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Why look at smart grid
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Headlines
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Environment
* Green House Gas
* Energy Independence
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Legislation

* EPACT 2005
* EISA 2007
* EESA 2008
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Supports the Environment

Enables renewable and clean energy

Enables Vehicle to Grid interface
* Electric Vehicles
* Plug-in hybrid Electric Vehicles

Reduces spinning reserves

Supports alternative energy supplies
* Reduces dependence on foreign oll

Supports customer choice (photovoltaics)
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Power Disturbance Costs

$Billions
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Annual Cost of Power Outages and Quality Disturbances
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O Power Outage

Digital  Continuous Fabrication Other US
Economy Process & Essential Industries
Services Source: Primen Research
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Energy Prices

Summer 2007 Forward
Prices Now Higher Than
2006 Actual Prices

Massachusetts Hub
95.?5!MWh +25%

$75.00MWh +23% $32 75/MWh +30% York City

0/MWh +20%

Southern Califor
$93.35/MWh +29

; LD ((=3
S SR EEN §8.11/MMBtu +21%

Western prices are for 3rd quarter.
Snurces Platts for forward electricity prices for July and August 2007, NYMEX and ICE for gas. All prices effective 5/11.

Forward electricity prices are a straightforward signal of anticipated price pressures this summer. The map
illustrates recent key summer 2007 forward electricity and natural gas prices. In all, markets are signaling
double-digit electricity price increases this summer over last, with natural gas as a clear driver.

- FERC 2007 Market Oversight
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Energy Demand Growth

Total electricity sales are
projected to increase from
3,660 billion KWhr in 2005 to
5,168 billion KWhr in 2030.

The largest increase is in the
commercial sector, as
service industries continue to
drive growth.

Electricity sales are strongly
affected by the rate of
economic growth.

2,500 -

History Projections
2,000 - Commercial
Residential
1,500 -
Industrial
1,000 -
500 -
0
1980 1995 2005 2015 2030
DOE Report, May 2007
-
SOGg

A W Sempra Energy utiity”
——



Increasing Smart Grid Stakeholders

Policy &
Requlation

* FERC
« PUC’s
* NERC
* NARUC

Others

* EPRI

* Financial Firms

* R&D Organizations

Vendors
» Technology
» Services

Government

» Federal Utiliti

« Local *
* Publics
*RTO /1SO

* Power marketers

Advocacy

« EEI

» Rate Payer Groups

* Environmental Groups

Consumers “.
* Industrial 2
e Commercial A g

» Residential




Federal Analysis

DOE’s Modern Grid Initiative
A Vision for the Modern Grid
Characteristics of the Modern Grid R i~ [san -

THE ONLY U.S. NATIONAL LABORATORY DEVOTED TO FOSSIL ENERGY TECHNOLOGY

National Energy Technology Laboratory

Home = Key Issues & Mandates = Critical Infrastructure Assurance = Wodem Gifd NEWS & FEATURES // All =
+ Europesan Smart Grids

The Modern Grid Initiative Mz gl Siais af el it
v Can & hlew Grid
Collaborative Creste Mationsl
Alignment?

Technologies of the Modern Grid
Benefits of the Modern Grid

The Modern Grid Stakeholder
Community

METL's Modern Grid Initiative (MG
seeks to accelerate the modernization
of our nstion's electricity grid. To
accomplizh this, MG iz fostering the
development of & common, national
vision among grid stakeholders. The
inttistive iz also working towsard &
framework that enahles wtilties,
VEMGOrs, CONSUMErs, researchers and + Current Documents
ather stakeholders to form partnerships v The Smart Grid Mewsletter
and overcome hartiers. Finally, MG supports demonstrations of systems of key + The Modern Grid Intistive
technologies that can serve as the foundation for an integrated, modern power w20
orid. » A Yigion for the Modern Grid
v & Svystems View of the
odern Grid v2.0
+ Modern Grid Initiative “ision
UMKy

EVENTS CALENDAR /f 81 =

v Coking Soon!

PUBLICATIONS &
PROJECTS if a1 =

The Challenge of the Gld Grid: America's global competitiveness and guality of
life: depend wpon plertiful, reliable slectric povwer, Consider some of the economic
conzequences of povwer lozses:
+ Powver interruptions and disturbances cost the LS. electricity consumer st
least $79 hilion per year1 [PLE-94KB]
+ A recent rolling blackout caused an estimated $75 milion [FDE-692KB] in losses

in Silicon YValley alone z
+ When the Chicago Bosrd of Trade lost pover for an hour during the summer of
5
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Advocacy to Modernize

GridWise Alliance GridWise vision is new way to think about

how we generate, distribute and use energy
- using advanced communications and up-
to-date information technology, GridWise will
improve coordination between supply and
GRIDWISE demand, and enable a smarter, more
efficient, secure and reliable electric power
system.

GridWise Architecture Assemble ideas & resources to
Council ensure interoperability

Leverage the GridWise

Interoperabllity framework as an

organizing platform -
S0%

A QS’ Sempra Energy utiity”



Standards Create Markets

OpenAMI

e 200+ members

* UtilityAMI
* OpenHAN
* OpenSEC
* AMI-ENT

IEC 61850

Substation Automation
& ICCP-TASE.2

== OpenAMI

= Utility AMI

Advancing
Interoperability

for the Utility Enterprise

Open AMI is a User Community
affiliated with the UCA
International Users Group, a non-
profit organization whose
members are utilities, vendors,
and users of communications for
utility automation.

OpenAMI is represented by a
Technical Subcommittee focused
on OpenAMI issues, working in
coordination with the UCAIUG
Technical Subcommittees
representing the IEC61850 and
CIM users communities.

The UCAIUG's UtilityAMI User
Community provides the "High-
Level Advanced Metering
Infrastructure and Demand
Response System Requirgﬁ?nts
Input & Oversight" to the s
OpenAMI Task Force: & semanerey




OpenSG Organization (Part of IEC WG)

OpenSG
Subcommittee

S —1

UtilityAMI WG OpenAMI WG

1§

Requests for specific technology
development and transfer of use cases
for ongoing support and evolution

OpenHAN TF AMI-Enterprise TF

UtiliSec WG

L

AMI-Sec TF
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Defining the smart grid
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A smart, integrated grid

Detects and fixes emerging problems

Incorporates measurement, diagnostics and feedback
Re-routes power flows

Enables loads and distributed resources

Incorporate advances in IT and communication technologies
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Elements of a Smart Grid
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Characteristics

Self-healing

* A grid able to rapidly detect, analyze, respond and restore from perturbations.

Empower and incorporate the consumer
. Thde ability to incorporate consumer equipment and behavior in the design and operation of the
grid.
Tolerant of attack
* A grid that mitigates and stands resilient to physical and cyber security attacks.
Provides power quality needed by 21st century users
* A grid that provides a quality of power consistent with consumer and industry needs.
Accommodates a wide variety of generation options

* A grid that accommodates a wide variety of local and regional generation technologies
(including green power).

Fully enables maturing electricity markets
* Allows competitive markets for those who want them.

Optimizes assets

* Agrid that uses IT and monitoring to continually optimize its capital assets while minimizing
operations and maintenance costs.
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Technologies

Grid-wide integrated communications
* Internet for the power grid
Sensing, metering, measurement
* Digital two-way communication devices
* Enable generation connect and disconnect
* Enhance operator information
Advanced control capabilities
* Computer based grid monitoring
* Enables dispatch of distributed resource
Advance grid components
* Energy storage
* Distributed generation
Decision Support
* Analytics to guide grid operators
* Semi-autonomous agent software
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Characteristics and Key Technologies

.: high influence O: medium influence O: low influence

Characteristic
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Mutual Influence l
To Key Technology
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Three paths to a smart grid




Vision

Electric grid evolves
* Ubiquitous communications backbone

* Operational technologies

* Information technologies

-
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Three paths to starting a regional smart grid

Organic — business as usual
* Huge capital expenditures as assets retire
* New technologies lead to declining costs

Utility of the future
* Spread costs across several projects

Smart Meter
* Communication infrastructure is key
* Digital electric meters are also sensors

-
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Smart Grid, Meter, Home

O T ]

Smart Meter B
[ HAN




Smart Grid — it's a concept, not a system

Interactive with Consumers and
Markets

Adaptive
Optimized to make best use of
resources

Predictive rather than reactive to
prevent emergencies

Accommodates a variety of generation
options

Integrated

° merging monitoring
* control

* protection

®* maintenance

I*:..Sicure from attack




Smart Meter - It's more than meters, it’s ‘
foundational

Digital Meters

* Data storage

* Calibrated

* Upgradeable Software

* Bi-directional, secure communication

* “near” real-time rates and energy measurement
Remote connect and disconnect
Home Area Network

Designed for distribution automation, distributed
generation, autonomous islanding

Net metering for consumer generation choices

* Hydrogen

* Solar

* Electric vehicles = g
New utility applications — OMS, DMS, GIS, ERP, SOA | Wl M
'Fiber and wireless everywhere — transmission and EY |
“distribution

Blurring the lines between IT and Electric T&D SBGE
J- ) __
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Smart Home - It's consumer choice

Alignment with Renewable Energy, Demand Response & Energy
Efficiency Goals

Infrastructure, tariffs, programs & services
Energy usage measurement protocol

Educate customers about
* Pricing & the time varying nature of the cost of energy
* Actions that can be taken to impact usage & lower energy bills
* The environmental benefits of reducing energy usage & renewable
energy
Requires an Interactive Customer Interface for information &
resources
* A universal platform (open architecture)
* Technology that utilizes smart meter / HAN .
SDGE
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Self Healing Grid

Decentralized
Requires specific field hardware
Localized communication

Limited software and circuit modeling
costs
Pilot project:

* initiated energized October 2007

* installed Summer 2007
* energized Oct 2007

Centralized:
Currently implementing on 4 pilot circuits
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HAN Capabilities with related Device Commissioning &

Program Enrollment

Control Signaling
(e.g., Load Control)

Consumer Specific Signaling
(e.g., Meter Data Access)

Public Price Signaling
(e.g., CPP Event Notification)

-

-

Utility Provided

SCE Proprietary and Confidential
& Copyright 2007, Southern California Edison

Utility and Consumer HAN Interactions ‘

Requeast

Program
Cusho
Enrollment mer
Incentives
Request
Device Interactive
Commissioning (bi-directional
& Registration Consumer trust)
Consumption B a
Load Control 'S
4 5
E
Request® ﬁ
Automated =
Anonymous Public
Access Information M i |
Broadcast Bl dn]

———

*Optional

SCE Proprietary and Confidential
& Copyright 2007, Southern California Edison



Systems view l
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Systems View

The “Systems View” perspective takes a holistic and objective
approach to a subject, including technical, economic, regulatory,
political, and societal aspects.

It includes the complete recognition of the power system as one
iIntegrated machine having many interdependent parts.

It recognizes that solutions can come from a wide and diverse range
of sources.

A “Systems View” also takes account of the full range of costs and
benefits to society associated with the provision of reliable power.
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Renovating Key Operating Systems

'ﬁ't"
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Our Field Processes

Technology

: Work Mgmt System
Foundations Planning/ Scheduling
Real-time Routing
Dispatching

N

Geographic Info System
Asset Mgmt System

Outage Mgmt System* '
Condition Based Maintenance q‘ gy
o s

Customer Analytics
Outbound Dialing
Enhanced Self Service Options
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Sharing Operational Data

Current State — Data IS NOT Easily Visible Across
Operational Units

Future State — Easily Visible Data Across
Operational Units
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How to avoid vendor lock-in and technology ‘
obsolescence
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Levels of Optimization

Management
Processes

Business

Processes

Support Processes

Applications

Infrastructure

Hierarchy of Needs




Enterprise Architecture

A comprehensive set of principles, policies and standards used to
align Information Technology (IT) assets with an organization's
business processes to support the organization's overall strategy.

An enterprise architecture describes and documents current and
future (desired) relationships

Answers basic questions like: What are the organization's
business processes and how is IT enabling them?
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Smart Meter Solution Architecture Context

MV90
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C&I Customers
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Operation Technology Vision with SAP Overlay

SAPR'Capalility. :
- Legend SAF Materials SAP Financials

SAP Partner

Customer
Information

Nor SAP
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Communication network is a corporate strategic ‘
Investment
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Technology Building Blocks

FUTURE

o
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Utility Area Network

WAN

wide area
netw ork

i N\

Backhaul Medium Hau LAN
high capacity data link medium capacity data link local area netw ork home area netw ork
& 3
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Convergence

empra Dispatcher

Switching Center that manages the Media
calls, connections, call security and gatewvay
the overall network interoperability.

[ il

P network provides the
routing & interoperability
Media gateways convert
audio into IP packets
/ Media
al
VolP Metiia gateways convert gateway -
nesvork audio into IP packets fedi
Gateway Medie VHF
gateway \
SDGE
—f£
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Summary: how you too can build a regional smart -‘
grid.
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Easiest Option is using Smart Meters: Foundational

Future Vision: optimize
use of technology to
Improve service to
customers and

FUTURE operational efficiency
Smart
Home
\
/ DG; Self-hea\
storage | Self-sense _
>Smart Grid
_ Central _
Real-t|_me Automated In‘Felllgent
Analytics Operations Dispatch Py

TODAY / Smart Meter \
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High Level Recommendations

|dentify financial benefits and costs
To the business
* Rate Structure
* Carbon Footprint
* Reduced Congestion
* Introduce Distributed Generation
To society — not that easy for a utility
* Reliability
* Power Quality
* Environment
Capital projects
Research & development projects

-
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Possible Next Steps

Advanced metering infrastructure
* Digital electric meters are also “SENSORS”
* Regional communication system
°* Home area network
Operational initiatives
* Outage management system/distribution management system
* Condition based maintenance
Feeder automation system technologies
* Pilots of autonomous, automated switching
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S0%
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QIA

Terry Mohn

Technology Strategist, SDG&E
Vice Chairman, GridWise Alliance
tmohn@semprautilities.com
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