GE Energy
Digital Energy

Smart Grid: Definition, Concepts, Standards,
Deployments and Lessons Learned

John McDonald, P.E.

Director, Technical Strategy & Policy Development

|IEEE-SA Board of Governors

|IEEE PES Past President

IEEE Division VII Past Director

|IEEE PES Substations Committee Past Chair
|IEEE Fellow

NIST SGIP Governing Board Chair

CIGRE USNC VP, Technical Activities

May 31, 2012

imagination at work 1




Smart Grid Definition and Concepts



Smart Grid View

The integration of electrical and information infrastructures, and the incorporation of
automation and information technologies with our existing electrical network.

Comprehensive solutions that:
v Improve the utility’s power reliability, operational performance and overall
productivity
v" Deliver increases in energy efficiencies and decreases in carbon emissions
v' Empower consumers to manage their energy usage and save money without
compromising their lifestyle
v Optimize renewable energy integration and enabling broader penetration

That deliver meaningful, measurable
and sustainable benefits to the utility,
the consumer, the economy and the
Environment.

E
Information infrastructure

More Focus on the Distribution System
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A “Smarter” Grid Enobled

Utility Managers

‘New Applications enabled by Additional Infrastructure’

Management oy o fEAR e
“ Applications” “ — By T S
‘Economic Energy Asset Demand De.liverS/
Dispatch Optimization Optimization Optimization Optimization
Control
“How Power Flows”
Gen & Trans Transmission Sensors Dist. Dist. Adv.Metering
Mgt. Automation Mgt. Automation System
Heavy Metal Old Grid
“Generate & Deliver Power” - : 5 i
Thermal Li Sub Dist Voltage  Renewable [ Smart Grid Adds ]
. Generation ines Stations  Equipment Control  Generation
Old Grid Smart Grid
e You call when the power goes out. ﬁjﬁ> Utility knows power is out and usually restores it automatically.

Utility pays whatever it takes to meet peak demand. =~ Utility suppresses demand at peak. Lowers cost. Reduces CAPEX.

Difficult to manage high Wind and Solar penetration ﬁ No problem with higher wind and solar penetration.

Cannot manage distributed generation safely. ﬁ,,} Can manage distributed generation safely.

~10% power loss in T&D ﬁ:ﬁ> Power Loss reduced by 2+%... lowers emissions & customer bills.
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Smart Grid Solutions



Smart Grid Holistic Solutions

Shared Serwces & oppllcatlons

Smart Meter Workforce &
Asset Demand Distribution Transmission Engineering
Optimization Optimization Optimization Optimization Design
Comms Optimization
i | |

Interoperability Framework

Transitioning from products/systems to
holistic solutions
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Smart Meter System

Smart Meter & Communication

Shared Services & applications

Network

Communication Grid Data

Network Management T

System
(NMS)

Metering

Interoperability Framework

Enabling technology for network connectivity, consumer
enablement, demand optimization, and improved grid operations
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Demand Optimization

Demand Optimization

Shared Services & Applications

DR In-Home
Mgmt. Comms. Enabling

Software (ISP)
(DRMS) Technology

Interoperability Framework

Defer grid upgrades, optimize generation by managing peak via
control of power consumption

,—»7\\
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Distribution Optimization

Distribution Optimization

Shared Services & applications

Advance Distribution
Distribution Management
Applications system

Feeder Substation
Automation Automation

Adjacent
Technology

Interoperability Framework

Less energy waste and higher profit margin by reducing delivery
losses in distribution system
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Transmission Optimization

Shoreh Services & Applicl:tions

Substation Grid Adjacent
Management Management Technology

Interoperability Framework

Improve return on assets, enhance electric reliability and raise
situational awareness
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Asset Optimization

Asset Optimization

Shared Services & applications

Intelligent Monitoring & Decision
Sensors Diagnostics Engine

Reduce Capex and risk of failure by proactively monitoring
critical assets to predict problems and prevent failures

,—»7\\
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Workforce & Engr. Design Opt

Shared Services & applications

T&D Workforce & Mobile Comms
Infrastructure Work order Computin Infrastructure
Management Management puting Management

Interoperability Framework

Increase productivity and reduce planning and design costs.
Reduce miles driven and increase field crew productivity.
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Smart Grid Standards
Development and Interoperability



Example: Standards Framework

National Institute of Standards and Technology (NIST)

... Smart Grid Conceptual Reference Model
... Smart Grid Interoperability Panel Organizational Structure

1

Generation (| ™ 8
\W/\‘}nsmbuop,

uuuuu
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Model Build-out for the Customer

~

Customer} , Storage o '} Building /

Services "‘ Commercial @ Buiding
y- ,/ \I:l Automation

! > J - Soler ",

Thermal 3

Distributed /
Wind

___ Co-Generation __,{r

—_— )
ey & o0 —[I\

Gateway
(ESI)
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What Interoperability Standards are Needed?

Standards are needed for each of the interfaces shown to support many different smart
grid applications. Standards are also needed for data networking and cyber security.

Electricity Information - Data Communication

Wholesale Market D p 5 Back Office
Operations 5, & < - l Customer Operations

SEEEEE T G R S R Ry,

VY Wide Area Netwurk

I

=
LA
1 ,l\

-

Metering

e Distributed :

Bulk Power Q Energy Résources !
- - . . - . . I

Generation Transmission Distribution Retail Delivery: :
Operations i Operations |{ Operations ;i Operations /:

= /’ S ‘/' g \\\ ,/’ \\ e L LT, rrrrrrrT ’,
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A Clear Plan to Mobilize and Accelerate

Priority Action Plan Deliverables Resources
i | i |

PAP 02 - Wireless Communications for the Smart Grid
PAP 05 - Standard Meter Data Profiles

PAP 06 - Common Semantic Model for Meter Data Tables
PAP 07 - Electric Storage Interconnection Guidelines
PAP 08 - CIM for Distribution Grid Management

PAP 09 - Standard DR and DER Signals

PAP 10 - Standard Energy Usage Information (TASKING COMPLETE)

PAP 12 - |IEC 61850 Objects/DNP3 Mapping

PAP 13 - Time Synchronization, IEC 61850 Objects/IEEE C37.118
Harmonization

PAP 14 - Transmission and Distribution Power Systems Model
Mapping

PAP 15 - Harmonize Power Line Carrier Standards for Appliance
Communications in the Home

PAP 16 - Wind Plant Communications
PAP 17 - Facility Smart Grid Information Standard

PAP 19 - Wholesale Demand Response Communication Protocol

PAP 20 - Green Button ESPI Evolution

SO0 0 O 0000000
SO0O0 0 O OOOOOOUU
CO0O0 0 O OOCOOOOUE

=Completed PAPs have =0On Target ‘ =Late
been removed from table
Q =Tasking Complete ﬁ =Caution
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Collaboration is critical
Customers/ Academic Trade Technical
Vendors Institutions Associations Standards

sGi? [0

N s »
U

Zipean) AR
CENTRE FOR
C E EUROPEAN

5 P POLICY ot.vuo RESPONSE
M GRID

A STUDIES @ IE E E
*
UTC The ¥oice of Crincal g *

UT'“T'ES Infrastricture Commuanicanons

W @R L D TELECOM

/
ECONOMIC — @f ligBee
FORUM y cigre U siiance
WORLD | . (\
RESOURCES M% DPLU

INSTITUTE

imagination at work
\j 18


http://i2.cdn.turner.com/money/galleries/2008/fortune/0811/gallery.accountability.fortune/images/electricite_de_france.jpg
http://www.somudancasmg.com.br/clientes/cemig_branco.jpg
http://i2.cdn.turner.com/money/galleries/2009/fortune/0910/gallery.china_top_companies.fortune/images/state_grid_co_of_china.gif
http://www.elec2go.com.au/images/energy australia 2.gif
http://www.energycentraljobs.com/seeker/featured_employer.cfm?company_id=1347
http://www.infotech.monash.edu.au/about/news/conferences/icsssm08/image/IEEE large.jpg
http://web.mit.edu/zengli/www/photos/Harvard-logo.jpg
http://www.aidmo.org/beta/images/stories/wef_logo_lrg.jpg
http://www.aidmo.org/beta/images/stories/wef_logo_lrg.jpg
http://libraries.mit.edu/archives/mithistory/seal/mit-seal_400x400.gif
http://www.utilities-me.com/pictures/gallery/Analysis/al-dur.jpg
http://www.cisco.com/en/US/hmpgs/index.html
http://eshop.balkantel.eu/images/manufacturers/Logo-Motorola.jpg

Global Standards Collaboration
I




Smart Grid Recent Deployments
and Lessons Learned



Micro Grid Operation: Bella Coola Example

Naska ’11
\.1 . .
S Microgrid Features:
e &l e Centralized Supervisory control to
p £s optimize the use of renewables and
e g el minimize the use of diesel
Ah Sin Heek Diesel / Energy Storage Site * Wireless local area network
o o e Hydrogen based energy storage
»g,.;.,,.., (;;‘.;— ) Local HMI MI?I‘OgI‘Id Controller system
Sesth States of

e Capability to connect, monitor and
control the system remotely
e Interfaces to all Microgrid elements

Wireless
’ Radio

25 KV Distribution modem /N

Ethernet Switch

“ 0 S

Bella Coola —, Hagensborg
] Storage -
2.1/1.5MW i ’ 33 MWohr 2.6/1.7 MW

Electrolyzer Fuel Cell
300 KW 125 kW 12Battery Support

g 5 kW / 400 kW-hr

Utility Service Vehicle
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AEP Smart Grid Project

Summary

« American Electric Power is one of the largest electric utilities in the United States,
delivering electricity to more than 5 million customers in 11 states

« 36,000 MW of generating capacity; 39K miles of transmission lines, 208K miles of
distribution lines

Drivers
« Enhanced Customer Experience (Customer control, tools to understand usage)
« Operational Efficiencies (Reduce operational costs of the network)
« Energy Efficiency
 Utilize AMI infrastructure for Automation
Status

« Partnership developed to work together toward developing, demonstrating, &
deploying Smart Grid solutions.

o Implement Smart Grid solutions to over 5MM customers by 2015

o Fir:st Smart Grid pilot complete in South Bend, IN. Next city-scale project in planning
phase.

« GE and AEP working as partners to develop most effective Smart Grid
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AEP Project - Solutions Dellvered

Demand Optimization
« Smart meters with AMI

 Time of use pricing

« Home Area Network
« Smart Appliances

Delivery Optimization - g
« Integrated Volt/Var Control 4 _
e Analysis of theoretical and measured results B
e Analysis of financial benefits (MW, MWH, MVAR, and MVARH sovi?gs)
e Smart meters linked to Outage Management System (OMS)

« GENe DMS
« Poweron OMS
o Integration of DMS and OMS

 Leverage AMI for Distribution Automation

Asset Optimization
« Remote transformer monitoring of “at-risk” transformers.
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Maui Smart Grid Project

Develop a Smart Grid controls and communication
architecture capable of coordinating DG, energy storage and
loads to:

e Reduce peak load by 15% relative to loading on the distribution

circuit.
e Mitigate the impacts of short-timescale wind and solar variability

on the grid

._. "', = - a8 - -_'( __‘_* '.,__ ’ -
el ,/". .
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Collaborations & alliances are critical

* $200M smart grid initiative

» ~800-1,000 “green collar” jobs

« Public/pri | ENERGY
PgblclscE/prlvote alliance Smarf

v" City of Miami MIAMI
v FPL

v Cisco

v" Silver Spring Networks

e ~1MM customers involved
Smart Meters

Demand Management
Distribution Automation
Substation Intelligence
Distributed Generation
Enterprise Systems

ANANENENENEN

---------------------------------------------------------------------------------------------------------------------------------------------

i “It's time for action. With projects like Energy Smart Miami, we can stimulate the"g
: economy today and build a brighter, cleaner tomorrow. It's truly a win-win.” :
: Carol Browner

----------------------------------------------------------------------------------------------------------------------------------------------
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Energy smart cities

Miami proposes to lead the nation in energy | e

E0twial | Omer Views | Lamurs | Commmmans | Blage | Samaens

efficiency with $200 million smart grid initiative | - e

Miami: A 'green’ leader

@he MiamiHevald &

Scope and revenue oo e, e ey
* Average city scope ~200k endpoints T L e
e Revenue pool ~$500/endpoint s
e ~20 cities in wave 1 .... New York, Chicago, Detroit, San Francisco, London, Lyons
* Implementation over.2-3 yrs
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Smart Grid Lessons Learned

Technology:
. Chollenge “Hype” versus “Reality”

Utility expectations were that basic SG solutions were “shovel-ready”

* Reality - Component technology was not as mature as advertised
when combined to create a Smart Grid Solution

* In many cases components were field re-engineered or upgraded to
meet objectives and expectations

* Challenge: Integration / Interoperability

» Integrating multiple supplier products to create a SG solution

» Lesson Learned: adopt and insist on standards and open architecture
methodology - drive for plug and play solutions

e Test, Test, Test

« Lesson Learned: Extensive lab testing for “SG Solutions” is mandatory
prior to implementation - understand the capabilities

* Re-do’s are expensive and time consuming!

imagination at work
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Smart Grid Lessons Learned

Implementation & Deployment:

« Challenge: Coordinating multiple suppliers

* Managing equipment, shipments & delivery - pieces and parts along with
assembly required for implementation (e.g., radio, controller, AMI network,
substation equipment with software)

« Coordinating software functionality with multi-supplier hardware and
AMI

« Lesson Learned: Minimize niche suppliers - prefer alliance suppliers with
strong engineering and solution teams

* Challenge: Coordinating multiple internal departments

« Managing Substation and Distribution Engineering, Protection and
Control, Communications and Construction

« Lesson Learned: Engage 1 Project Manager for each Smart Grid solution
with multi-discipline authority

» Prefer packaged solutions from fewer suppliers - minimize the finger-pointing

imagination at work
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Smart Grid Lessons Learned

Project Management:

 Establish Program Management Office
« Multiple Project Managers reporting to the Program Manager

« Adhere to PM guidelines such as Communication, Status Reporting,
Risk Management, etc.

« Build an “A” team with project and technical members - there will
be challenges to collectively solve
» Establish Corporate Steering Committee
« Key status meetings with Utility Executives and Alliance Suppliers
« Escalation and Risk Mitigation in timely manner is critical

 Build Strategic Alliances with Key Suppliers
« Define, Engineer and Build the Smart Grid solutions collectively

 Alliance Supplier provides “On-site” management and technical
support
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Smart Grid Lessons Learned

Change Management:

» Smart Grid solutions involve multiple stakeholders (actors)
 Residential / Commercial customers are now a “Major Stakeholder”

« For example: PCT’s, In-home devices, utility incentivized customer
programs, 2-way communication with the Utility

* Define and develop “Use-Cases” for each component of
Smart Grid

« Use-Cases provide - a scenario description, defines the benefits,
actors, functional requirements, and business rules and
assumptions

 Lesson Learned: Use-cases form the basis for the benefits achieved,

functional requirements, development, and training

« Smart Grid actors require “Significant Training” on the operation
and maintenance of the deployed system (i.e., Operations Center,
Communications, Customer Call Center, Engineering, Field Crews,
etc.)
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Questions ?
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