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The shape of grids to come?

Conventional electrical grid Energy internet

Centralised power stations generate electricity Many small generating facilities, including those

and distribute it to homes, factories and offices. based en alternative energy sources such as wind
and solar power, are orchestrated using real-time
menitering and control systems.

Offices or hospitals generate their own power
and sell the excess back to the grid. Hydrogen-
powered cars can act as generators when notin
use. Energy-storage technologies smooth out
fluctuations in supply from wind and solar power.

Distributing power generation in this way reduces
transmission losses, operating costs and the
emvironmental impact of overhead power lines.
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I The Energy Independence and Security Act of 2007:

Extracts from Title Xll|

[
The Smart Grid includes:

— Optimizing grid operations and resources to reflect the changing dynamics of
the physical infrastructure and economic markets

— Cybersecurity

— Using and integrating distributed resources, demand side resources, and
energy efficiency resources

— Deploying smart technologies for metering

— Communications of grid operations and status

— Distribution automation

— Integrating "smart” appliances and other consumer devices

— Deploying and integrating advanced electricity storage and peak-shaving
technologies

— Transferring information to consumers in a timely manner to allow control
decisions

— Developing standards for the communication and interoperability of appliances
and equipment connected to the electric grid

— l|dentifying and lowering barriers to adoption of smart grid technologies,
practices. and services



What the Smart Grid Will Do
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Characteristics of the Smart Grid =
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The Modern Grid will have seven key characteristics that benefit consumers, business, uunues aiiu e vl ic
Security:

1. Sdlf-Heals
A self-healing modern grid detects and responds to routine problems and quickly recovers if they occur,
minimizing downtime and financia loss.
2. Motivates and Includes the Consumer
With amodern grid, commercial, industrial and residential energy consumerswill have visibility into prices and
the ability to choose a program and a price that best suits their needs.
3. Resists Attack
Security is built in from the ground up in amodern grid.
4. Provides Power Quality for 21st Century Needs
A modern grid provides electricity free of sags, spikes, disturbances and interruptions. It is suitable to the data
centers, computers, electronics and robotic manufacturing that will power our future economy.
5. Accomodates All Generation and Storage Options
A modern grid alows plug-and-play interconnection to practically any source of power, including renewable
energy sources and storage.
6. Enables Markets
A modern grid supports consistent operation from coast to coast while allowing innovation locally and
regionally.
7. Optimizes Assets and Operates Efficiently
A modern grid allows us to put more power through existing systems, build less new infrastructure and spend
less to operate and maintain the grid.



Technologies of the Smart Grid

Five technology areas are driving the Smart Grid. Many of these technol ogies have been developed and proven in other areas such as
manufacturing and telecommunications.

1. Integrated Communications
Integrated communications connect components to an open architecture for real-time information and control, to allow every part of
the grid to both “talk” and “listen.”
2. Sensing and Measurement
Sensing and measurement technol ogies support faster and more accurate response, such as remote monitoring, time-of-use pricing and
demand-side management.
3. Advanced Components
Advanced components apply the latest research in superconductivity, fault tolerance, storage, power electronics and diagnostics.
4. Advanced Control Methods
Advanced control methods monitor essential components, enabling rapid diagnosis and precise solutions appropriate to any event.
5. Improved Interfaces and Decision Support
Improved interfaces and decision support amplify human decision-making, transforming grid operators and managers into
knowledge workers.




California Energy Policy Dates
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Figure 1: AMI - The first step to a Modern Grid



We Are On Our Way
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The Three Mg or Components
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Smart Grid Configuration

Power Delivery & Customer AMI Back-end T&D Field Devices, Sensors  Distributed
Services Operations 3G Front-end & Comms Equipment Resources

Custarmers

Information
Infrastructure

Physical
frastructure




The Smart Grid Systems
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Renewables Additions to
Cdifornia

Existing California Renewable Generation
and Possible Additions to meet the 20%RPS by 2010~
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*Source of data on additicnal renewable rescurce is from Table 2-2 in the CEC |AP report, published July, 2007



Megawatts

700 |

600

Tehachapi - April 06
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Wind Impacts

= In California, the wind generation energy production tends to be
inversely correlated with the daily load curve. The wind energy
production peaks during the night and falls off during the morning load
pick up. The net result will be morning ramps of 2000 to 4000 MW
per hour for 3 hours — a total of 6000 to 12,000 MW over 3 hours.

Forecasted Hourly Ramps due to Additional Wind Generation
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February 26th

The Electric Reliability Council of Texas (ERCOT) recently released its Operations Report to
explain why it was forced to cut electric supply to interruptible customers on February 26, 2008. The
emergency event was caused largely by the convergence of the normal rapid load growth that occurs
around 6:00 p.m. and a simultaneous unexpected and sudden drop in wind that decreased the power
output from windfarms

ERCOT was primarily relying on day-ahead schedules to judge wind capacity, which predicted 1294
MW. However, only 335 MW were actually available during the relevant hour. To address this
problem, ERCOT stated it would try to adopt in the near term the generation forecasting model it will
use when the market transfers to anodal operating system in 2009, since that model creates more
accurate short term planning values for wind generation.

Managing reliable integration of wind generation is a high priority for ERCOT, since Texas is now
the state with the largest wind energy production in the United States and has almost 3000 MW of
additional wind development with signed interconnection agreements waiting to come online.



CAISO LMP

The new market design will determine prices at all price locations on the grid.
 These prices (LMP) will consist of three (3) components:

— Energy

— Congestion

— Losses

* These prices will be used both in the DA market and the Real Time Market.

Locational Marginal Pricing

Locational
Marginal Pricing

Price ($) at
every node

Nodal



Current Utility Demand Response Programs

Business Energy Coalition - PG& E |nstallation of advanced real-time meter monitoring equipment on site and access to Enjoin5.0, the BEC' s proprietary web-based energy-
management application, allows BEC membersto collect and analyze their electrical usage datain 15 minute intervals. Program members receive an annual incentive payment of
up to $75 per kW of reduction committed. Program participants will be notified of a curtailment event by the BEC on a Day-Ahead or an Hour-Ahead (in case of system
emergency) basis. Curtailment events are limited to five hours. A maximum of five curtailments can be called per month and total of 100 hours can be called during a program
year. The curtailment widow is 12 p.m. to 8 p.m., Monday-Friday, excluding weekends and holidays.

Scheduled L oad Reduction Program - PG& E A commitment to reduce energy usage by at least 15 percent of monthly average or 100 kilowatts (kW) (whichever is greater)
throughout the summer. Flexible time periods, one to three four-hour time periods, Monday through Friday (excluding holidays) June through September. Payment is $0.10 per
kilowatt-hour for committed energy reductions below baseline, which is the average of previous 10-day usage during selected time period.

Agricultural and Pumping Interruptible Program - SCE This program provides lower energy and/or time-related demand charges to customers who are willing to interrupt power
usage at SCE's request. It is offered on a contract basis to eligible agricultural and pumping customers who register 50 kW or greater of maximum demand or have 50 horsepower
or greater of connected load. Interruption events are limited to one event per day, four events per calendar week (defined as Sunday through Saturday), or 25 events per year and
will not exceed 6 hours per day, 40 hours per month, or 150 hours per year.

Automated Demand Response - SCE, PG&E This program enables eligible customers to participate in Demand Response programs by reducing electricity usage during periods of
peak demand without manual intervention. Customers may pre-select their levels of participation and automatically take part in a demand response event, permitting customers
increased flexibility and ease-of-use.

Base Interruptible Program (BIP) - SCE, PG& E, SDG&E The BIP isan interruptible rate designed for customers who have monthly demands greater than 200 kW in any three
months during the preceding 12 months. Customers must commit to reducing at least 15 percent of their maximum demand, which cannot be less than 100 kW. Customers must
select afirm servicelevel. The customer isrequired to reduce its electrical usage to this specified firm service level within 30 minutes of being notified of an interruption event. In
exchange customers receive a monthly credit based on the difference between their average peak period demand for each month and their selected firm service level.

Capacity Bidding Program - SCE, PG& E, SDG& E The Capacity Bidding Program (CBP, formerly Cal-DRP) offers qualified businesses payments for agreeing to reduce load (for
example, lighting, HVAC, escalatorg/el evators, pumps or some manufacturing equipment) when a CBP event is called. Participants make monthly nominations and receive
capacity payments based on the amount of capacity reduction nominated each month, plus energy payments based on their actua kilowatt-hour (kWh) energy use reduction when
an event is called. The amount of capacity reduction can be adjusted on a monthly basis. The program is Internet-based providing ready access to program information and ease of
use for participants.

Critical Peak Pricing (CPP) - SCE, PG& E, SDG&E Ciritical Peak Pricing (CPP) programs are for commercial and industrial customers who can reduce or shift their power in the
summer season from noon to 6:00 p.m. during a CPP event. Energy rates during summer season CPP events are significantly higher than energy rates during summer season non-
CPP events. However, customers on a CPP rate schedul e receive other electricity charge reduction benefitsin return.

Demand Bidding Program (DBP) - SCE, PG& E, SDG& E The Demand Bidding Program is an Internet-based bidding program that offers customers the opportunity to receive bill
credits for voluntarily reducing power without incurring any financial penalties. It requires at least one service account with a demand of 200 kW or greater, you can participate in
the DBP. You may also combine up to 25 service accounts to form an aggregated group.

1-6 L arge Power Interruptible Program - SCE Provides lower energy and time-related demand charges for that portion of power usage a customer iswilling to interrupt when
requested by SCE. This rate is now available only to eligible customers with a minimum of 500 kW who are adding new load, or are new to SCE's service territory. Interruption
events are limited to one event per day, four events per calendar week (defined as Sunday through Saturday), and 25 events per year. An event will not exceed 6 hours, and the total
periods of interruption will not be more than 40 hours per month or 150 hours per year.

Optional Binding Mandatory Curtailment Program (OBMC) - SCE, PG& E The OBMC exempts you from rotating outages in exchange for partial power reductions from your
facility's(ies) entire circuit over alonger period. Specifically, you must reduce power on your entire circuit by up to 15% during the entire duration of every rotating outage event.
Summer Discount Plan - SCE Provides participating residential and business customers a simple way to save money during the summer season (first Sunday in June to the first
Sunday in Octaber). There are several programs with a variety of optionsto choose from that fit your business or lifestyle.

CleanGen - SDG& E Provides low-cost or even free upgrades to your emergency backup generator when it is allowed to be used on hot summer days.

Technical Assistance and Technology Incentives - SCE, PG& E, SDG& E Technical Assistance and Technology Incentives Program provides eligible commercia and industrial
customers technical assistance in the form of demand response site assessments at no charge, and technology incentives for the installation of technologies that reduce electricity
usage during periods of high demand.




AUutoDR

Automated Demand Response (AutoDR)

2003-2006

Pilot Tests

d Proof of concept

d Technology Development
Jd Customer experience

d Impact evaluation

Jd Strategy development

2007-2008

First Stage
Commercialization

Accelerate implementation in
response to CPUC ACR

Expand application beyond
critical peak pricing (CPP) to
other DR options.

Expand deployment to
market-based aggregators
and other non-utility technical
resources

Improve DR performance.

Next Steps

Full

Commercialization

OO

MNational Standards

State standards in DR design /
implementation

Links to Building Code in
Title 24

Compliance — Title 24 Global
Temperature Adjustment

Expansion to small C/l



» EXxpect real time pricing for electricit inthe
(near) future
e AsSess your systems, particularly your
construction/building plans, for impact of time
varying electricity price
— build flexibility into your systems and operation
 Participate in voluntary demand response program

e Waitch out for mandatory demand response
programs.

— Automated demand response = electric utility control of
your system



