

Publishing PMU

PMU

A, B, and C are PMU streams
| [ [
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Approach - IP Multicast

Routing of phasor data across the Wide Area Network as
opposed to Unicast

— Network based publish and subscribe paradigm for
distributing PMU data

— Source subscription PMU Data via Multicast

— Network Centric approach for PMU data distribution
— Utilizes network protocols for data distribution

— One packet traverses the network (picture)

:’:EI ELECTRIC POWER
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Benefits - IP Multicast

Demonstrate routing of Phasor data across the WAN

— Reduces PMU network complexity

— Can avoid PDC stacking — Enable low latency

— Reduce PMU processing — single source stream

— Unlimited number of receivers for one PMU source
— Reliable data receipt modes available

— Support C37.118 and 61850-90-5 traffic

— Extensive security measures available

:PEI ELECTRIC POWER
RESEARCH INSTITUTE
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GOOSE messages
réCe g0-5 Subscriber P Multicast

I PMU 61850-90-5 over WAN-based IP Multicast
90-5 PMU data | Recelver

EPRI Charlotte
Sub-Station
forwarded to

=< ) Subscriber using

PMU Data

‘ ‘. Xy - Delivered to final
second 90-5 S &
/ Subscriber - : |

@ receives PMU data

EPRI Lenox Subl USing 90-5 over IP .-

. rol Center
Station | Demo IP Multicast
Receiver
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I PMU C37.118 over WAN-based IP Multicast

IP Multicast feeds

EPRI Charlott
Sub-Station

.o
.....
.....
.....
.....
.o
.o

.....
LRI
cee,
LRI
cee,
..
ces

IP Multicast
Receiver

J
v/
1 Additional receiver
requests for feeds

..........

p—— ---IIIIIIIIIIIII-........... :,*
A\
EPRI Lenox Sub- -
Station Control Center % b Multicast

NASPI Demo Receiver
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NASPInet with PDC Stacking

Apps e
:PDC A/ I
PDC Monitoring Center
Utility A
Historian
PMU ~— L0
PMU / I
Apps
Utility B

«Conventional architecture utilizes PDC stacking
eSome architectures may have 2 to 6 PDC’s in series
*PDC stacking causes application latency and limits throughput

=PRI |
kC'I i' TITUTE
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NASPInet w/o PDC Stacking

PMU

PDC+—> Apps «— Historian Utility B
PMU \
PMU ¢— NASPInet —»PDC Apps Monitoring Center
PMU /
Utility A

« Multicast can eliminate PDC Stacking
 PDC Function can be located close to application
 PDC functions can reside in:
» dedicated Servers
» Applications
* Historians
 Routers
EPIS | tstiecs st
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Approach - common API

Support for C37.118 & IEC 61850-90-5

— Simplifies migration of legacy protocols & devices

— Enables integration of Phasor measurement data with
CIM & PMU reqistry



Benefits - common API

Support for C37.118 & IEC 61850-90-5

— Reduced migration cost
— Simultaneous support of both protocols
— Eliminates forklift upgrade

— One environment for model driven application
development

© 2011 Electric Power Research Institute, Inc. All rights reserved. 24



Approach - CIM-based PMU Registry

Data exchange using secure web services over a Wide
Area Network

— CIM - Common Information Model

— Secure exchange of connected power system models
with Phasor data

— Support available for historical data, alarms and events

:‘:EI ELECTRIC POWER
RESEARCH IMNSTITUTE
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Benefits - CIM-based PMU Registry

Data exchange using secure web services over a Wide
Area

— Simplifies registration and subscription of outside
Utilities data

— Enables secure power system model synchronization
between utilities

— Enables coordinated alarm handling across a wide area

— Support for wide area system analysis for event
response

:‘:EI ELECTRIC POWER
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Vendor Applications

Ready to go today!!!

Synchrophasor Data Management

ﬂ Utiliiy A PDC H Uiility B PDC ﬁ 150 PDC h

S== Substation detail
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{ Subatation (440
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Demo Network

OSlsoft CSSP Rack

Instep

C37.118 1 GOOSE L3 (:37 118
Multicast Multicast |p
Control Center LAN Multicast

IEC 61850 GOOSE IP
L3-IP GOOSE Multicast e

SISCO Netbook

SISCO/OSIsoft GE UR+
:_ic-:llslggt())SE UAP with High ¥ g
Converter Speed Phasor Analytics Y \E
And Registry Consumer i E.ANR
GOOSE IP |GOOSE L3 OPC UA Web GOOSE L3 GOOSE L3
Multicast ulticast Services Multicast Multicast

. These WAN
Substation WAN

routing functions

Converter actually supplied
e by a singe router
OOSE L3
F/Iulticast C37-11.8 '
Multicas Substation LAN
GE N60 C37.1181P GOOSE IP  [GOOSE L3 OPC UA Web| | GOOSE L3 OOSE L3
Cisco PMOD Multicast Multicast ulticast Services| | Multicast Multicast
IP Multicaster
SISCO/OSIlsoft
Voltage and Instep EL et UAP Phasor GE N60
currents L3-IP GOOSE G th
Converter ateway wit :
C37.118.1 CIM Based Registry
EPRI Knoxville Unicast from Voltage and
and Lenox Labs SEL 487s currents
SISCO Laptop Simulated C37.118

© 2011 Electric Power Research Institute, Inc. All rights reserved.
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Demo included

e Interoperable IEC 61850 90-5 based phasor data
exchange over a wide area.

[P Multicast routing of phasor data across the WAN

« Common API support for C37.118 & IEC 61850-90-5

* CIM-based PMU Registry data exchange using secure
web services over a wide area.

:PEI ELECTRIC POWER
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Contact Info

* CISCO
Jeffrey Taft

724 272-1436

* GE Digital Energy
Craig Wester

770 729 6368

e OSlsoft
Chuck Wells

(510) 297-5802

 EPRI
Paul Myrda

708-479-5543

© 2011 Electric Power Research Institute, Inc. All rights reserved.

InStep
Anthony Maurer

312 894-7851

SISCO
John Gillerman

7329379745

Space Time Insight
Chinni Ranganath

732.325.5155

Verizon
Alex Meynardi

610.257.3170
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I Tomorrow’s Power System

[
“ ™

X

[ Managing Future Power System Complexity will J
Require a New Grid Operating System

ELECTRIC POWER
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Example Grid 3.0 Architecture

« What information is needed from each node? Community LEN

* What data is needed?
* What sensors are needed? Master

: Controller
» How is data collected and managed?
* Where does computation occur?

Market « What controls are needed?
Operator
Bulk Power :

System Market Distribution What is the

Operator Distribution Management decision
System System hierarchy?
Building LEN
» Optimization algorithms for Master

Controller

reliability, security, stability,
economics, environment, etc.

* Where will forecasting of resource
availability, renewable production
and demand occur?

EPPI2 | e s

© 2011 Electric Power Research Institute, Inc. All rights reserved. 33



Grid Transformation and Possible EPRI

Activities

Manage

future power
grid
complexity

Reduce

Operational
Inefficiency

© 2011 Electric Power Research Institute, Inc. All rights reserved.

Develop the
Requirements

{o]§

Architecture for Smart Grid
with Central Generation,
Local Energy Networks and
Electric Transportation.

“Grid 3.0

A 4

Interactive network of grids
(power, telecom, Internet).

A 4

Develop a comprehensive
geospatial three phase power
system model

A 4

Seamless power system
analytics

Integrated energy
management system

Setting-less protection
method

34

A 4

Revamps system protection

:.:El ELECTRIC POWER
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New Tl Program Strategy and Scope

» 3-4 focused workshops to define and explore technology concepts
suitable to address the Grid Transformation challenges

Promising solutions will be further refined and functional

requirements specified and evaluated against Technology
Readiness Level

— Validation of concepts and prototypes suitable for Tl funding

— Technologies closer to commercial deployment submitted to base and
supplemental programs for funding consideration

TRL 1 TRL 3 HL TN TRL & TREL 8 TRL 9
Exploratory ‘ Concepis g;?ge?:i Subsys o System DE ?,Irg‘_ Diemon- C Gnlf;rg cial Commer-
Resesarch Formulated Validated Walidation 4 Yalidated strafion stration Deployment clalization

Tl Base and Supplemental

C‘:EI ELECTRIC POWER
. . . RESEARCH INSTITUTE
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I Grid Transformation — PDU: TRL Status at
Startup, End-of-Year 2011 & Sector Transition

Project TRL1 TRL2 TRL3 TRL4 TRLS5 TRL6 TRL7 TRLS8 TRL9

Seamless 2011 2014
geospatial three

phasepover | (5
system model

requirements

concept

Seamless power 2011 2014

S s e — | -0 -0
requirements

development

Integrated energy 2011 2014
management

syster coupled | S S - | "

with the above
analytics and grid

measurements
Setting-less 2011
i PDU
protection method — )
‘ = Anticipated Progress Through EOY11 ‘ = Anticipated Progress at Transition Point
EPE' FIFIi"'EIl.' PG\'.-';’_-I:
© 2011 Electric Power Research Institute, Inc. All rights reserved. 36 |




Near Term Grid Transformation Action ltems

 Grid Transformation — White Paper in final stages of
development

 Planning in progress for 3 or 4 Workshops in Fall 2011

— Seamless geospatial three phase power system model
requirements concept

— Seamless power system analytics requirements
development

— Integrated energy management system coupled with
the above analytics and grid measurements

— Setting-less protection method

:PEI ELECTRIC POWER
RESEARCH INSTITUTE
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One of the Key Issues

* As a Director, Transmission Planning and Protection at
recently said

—“Today my staff spends 80% of their time building the
models and 20% analyzing the results. | would prefer
that this be the other way around.”

» Overall issue being addressed

— Operational inefficiency resulting from the fragmented
set of tools and data sources used by planners,
operators and protection engineers in managing their
portion of grid.

RESEARCH IMSTITUTE
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2011 Scope

1. Identify utility industry leaders to form an executive
advisory panel —in progress

2. ldentify a robust set of industry, national lab and
academia partners who will pitch in with this
development — in progress

3. Raise industry awareness that we have undertaken
this effort working with industry & academia experts —
White paper in progress and should be release by
end of May

4. Industry workshops to gether industry input in the
definition and development process — in planning
stages, workshops to be held in the fall of 2011

EPRI |
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I Mark Your Calendar
Upcoming EPRI IntelliGrid Advisory Meeting

EPRI IntelliGrid Advisory Meeting
Meetings Dates: June 1-3, 2011

Electric Power Research Institute
3420 Hillview Ave.
Palo Alto, CA 94304

__|
L

If you are interested in attending please contact Ashley Eldredge,

aeldredge@epri.com.

:PEI ELECTRIC POWER
RESEARCH IMNSTITUTE
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I Mark Your Calendar
Upcoming EPRI PDU Advisory Meetings in 2011

Program Meetings: September 12-14, 2011
Council Meetings: September 14-15, 2011

Westin — Boston Waterfront
425 Summer Street
Boston, MA 02210

http://www.westinbostonwaterfront.com/

EPRI Group Rate: $199

B =g -

e lirkmh‘ﬁfhf rl'i
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IEC 61850 Workshop

The two and half day training and workshop will
focus on the following topics:

 |EC 61850 overview

« Details of the modeling for substation Consolidated Edison
automayon, control gnd.protecn.on Edison Room 19th Floor

« Substation communication architectures 4 Irving Place

» Process bus and merging unit New York, New York 10003

* Engineering process
Wednesday, August 3, 2011 8:00 AM

» Testing and maintenance | Friday, August 5, 2011 12:00 PM
 New features and enhancements in IEC

61850 Edition 2
» Use of IEC 61850 outside the substation
» |[EC 61850 for a Smarter Grid

The workshop will cover the following special topics of interest:
 Utility presentations addressing challenges, issues, lessons-learned and best practices
« EPRI project briefing: "IEC 61850 Testing Guidelines and Utilities Practices"
* Equipment demonstration
» Demonstration of system integration and testing tools
EPIS | tstiecs st
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I EPRI Transmission Operations Workshop Il
July 19-20, 2011 — Houston, TX

The Workshop will include utility speakers who will present
on the key topics listed below:

— Equipment Health Information in Operations

— Power System Data & Model Management

— Synchrophasors and Transmission Sensor Applications
— Compliance Coordination

— Lessons Learned from Recent Extreme Events

{ Save the Date - July 19-20, 2011 — Houston, TX ]

:‘:EI ELECTRIC POWER
RESEARCH IMNSTITUTE
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North American SynchroPhasor Initiative

* North American SynchroPhasor Initiative - Working Group Meeting is
scheduled for June 8-9, 2011 - Toronto Airport Marriott, Toronto
(Mississauga), Ontario, Canada

— This NASPI work group meeting will feature success stories of
synchrophasor technology use by system owners and operators.

— co-located with the NERCs Operations Committee and Planning
Committee meetings (scheduled for June 7-8)

— Planned topics include: End-to-end Testing Your Synchrophasor
System, Oscillation Detection and Mode Meter Tools, PMU Models
and Testing, Operator training panel, Owner-Operator
Synchrophasor Success Stories, PDCs, Data Archiving and
Retrieval.

RESEARCH IMSTITUTE
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IEEE Power System Relaying Committee

The IEEE Power System Relaying Committee (PSRC) will meet in
Asheville, NC on May 16-19, 2011.

— The Role of Protective Relaying in the Smart Grid,

— IEEE 1588 Profile for Power System Applications (PC37.238)
— Synchrophasor Data Transfer for Power Systems

— Considerations for “Aurora” Protection

— Cyber Security for Protection Related Data Files

— C37.118 Power Systems Synchrophasors Standard Harmonization with
IEC 61850

— Guide for Synchronization, Calibration, Testing, and Installation of Phasor
Measurement Units

Many of these activities are driven by the NIST Priority Action Plans
activity.

:‘:EI ELECTRIC POWER
RESEARCH IMNSTITUTE
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Together...Shaping the Future of Electricity
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