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How iIs a Smart Grid Created?

Not created all at once — will evolve over many
years

Created through the incremental deployment and
integration of system intelligence

Intelligent systems deployed to meet specific
business and regulatory drivers

Each utility has
— Different starting points
— Different drivers
— Different paths
— Different deployment rates
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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.

More Focus on the Distribution System
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Growing Complexity In Modern Grids...
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A “Smarter” Grid

Enabled
Utility Managers

‘New Applications enabled by Additional Infrastructure’

Management . =3 IR
“ Applications” i = _ By 7 IS T 5B i
i e LR = =00 F | A |
Economic Energy Asset Demand Delivery Ll oY
Dispatch Optimization Optimization Optimization Optimization Enabled
Consumers
Control = M
“How Power Flows”
Gen&Trans  Transmission  Sensors Dist. Dist. Adv.Metering
Mgt. Automation Mgt. Automation System
Heavy Metal Old Grid
“ Generate & Deliver Power” '- " - i
Thermal Li Sub Dist Voltage Renewable [ S EIE A ]
\_ Generation ines Stations  Equipment Control  Generation
0Old Grid Smart Grid
* You call when the power goes out. ﬁfﬁ> Utility knows power is out and usually restores it automatically.

e Utility pays whatever it takes to meet peak demand. ﬁ:ﬁi\» 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.
e Cannot manage distributed generation safely. ﬁ:} Can manage distributed generation safely.

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

Utility Enterprise Applications

Demand Distribution Asset Transmission Wor_kforc_e &
Engineering

Optimization Optimization Optimization Optimization Optimization

Smart Grid
Solutions

- Engineering & Operational Systems
£ 0
S5 Communications Infrastructure
D ©

= Smart Sensors, Controllers and Meters

T&D Infrastructure

Alternative Energy Sources, Storage & PHEVs

Electrical
Infrastructure

Energy Consumer Home Area Network
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The Future Home ...

Photovoltaic £ Dimmable
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panels ?f;.,,’u fluorescent/CFL lighting
Energy star G -n..._
appliance .

Utility demand
side mgt control

ecoDashboard

Plug in hybrid
electric

vehicles Utility

GE SmartMeter
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Elements of Today’s Smart Grid

Offerings Customer Benefits Future Enablers
Grid-Friendly e Controllability: Ramp, curtail... = Stronger tie with utility EMS
Renewables e Reduced uncertainty: forecast < Coordination with DER & loads
Grid Control e Operating efficiency e ‘Ever Green’ Service
Systems e System reliability e Modular applications
Substation e Modular/standard e |EC 61850 Compliant
Digitization e Less cost, time, risk e Open architecture
Intelligent e Performance monitoring e Standards based
Electronics e Control devices e |EC 61850 compliant
Monitoring & e Asset protection e Progressive offering
Diagnostics e Life extension e Long term services
Communications e Performance visibility « Seamless NMS, Security
Infrastructure e Remote control e Multi-applications

Smart e Customer billing e Software upgradeable
Metering e Demand management

Smart Appliances < Participation in DR programs = Standards based

olon & tjome Controls = Utility bill savings e Software upgradeable




Smart Grid Benefits

Operational Efficiency

Integrate distributed
generation

Optimize network design

Enable remote monitoring and
diagnostics

Improve asset and resource
utilization

Customer Satisfaction

Reduce outage frequency and
duration

Improve power quality
Enable customer self-service

Reduce customer energy costs

Kj;} imagination at work

Energy Efficiency

Reduce system and line losses
Enable DSM offerings

Improve load and VAR
management

Comply with state energy
efficiency policies

“Green” Agenda

Reduce GHG emission via DSM
and “peak shaving”

Integrate renewable generating
assets

Comply with Carbon/GHG
legislation

Enable wide adoption of PHEV
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Hurdles to Smart Grid Widespread Adoption

v Lack of comprehensive, long-term and integrated Smart Grid strategies and
roadmaps tied to quantifiable benefits

Substantial capital investment required up front

Regulatory structures that do not fully recognize the benefits of smart grid
technologies (e.g., decoupled rates)

v’ Utility business models that minimize risk and ties returns to electricity

AN

revenue

v Interoperability and the need for faster, more comprehensive development
of standards, including physical and cyber security

v" The need to move away from isolated pilots from “testing” to “phased
deployments” on a larger scale (“city-scale”)

v Availability and capability of smart grid educational tools for policymakers,
regulators and consumers to change thinking and attitude to smart grid
technologies

maogination at work
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Smart Grid Standards
Development

POWERINGPOTENTIAL
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Who Makes Standards, Anyway?

International Standards ( ISO, IEC)

National Standards ( ANSI, NIST, IEEE )

Industry Standards - formalized practice
Industry Practice - informal practice

Proprietary Systems - vendor specific

@ imagination at work
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But the Process is Not Trivial
nertia of existing practices
Proprietary “standards”

De jure (by law) and de facto (in fact or
actually) standards

Defining a vision

ldentifying existing standards to use as
building blocks

Gaining consensus

Hammering out detalls, detalls, detalls,
detalls, detalls.....
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NIST Conceptual Model
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Distribution
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The NIST Role

Energy Independence and Security Act (EISA) of 2007
Title XllI, Section 1305
Smart Grid Interoperability Framework

In cooperation with the Dok, NEMA, IEEE,
GWAC, and other stakeholders, NIST has
“primary responsibility to coordinate
development of a framework that includes
protocols and model standards for
Information management to achieve
Interoperability of smart grid devices and
systems...”
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What Interoperabllity 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.
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We Need A Standards Roadmap
Capabilities
Priorities

Architecture

Standards
Release Plan
Responsibilities
Governance

Conformity (including testing and
certification where appropriate)

.--—.----..,,‘HI
(36 )' imagination at work
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NIST Plan was developed after
listening to key industry concerns

Open, participative process — 80% of electric grid
IS owned and operated by private sector

Utilities recognize need for speed, but want a
systematic, not ad hoc process

Stanc
stanc

Stanc

ard
arg

ara

s should be developed by private sector
s bodies, with NIST coordination

S are necessary but not sufficient —

conformity regime (including testing and
certification where appropriate) is essential

23

23



NIST Three Phase Plan

PHASE 1
Recognize a set of
Initial existing
consensus standards
and develop aroadmap
to fill gaps

PHASE 2
Establish public/private
Standards Panel to provide
ongoing recommendations
for new/revised standards to
be recognized by NIST

PHASE 3
Conformity

Framework
(including Testing and
Certification)

&

2009

2010

arch September

imogination at work
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 SmartGrid

NIST- Recognized Standard Application
Stan d ard S R e I e ase 1 \ O AMI-SEC System Security Advanced metering infrastructure (AMI) and Smart Grid end-to-end

Requirements security
Following the April 28-29
Smart Grid Interoperability
workshop, NIST deemed BACnet ANSI ASHRAE 135-2008/ISO  Building automation
that sufficient consensus 16484-5
has been achieved on 16 DNP3

ANSI C12.19/MC1219 Revenue metering information model

Substation and feeder device automation

initial standards

On May 8, NIST announced

intention to recognize

these standards following
30 day comment period

NIST's announcement

recognized that some of

these standards will
require further

development and many
additional standards will

be needed.

NIST will recognize

additional standards as
consensus is achieved
@ magination at work

IEC 60870-6 / TASE.2

Inter-control center communications

IEC 61850

Substation automation and protection

IEC 61968/61970

Application level energy management system interfaces

IEC 62351 Parts 1-8

Information security for power system control operations

IEEE C37.118

Phasor measurement unit (PMU) communications

IEEE 1547

Physical and electrical interconnections between utility and
distributed generation (DG)

|IEEE 1686-2007

Security for intelligent electronic devices (IEDs)

NERC CIP 002-009

Cyber security standards for the bulk power system

NIST Special Publication (SP) 800-

53, NIST SP 800-82

Cyber security standards and guidelines for federal information
systems, including those for the bulk power system

Open Automated Demand
Response (Open ADR)

Price responsive and direct load control

OpenHAN

Home Area Network device communication, measurement, and
control

ZigBee/HomePlug Smart Energy
Profile

Home Area Network (HAN) Device Communications and Information
Model 25
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IEEE NTDC (New Technology Direction
Committee) Smart Grid Objectives

Organize, coordinate, leverage, and build upon the strength of
IEEE and its Societies for Smart Grid

Requires:

e Awareness through public visibility efforts
e Internal and external IEEE collaboration

e Prompt action

e Facilitate world-wide stakeholder interaction
— Educate, coordinate and package existing products / activities

— Provide new smart grid venues ... through web tools, conferences,
publications, education

— Share best practices, understand regional differences

Results are to increase revenue, membership

@ mogination at work

26



e Volunteer Team Leaders
* |EEE Leaders

. *Matt Loeb, Judy Gorman
HTDE . Steermg *Mary Ward-Callen, Bill Tonti
Smart Grid Committee *Pat Ryan

* Visibility — G. Barth, K.McCabe
* Regulatory — Russ Lefevre
» Guidance — Erich Gunther

Phase | Phase I
Incubation N Publication Interaction | | Education || Standards || Technology
Team Team Team Team s, TCC
M. Shahidehpour S. Rahman TBD C. Adams M. Begovic
. Le.ve.rage Create  Facilitate the e« Tutorials * Road map < Identify new
emstmg + SG journal use of journal,  Speakers * Standards areas
materla!s . SG portal portal, tools bureau developmt ¢ Identify
° F_'”d quick- Blog tools  * Establish new < Plain Talk External groups of
hits « Clearingho conferences e Podcasts coordinatn  mutual
use  Promote e Webinar < Testing Interest
. Glossy conferences, critiera » Highlight
magazine web tools, * Interop. developmts
internally and certification « Recommend

@ . externally new areas
magination at work
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Smart Grid Recent
Deployments

POWERINGPOTENTIAL
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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.

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

- First 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

maogination at work
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AEP Project — Integrated System View

DISpatCh Integration with Business Applications
. Consumers
Adv Aps -
WAMS, IWCI:)FDIR, Elec_trlc
DPA, DR, DER ... Office
. — e AMI Access
EMS ( DMS OMS M&D Mobile NMS |
N\ .
N [~ Map | Backhaul [ | Wireless
I / Comms AMI
Wireless /I\ !
Backhaul — ™™~
Comms @
: Vehicles
Fiber .
Backhaul Substations
Comms
Wireless & Industrial
Local Backhaul T~ Feeders
HMI Comms
| — ' !
A
- | Backhaul ™ Backhaul
Bk bl Staion | | FDIR comms Comms
Comms Controller CvvC | |
Substations smart DNP Ca
; Stati : Recloser ControllcFe)r
ation T & Switches
/ IEDs & I/ Capacitor L ng;hn?gl N - B
DevViCes
Transformer \ Volt Reg | | |
Monitoring & or LTC Substation mn
Diagnostics 4/ Devices L Gen & Backhaul
e Microgrid Storage comms
NRecieetlh Controller Distribution I
Relays Substations Large DNP Volt
T Gen & Distributed Regulator
Storage 4
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AEP Project - Solutions Delivered

Demand Optimization
- Smart meters with AMI
- Time of use pricing
- Home Area Network
- Smart Appliances

Delivery Optimization
- Integrated Volt/Var Control 4‘
e Analysis of theoretical and measured results M

e Analysis of financial benefits (MW, MWH, MVAR, and MVARH savings)
e Smart meters linked to Outage Management System (OMS)

- ENMAC DMS

- Poweron OMS

- Integration of DMS and OMS

- Leverage AMI for Distribution Automation

Asset Optimization

imagination at work

@ - 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

(o i i | e F !‘.._ : -. = {
A e, O
imogination at w .
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Maul - Functional Description

E Standard
Apps:
Network
N Mgmt

FEP
M

SCADA
Outage
C Mgmt
Network
Analysis

Demand Mgmt
eHome Response Estimation
*Shed Capacity Aggregation
eQOperator Decision
eDisaggregation to Nodes
*Home Selection

Trans. level grid support
* |oad-following

« Intermittency management

= Congestion reduction

Volt/Var Control
* Minimize Losses and Control
Voltage profile

» Operating constraints:

e Vmin<Vbus<Vmax

e Minimum number of

switching

e Max tap jumping steps
* Power Flow solver
= L oad Forecasting/Estimation

Deferrable, sheddable
load, actual loads
deferred/shed

Historical data,,
amb temp, cost of

gas/elec, griﬁ
status. Elec. pric

forecast.

On/off
Cap-banks

Home Energy Manager

e Optimal thermostat
Setpoints for all the
thermal zones

e Optimal water tank
temperature setpoint;

 Controlling and
managing loads;

* Providing total
electricity and fuel
Ccosts.

Tap Value

) | TC/VR

energy price

Operator

@ imogination at work

Available ge tiofg load, energy
price, forecafjts oNg the above

MECO EMS

DER Manager

Available generation,
1080 anc %orecasfs, ’ » Optimal Dispatch

kW, kVAR, kWh, time
time
For Substation Bulk
SCastey DGs Storage
Wind plant
Management

* Economic Dispatch
» Unit commitment
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Maul - Project Timeline

magir

-
Program Activities

2009

2010

2011

2012 %

a1loz [aaod

o1]aeloalod

o1]ae|oalaq

at]oe] aalad

Phase | - Fundamental Development of Dispatchable Feeder Technolo

Task 1

Task 2

Task 3

Task 4
Task s

Task 6

Data collection and functional requirements definition,
Deliverable: Report on selected feeder and its functional requirements.

Selection and sizing of distributed energy resources.
Deliverable: Proposed list of DG assefs and their inffial size,

Design controls and communication.
Milestone: Review of conlrols and communication concepts.

Deliverables:
+ Report describing control specification, design, and simulation resuits.

* Report on final communication architecfure,
Detailed design and implementation.

Testing
Deliverable: Report on fest resulis

Project management and reporting.
Milestone: Phase | Final Report.
Deliverables;

* Cuarterly stalus reports on Phase |

* Final Phase [ report

gies (GE).
===

Phase Il -

Demonstration at Maui [HECO/MECO).

Task 7

Task 8

Task 9

Task 10

Build and procure equipment.

Deliverable: List of equipmentservices fo be procured and
the specifications and cosi.

Installation and commissioning.
Deliverable: Report on instalfation and comrissioning procedures.

Testing and demonstration at Maui Lani Substation,
Milestone: Demonsiration at Maui.
Deliverable: Report on test results al Maw Larni.

Project management and reporting.
Milestone: Phase Il Final Report,

Deliverables:
* Site visit and demonstration with DOE and key parficipants

+ Quarterly status reporis on Phase .
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Collaborations & alliances are critical

= $200M smart grid initiative
= ~800-1,000 “green collar” jobs

« Public/private alliance ENERGY
v GE smart
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

AN NE N NN

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

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

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



Energy smart cities

Miami proposes to lead the nation in energy
efficiency with $200 million smart grid initiative

Scope and revenue
e Average city scope ~200k endpoints

@he MiamiHevald &

HOME | NEWS | SPORTS ENTERTAINMENT | BUSINESS | LIVING | OPINION | JOBS | C,

Editorials | Other Views | Letters | Columnists | Blogs | Cartoons

A A | {pRecommend(D] shawa emsl print  commert reprint

= -, ¥ '
Miami: A 'green’ leader
Regarding the April 21 story Green push cowid help save power at home: Congratulations to the city of
Wiamni for being one of the first major U.S. cities to develop a smart grid to reduce energy consumption
Such innovation lays groundwark for 2 green U S, ecanormy.

Installing solar panels, building wind turbines, renovating buildings to make them more en
constructing the Smart Grid are al jobs that can't e outsourced. Moreover, Miarmi
ergy- and water- ing products and s

Wery package made a dow py an acl gyTt
first step. Now Congre: eeds to f H wwwth t g mprel h
i0n to Kindle the gres ecnnnmy upt Lntry an uMamlb kO m

ergy efficient,
is rapidly becorming
5

path to prosperity.

e Revenue pool ~$500/endpoint
e ~20 cities in wave 1 ... New York, Chicago, Detroit, San
e Implementation 0\ 9;:2 -3 yrs
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Francisco, London, Lyons
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DSM

DSM as percent of peak demand

Range Average
1st Decile  21.6% - 11.9% 16.5%
1st Quartile  21.6% - 6.0% 11.5%
(o)
25% Average NA 3.7%

Bottom Quartile NA 0%
20%

15% & Huge

variance

10% in performance

5%

O% (I L D I L D P LD D]

82 utilities with peak demand >= 3000 MW

31 have 0%
Source: DOE EIA 2005




DSM (continued)

Are the traditional utility DSM programs
the best we can come up with?

What HASN'T Changed  What HAS Changed

Outdated regulatory structure * Higher fuel and electricity prices
More efficient appliances

Prugra More efficient buildings
same fof -
] Smart appliances
Market execution Enhanced communications
Smart meters

Internet /home computers

Inexpensive wired and wireless
networks

Cheap chips

Larger homes and emergence
of more energy-consuming
appliances

New tech-savvy generation

Competition blurred
accountability for DSM




