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1. Executive Summary

This a summary of the detailed findings found later in this report. This report contains the load
impact evaluation of PG&E’s SmartAC Program after its second year of operation (2008). The
results provided show that the SmartAC program can reduce air conditioning load during event
periods.

Program Description

PG&E’s SmartAC Program is a direct load control (DLC) program that uses paging signals to
reduce the energy consumption of participants’ air conditioners during times of peak system
demand. The air conditioners are controlled either by a programmable thermostat or a switch
that the Program installs at the participant’s residence or business. The switch employs an
adaptive technology that controls the air conditioner based on prior air conditioning behavior.
Thermostats have the capability to change the indoor temperature settings at which the air
conditioner starts cooling, or to shut down (cycle) the AC units.

The Program first began enlisting customers in spring 2007. The Program began by recruiting
customers in San Joaquin County (the city of Stockton and its surrounding areas), and
eventually expanded to other areas of the PG&E service territory. As of the end of the 2007
cooling season, the program had about 10,000 participants. At the end of the 2008 cooling
season, this had increased to about 79,000. The vast majority are residential customers.

Of the 8,800 participants with an installed device at the time of system peak in 2007, 30 percent
had a programmable thermostat while the remainder had a switch. In 2008, there were about
64,000 customers with installed devices at the time of system peak. Of these, 23 percent were
thermostat customers.

In 2008, as in 2007, the Program was not activated in response to a power emergency’. If it
had been activated, the switches would have employed the adaptive algorithm to reduce air

' The Program was activated twice in 2007 and once in 2008, with the purpose of testing the system.
Those activations were in days that were not very hot, and lasted for a couple hours earlier in the day.
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conditioner use to 50% of that observed on learning days?, and the thermostats would have shut
down the air conditioners 15 minutes out of every half hour®.

Evaluation Goals
The load impact evaluation’s primary goals were to:

o Estimate ex post SmartAC residential demand reduction at the program level, and for
the following groups of interest:

Device type
Load Control Area (LCA)

PG&E climate zone

O O O O

Year of construction

o Estimate ex ante SmartAC residential unit demand reduction, in a way that can be
combined with SmartAC enroliment forecasts developed independently of this
evaluation.

Load Impact Evaluation Methodology

KEMA selected a sample of 578 homes with 670 AC units for the metering sample. The sample
was stratified by the two control technologies, climate zone, size (cooling tons for sites with one
unit, or presence of more than one unit), and home vintage.

Models for AC unit-specific baselines were developed for load and duty cycle, and used to
compare with event day performance.

As in 2007, the 2008 evaluation took place at a time of daily, and substantial, increases in the
number of SmartAC participants. Participation increased from 47 thousand at the time of the
first 2008 SmartAC event in May to 78 thousand at the time of the last one in October. The
weights utilized for the analysis varied accordingly - for each event, they were based on the
composition of the sample and the population on that day.

2 Learning days are days selected by PG&E as appropriate to inform the adaptive algorithm. The switch
records AC usage on these days, and uses it as a reference to reduce usage on event days.

® This is a departure from 2007, when the thermostats generated demand reductions by increasing the
indoor temperature settings.
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The 2008 SmartAC load impact evaluation included nineteen events. Eighteen of these events
were conducted only for the purposes of this evaluation, and affected sample participants only.
One was conducted for the entire population of SmartAC participants, for the purposes of
testing the system.

SmartAC Program Ex Post Load Impact Results

Program impacts per unit at time of the 2008 system peak are illustrated in Figure 1-1. On this
day (July 8), the event took place from hours ending 2 PM through 7 PM. During these hours,
impacts ranged from a low of 0.51 kW in the first hour to a high of 0.91 kW on the hour ending
at 6 PM. The impact at time of system peak was 0.86 kW per device. The hours after the event
indicate a snapback effect of up to 0.46 kW. On the day of the system peak, we estimate that
SmartAC participants experienced an average maximum temperature of almost 107°F.

These per unit estimates translate into an estimated impact of about 55 MW at time of system
peak, if the program had been activated.
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Figure 1-1
SmartAC Peak Day Average Unit Impact Estimates
July 8, 2008

P e N B e
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Other SmartAC Ex Post Load Impact Results

Ex post estimates for other groups of interest were estimated for this study. These are briefly
described below, and in more detail in Section 6.

o Device type. Attime of 2008 system peak, the average impact is estimated to be 0.91
kW for switches and 0.72 kW for thermostats.

o Load Control Area (LCA). This study estimated ex post impacts for three LCAs: Greater
Bay Area (average impact at time of 2008 system peak: 1.01 kW), Greater Fresno (0.68
kW) and Stockton (0.90 kW).
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o PG&E climate zone. This study estimated ex post impacts for the three climate zones

where the program was active in 2008. There is a close correspondence between these
climate zones and the LCAs described above. It is estimated that climate zone R would
have had average impacts of 0.68 kW per AC. Climate zone S, 0.91. And climate zone
X, 0.97 kW.

o Thermostat setback. As mentioned above, had the Program been activated in 2009,
thermostats would have lowered air conditioner load by cycling the unit (turning it off 15
minutes of every half hour.) This study tested the impact of having the thermostats
reduce AC load by increasing indoor temperature 2 degrees the first hour, and 1 degree
each of the second and third hours. This approach produced higher load impacts than
the 50% cycle under certain circumstances. Appendix D includes results from this test
and theoretical discussion regarding the use of this setback strategy. This study
recommends additional research prior to deploying this strategy during an actual power
emergency.

Ex Ante Load Impact Results

Ex post impacts are estimated at the AC unit level. Ex ante load impacts are estimated at the
participant level, by type of device and climate zone. On average, in 2008 there were 1.1 AC
units per SmartAC participant.

These ex ante load impacts were combined with enrollment forecasts estimated in a separate
study to produce a comprehensive SmartAC ex ante picture.

Ex ante results are estimated for two weather conditions: 1-in-2 (a milder weather year that has
the probability of occurring every other year) and 1-in-10 (a very hot year that has the probability
of occurring once every ten years.)

Under 1-in-10 conditions, it is estimated that switches would have system peak impacts ranging
from 0.96 to 1.10 kW per participant, in climate zone R. This translates into impacts of 0.88 to 1
kW per unit*. In contrast, under 1-in-2 conditions, it is estimated that these impacts would be
0.91 to 1.07 kW per participant, or 0.83 to 0.97 kW per unit®. Details regarding other

* 1-in-10 peak is in July for climate zone R (discussed here) and in June for climate zone S.
® 1-in-2 peak is in August for climate zones R and S (discussed here) and in September for climate zone
X.
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combinations of device, climate zone, and weather conditions are available in Section 6 and in
the ex ante electronic appendix.

Recommendations

In the last section of this report, we make recommendations for Program and future Study
improvements.

Our Program recommendations do not address potential changes to the Program’s tariff (for
example, increasing the percent of cycling) or to its deployment plans (for example, combining
or not with other demand response programs offered by PG&E.) This does not imply that such
strategies are not effective. Rather, we focus attention on improvements that can be made
within the existing tariff rules, based on findings from this study.

Our recommended Program improvements are the following:

o Explore ways to increase the adaptive behavior of switches. This evaluation
demonstrated that the adaptive algorithm is effective at increasing load impacts
compared to a non-adaptive algorithm. It also produced evidence that the adaptive
switch performance is roughly midway between that of “ideal” adaptive control and fixed
50% non-adaptive control. We recommend that PG&E explore ways to bring the
adaptive switch performance closer to 50% of uncontrolled load.

e Expect air conditioner usage, and the corresponding load impacts, to decrease as a
result of the economic downturn. It is very possible that the economic downturn is
affecting, and will continue to affect, air conditioner use, lowering Program impacts.

¢ Continue investigation and reduction of no-response devices. PG&E is actively
investigating areas of the service territory that experienced higher than expected rates of
no event response in 2008. These improvements will result in an increase of ex post
load impacts in future years.

Our recommended Study improvements are the following:

e Consider utilizing an alternating comparison group in the M&V sample. Future M&V
efforts based on end-use interval data should consider controlling only half the sample
during each event. The controlled half would alternate for successive events. This
approach has the following advantages: it allows more events under different conditions,
but with less burden on any one customer; it provides more non-event hot days for
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defining reference load under peak conditions; it offers a "comparison group" for
assessing the accuracy of projected load for controlled customers for each event. The
downside to this approach is reduced statistical precision, resulting from smaller sample
sizes for ex post impact estimation. Alternatively, increased costs would be incurred to
support from larger sample sizes that can accommodate a comparison group without
losing target precision. Note that ex ante impacts, which are based primarily on the
models of uncontrolled load, would not lose precision compared to the current approach.

e Explore the decrease in air conditioner usage and its corresponding load impacts as a
result of the economic downturn. As noted above, it is possible that the economic
downturn is affecting air conditioner use, and lowering load impacts. This effect can be
explored and quantified utilizing a combination of billing data, weather data, and the
interval data collected during 2007 and 2008.

¢ Incorporate control device log data in the M&V analysis. The control devices utilized in
the SmartAC program can store up to 90 days of information regarding run time and in
the case of thermostats, temperature set points. This data can provide a rich source of
information regarding air conditioning behavior that can complement the interval data
collected for this purpose.

¢ Investigate potential changes in behavior of Program participants that have been cycled
frequently, and quantify its effects. Frequent load control, such as was applied to the
SmartAC M&V sample participants in 2007 and 2008, has the potential to affect
customer behavior over time. After two years of data collection it is possible to
investigate whether customers in their second year of frequent program cycling have
adopted compensating techniques, such as pre-cooling.
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2. Introduction

This report corresponds to the second year (2008) of the SmartAC program. A similar study,
addressing the much smaller group of first-year (2007) program participants, was published in
2008.

2.1 Evaluation Scope

Year 2008 is the second program year of the SmartAC operation and its respective load impact
evaluation. The California Demand Response Protocols® (“the Protocols”) were implemented in
2008, which resulted in changes to the reporting requirement of the second year’s evaluation.
The 2008 evaluation’s objectives are to:

o Estimate the Program’s ex post load impacts for the following groups of interest:

—  Overall

— Load Control Area (LCA)
- PGA&E climate zone

— Year of construction

— Square footage

o Estimate the Program’s ex ante per-participants load impacts in a way that is consistent
with the SmartAC enrollment forecast developed independently of this evaluation

o Assess the effects of opt-outs, signal/device failure, attrition, and snapback
o Measure the difference between two different thermostat control approaches

As in the first year, there was not enough opt-out (event override) behavior or attrition to model
the effect of these important drivers of demand reduction. These issues will be revisited as the
program continues to grow.

® Load Impact Estimation for Demand Response: Protocols and Regulatory Guidance. California Public
Utilities Commission. Energy Division. April, 2008.
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2.2 Report Organization

This report includes the following sections:

1.

2.

~

Executive Summary
Introduction and Evaluation Scope

Program Description and Goals. This section provides an introductory account of the
Program’s characteristics, growth, and enroliment and load impact goals.

Sample Design and Data Utilized in this Evaluation. The sample design section contains a
detailed description of the sample stratification employed in this study, a
summary of the sample utilized in 2007, and details of the sample utilized in
2008. The data section describes in detail the main data sources for this
evaluation: program enrollment, weather, and end use interval load data.

Load Impact Estimation Methodology. This section presents the models and equations
utilized to estimate ex post and ex ante impacts, and the equations utilized to
estimate statistical measures for the ex post model.

Study Findings. Includes the validity assessment of the study findings, ex post and ex ante
estimated impacts, and measures to assess their statistical precision.

Recommendations. Includes discussion regarding suggested program improvements and
future study improvements.

In addition, the Appendices include the following:

Appendix A. SmartAC Residential Tariff. The residential SmartAC tariff approved by the

CPUC, effective March 1, 2008.

Appendix B. SmartAC Weather Analysis for M&V Events. Describes the analysis of prior

years’ weather and how it was used to develop rules to schedule M&V events
based on weather forecasts supplied by PG&E’s Meteorology department.

Appendix C. No Response Analysis. Describes this study’s findings regarding devices that

did not produce load impacts during M&V events.
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Appendix D. Thermostat Ramp Vs 50% Straight Cycle Comparison. Describes ex post results
that indicate that a thermostat ramp (increase in indoor temperature) is more
effective than a 50% cycling strategy in certain circumstances, and explores
theoretically that such improved performance may not hold at higher
temperatures.

Appendix E.  SmartAC 2008 System Peak Ex Post Estimates by AC Unit (kW). Includes
detailed load impact estimates tables by device type, load control area, climate
zone, year of construction, and square footage.

Appendix F.  SmartAC 2008 System Peak Ex Post Population Estimates (MW). Includes
detailed load impact estimates tables by device type, load control area, climate
zone, year of construction, and square footage.
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3. SmartAC Program Description and Goals

3.1 Description of the SmartAC Program

SmartAC is Pacific Gas & Electric’s residential and small commercial” air conditioning direct
load control program.

At this time, the SmartAC program has a very low commercial enrollment — less than 0.50% of
all program participants are non-residential accounts®. Commercial participants are excluded
from this evaluation.

The program uses paging signals and control technologies to limit air conditioner usage during
program events. Actual program events will be triggered by California Independent System
Operator (CAISO) reliability requirements®.

The SmartAC Program first began enlisting customers in the spring of 2007. As of the end of
August, 2007 the program had approximately 8,800 participants'®. By January, 2008 there were
26,000 participants with installed devices, and by the end of the summer in 2008 the number
increased to about 87,000.

The Program began by recruiting customers in San Joaquin County -the city of Stockton and its
surrounding areas- early in 2007, and expanded to other areas of the PG&E service territory
late in 2007 and in 2008. This evaluation includes the Greater Bay Area, Greater Fresno, and
Stockton — the areas that grouped most of the Program’s participants in 2008.

PG&E manages the marketing efforts, initiates the control events, and manages the overall
program. An implementation vendor handles the dedicated Program hotline, enrolls customers,
schedules installation appointments, and installs the control devices. A technology vendor

7 Small Commercial customers are defined as having demands of less than 200 kW.

® Based on installed program participants as of November 21, 2008.

® To date, PG&E has conducted three program-wide events, two in 2007 and one in 2008, for the purpose
of testing their SmartAC systems. There have been no program-wide events triggered by system
reliability needs.

10 Throughout this report, “participant” refers to a PG&E customer with one or more installed devices.
These counts explicitly exclude customers that have signed up for the Program but do not have an
installed device yet.

Pacific Gas & Electric SmartAC™ 3-4
2008 Residential Load Impact Evaluation March 31, 2009



manufactures the control devices and manages the system that makes the control events
possible.

The Smart AC Program pays all participants a one-time $25 “thank you” payment. Participants
can opt-out (override) a Program event by calling the hot line or accessing their device through
the internet.

The Program’s regulatory background, design, deployment plans, cost-benefit analysis, savings
assumptions, enrollment forecasts, measurement and verification plans, cost recovery proposal,
and other program information are described in detail in PG&E’s Air Conditioning Direct Load
Control Program. Prepared Testimony. Public Version. April, 2007 (“the testimony”). This
section presents key information from the testimony to frame the load impact analysis. The
reader is referred to the testimony for details not presented in this document.

The testimony describes the SmartAC program as follows:

[...] a voluntary Air Conditioning (AC) Program in which customers allow PG&E to install a
device at their premise that can temporarily reduce the electrical demand of their AC unit through
remote activation. The program seeks to deliver reliable demand reduction while maintaining a
high level of customer satisfaction. The program is designed to create minimal discomfort for the
customer to minimize customer attrition.

The AC program will serve as a reliability resource to PG&E and the California Independent
System Operator (CAISO). The program is intended to be utilized in emergency or near
emergency situations. Program activation may occur in anticipation of or during a Stage 2
emergency. The CAISO will be able to include the estimated load reduction in reserve
calculations when determining the need for a Stage 2 emergency and therefore the program may
help the CAISO avoid a stage 2 emergency. The AC program is intended to help maintain service
reliability to all PG&E customers, defer construction of additional peaking units, and reduce
environmental pollutants. Activation of these devices can help reduce the overall cost of power to
all electric customers and may also reduce a participant’s monthly power costs, particularly those
on time-differentiated rate schedules.

The key components of the SmartAC program are presented in Table 3-1.
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Table 3-1
Key Components of the SmartAC Program

Line No. Program Component Residential Customer Small C&l Customer
1 Technology offered Switch and PCT Switch and PCT
2 Number of events(a) Emergency Only — up to Emergency Only — up to
100 hours 100 hours
3 Maximum hours per event 6 6
4  Cycling frequency for 50% 33%
switches
5 Maximum temperature 4°F 4°F
adjustment for PCTs
6 Penalties for opting out of None None
event
7 Program incentives $25-$50 plus $25-$100 plus
appreciation bonuses appreciation bonuses
(a) Participants electing the CPP option of the program will have load reductions up to 15 times
per year consistent with CPP’s SmartRate™ requirements.

Source: Table 1-1: “Key Components of the AC Program.” Pacific Gas and Electric Company’s Air
Conditioning Direct Load Control Program Prepared Testimony. Public Version. April 6, 2007.

3.2 Summary of SmartAC Goals

PG&E has the goal of expanding SmartAC to include 400,000 customers that can provide 300
MW of load relief by 2010. The testimony reads:

PG&E proposes a market penetration of approximately 28 percent of the customer AC
population, or approximately 400,000 customers, which equates to roughly 300 megawatts (MW)
of DR by 2010. The penetration rate is consistent with fully developed and marketed programs in
other parts of the country. PG&E will focus its enrollment efforts in hot climate zones. The AC
program will be maintained through at least 2020 through the enrollment of approximately 28,000
new customers per year to accommodate any attrition that has taken place over the previous
year(s).[5]

[5] Assumes a 7 percent attrition rate. This figure is comprised of a 5 percent loss due to
customers moving and a 2 percent loss due to customer drop-out

The overall savings estimates are based on the following per capita assumptions:
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Table 3-2
SmartAC Savings Assumptions

PCT Impact (kW) Switch Impact (kW) 50%
Line AC Size With 4 Degree Set Cycling Residential 35%
No.  Customer Segment (tons) Back Cycling C&l
1 Residential 4 1.10 1.10
2 C&l Below 20 kW 4 0.88 1.12
3 C&l 20-200 kW 7 1.54 1.96

Source: Table 4-3: “Average Hourly Event Demand Savings Assumptions per Enrolled Customer for
PG&E’s AC program prior to adjustments for Attrition, Equipment Operation, and CPP Program
Participation.” Pacific Gas and Electric Company’s Air Conditioning Direct Load Control Program
Prepared Testimony. Public Version. April 6, 2007.

3.3 SmartAC Tariffs

The key elements of the SmartAC tariff (eligible participants, cycling parameters, and number of
annual event-hours) are presented in Table 3-1, above.

The full text of the residential SmartAC tariff is presented in Appendix A.
3.4 Technology Options

The Program offers two types of devices: adaptive switch, and programmable thermostat.

For most of 2007, program participants were exposed to information regarding both
technologies, and allowed to select one of the devices. Subsequently, PG&E changed its
marketing approach to offer only one device type at a time, and offer the second device type
only if there was no response to the first one. It is possible that the choice of technology may be
a proxy for behavioral differences that are not accounted for in this evaluation.

The thermostats and switches used by the PG&E SmartAC program share only basic
similarities. Both technologies use one-way communication capabilities to remotely control
usage at the AC unit. Each technology can be communicated with via a paging device and
activated and de-activated for a program event. Neither the switches nor the thermostats have
two-way communication capabilities.

Beyond these basic similarities, each device type offers a different array of characteristics. The
thermostat option offered by the program replaces a participant’s existing thermostat(s) with a
programmable thermostat which is advertised as a $200 device. The programmable thermostat
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provides the participant the additional functionality of web-based access to remotely change the
home AC settings. Installation of the thermostat requires an indoor visit by a technician.

The switch technology offered by the SmartAC program is installed at the AC unit. The
installation of the switch generally does not require an indoor visit. The switch provides the
participants no additional functionality. The switch may be effectively invisible to the participant.

The different features of these two control technologies give PG&E flexibility in their marketing
efforts. Participants may be motivated by monetary value and functionality (thermostat) or
privacy and invisibility (switch). A choice of control technologies allows PG&E to cater to a
wider range of potential participants.

341 Control Mechanism

Thermostats and switches control AC usage in different ways. In general, switches control AC
unit compressor run-time while thermostats control indoor temperature.

3411 Switches

Switches directly control operation of the AC compressor. Old-design switches, described
elsewhere in this document as “legacy” switches, control AC usage by limiting potential
compressor run-time or duty cycle to a maximum amount during a time period. The duty cycle
is the compressor run-time as a fraction of the total time period of interest. For a 50% control
level, for instance, the unit will only be able to run a maximum of half of the time, i.e. maximum
50% duty cycle. Most commonly, programs with 50 percent control level limit run-time to 15
minutes per half hour (50% * 30 min = 15 minutes of control). All avoided run-time above 15
minutes per half hour represents load reduction. This could amount to 15 minutes of impact per
half an hour if the unit would have been running full time. Load reduction will be less if the unit
would have been running less than full time. A unit running at only 50 percent duty cycle or less
without control, however, will adjust to the schedule enforced by the switch but will provide
essentially no load reduction for the program.

The program-level effectiveness of traditional switches is limited by AC units that are not to
running full time. Oversized units and mild weather both cause “natural”, un-controlled run-times
to be less than full time, thus lowering the avoided run-time. Oversizing, in particular, is an
issue that undermines load reduction even under the extreme conditions that motivate a DLC
program event. This limitation to the effectiveness of traditional switches has led to a new
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generation of adaptive switches designed to adjust to the natural duty cycle of the AC unit. The
PG&E SmartAC Program uses Cannon’s TrueCycle technology adaptive switch.

The adaptive switches address the traditional switch limitation by “learning” the run-time
behavior of the unit. The program administrator or system operator chooses learning days that
have the characteristics of potential event days. The switches apply a proprietary algorithm to
the observed amount of run-time on these learning days, in order to estimate expected run-time.
The switches use this expected run-time to determine a more appropriate control level.

The success of the adaptive switch in overcoming the limitations of the traditional switch relies
on the estimate of expected duty cycle. At the beginning of the cooling season, or any time the
calculation process fails for a unit, the default “expected” estimate of duty cycle for any hour is
100 percent. Under these default conditions, the TrueCycle switch control is identical to that of
the traditional switch. As learning days are identified, an average duty cycle is calculated that
includes the observed duty cycle from the learning day. PG&E’s technology vendor indicates
that they generally use a weight of one eighth for a single learning day. If fewer than eight
learning days have been identified then the remaining days included in the mean calculation are
assumed to be at the default of 100 percent. Using this approach a rolling estimate of expected
duty cycle for each hour is maintained for each AC unit. These estimates are supposed to
represent expected duty cycle under the extreme conditions likely for program event days. This
vendor also indicates that the expected duty cycle may be adjusted to pre-event duty cycle
levels".

The TrueCycle adaptive technology has a number of implications for the estimation of load
impacts. Most importantly, traditional switch performance is the lower bound for the adaptive
switches. That is, the smallest reduction would be obtained if the natural duty cycle is estimated
to be 100%, so that the run-time is controlled to 50% duty cycle, just as for a traditional 50%
cycling switch. If the natural duty cycle estimate is anything lower than 100%, the run-time will
be controlled to a lower level, so that the load reduction will be greater. Thus, the adaptive load
reduction can only improve on that offered by the traditional switches. In this respect, the
TrueCycle technology has the potential to address the limitations of traditional switches with
essentially no risk of decreasing load reduction.

Finally, it is important to reiterate two switch characteristics in the context of the discussion of
the effectiveness of load reduction. Switches are essentially invisible to the participant. A light
on the switch indicates control mode, but few participants will notice this as the switch is

" The mechanics of the adjustment to pre-event duty cycle levels were not provided.
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installed at the AC unit. Furthermore, as the switch is designed to provide regular periods of
control, it also provides regular periods of cooling. The operating characteristics of the switch
technology facilitate the “invisibility” of the process even under event conditions.

On the other hand, switches do not directly control indoor temperature. The increase of indoor
temperatures will be a function of the controlled unit run-time, outdoor temperature, and premise
and household characteristics. Across participants, the range of indoor temperature increase
will vary.

3.4.1.2 Thermostats

A programmable thermostat directly controls indoor temperature. When activated to event
mode, the thermostat increases the temperature level at which the AC unit starts cooling. The
unit may turn off if already in cooling mode. If the unit is already off, it may remain off for a
longer period so as to allow the thermostat to reach the new, higher set-point temperature.
Using the thermostat set-point as the focus of control puts the premium on controlling the
increase in indoor temperatures. No participant experiences an indoor temperature increase
greater than the set-point change. In theory, increasing the thermostat set-point provides a
consistent change in comfort level across the participating population regardless of house and
AC unit characteristics.

As indicated, the direct control of thermostat set-point has an indirect effect on AC energy
usage. How an AC unit responds to the set-point increase will be a function of the pre-event
cooling regime, the cycling schedule of the AC unit, house-specific characteristics affecting the
rate of indoor heat gain, and the amount of set-point increase. The most common scenario
involves the AC unit turning off (or staying off) until the indoor temperature reaches the level of
the higher set-point. For this period, while the house warms to the new set-point equilibrium,
program-related savings are 100 percent of the pre-program usage. Once the new equilibrium
is reached, the AC unit returns to cycling behavior necessary to maintain cooling at this higher
set-point. As AC usage is a function of the indoor-outdoor temperature difference, usage at the
new set-point will be reduced relative to pre-event usage levels. However, compared to the
interim period of readjustment, the energy usage at this new equilibrium temperature will be
greater.

In some cases, the thermostat re-set process has an additional complication, which occurs
when the uncontrolled set-point varies over the duration of the control period. In such
situations, the revised set-point is set at a fixed level across the control period; that level is
calculated by adding the re-set amount to the lowest set-point during the event period. Since

Pacific Gas & Electric SmartAC™ 3-10
2008 Residential Load Impact Evaluation March 31, 2009



the thermostat cannot determine a separate setback for each of the thermostat’s settings, it
does this to comply with the SmartAC tariff, which requires that PG&E setback the thermostat 4
degrees or less. Assume for example that the uncontrolled set-point was set at 80 degrees F
until 5 pm, and 75 degrees from 5 pm onward. An event starting at 3 pm, that calls for a 4
degree setback, would change this thermostat’s setting to 79 degrees across the entire control
period, while the occupant-defined setting is 80 degrees. Assuming the day is hot enough that
cooling would be required to bring the house to the revised daytime set-point, the thermostat re-
set generates negative load impacts (increased usage) by cooling the house to a lower
temperature than if it had been left uncontrolled. The potential for negative load impacts if the
natural set-point varies over the control period applies to both ramped and single-reset
strategies.

In 2007, the SmartAC program chose to use a ramping strategy for program thermostat
participants in the event of full program activations. Once the program was deployed the
ultimate strategy chosen imposed an increase of 1°F at the beginning of the first, third, and fifth
hours of the event'?.

Seeking to improve thermostat impacts that were lower than expected in 2007, in 2008 the
SmartAC program changed its program-wide thermostat control strategy to legacy switch-style
cycling. The program’s thermostats do not have adaptive cycling capabilities, but can be
operated as a 50% non-adaptive control'.

'2 The 2007 report refers to this strategy as the “gradual” strategy. For the purpose of testing the ramping
strategy concept, PG&E identified a second, more aggressive ramping strategy to be tested only on the
M&V sample which was referred to as the “steep” strategy. The steep strategy increased the set-point
1°F at the beginning of each of the first four hours.

'3 In 2008, the M&V sample tested a third set-point control strategy, referred to as the “2-1-1 ramp.” The
2-1-1 ramp increased the set-point 2°F at the beginning of the first four hour, and 1°F each at the
beginning of the second and third hours.
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4, Sample Design and Data Utilized in this Evaluation

4.1 Sample Design

This section presents an overview of the 2007 SmartAC end-use metering sample, and a
detailed description of the corresponding 2008 sample.

The original specifications for this study called to have the same sample participants in 2007
and 2008. In 2008, the project’s scope was augmented to address the rapid growth of the
program, include the new geographic areas to which the program expanded, and address new
requirements imposed by the Protocols and the Settlement Agreement of December 18, 2007
(approved in February, 2008) regarding PG&E’s Application for Direct Load Control programs
2008-2020™ (“the Settlement Agreement”). The new scope included re-recruiting as many of the
2007 sample participants as possible, and supplementing this repeat sample with sample sites
in other areas and strata as necessary.

41.1 2007 Sample

The 2007 sample was stratified by type of device (PCT or switch), total number of cooling tons
from all units (less than four, or four or more), and multiple units (yes or no). The sample design,
design sample sizes, and installed sample sizes are presented in Table 4-1.

The 2007 sample consisted of 297 program participants (146 PCTs and 151 switches),
amounting to 352 air conditioning units.

" Application No. 07-04-009 of Pacific Gas And Electric Company (U 39-E) for Approval of 2008-2020
Conditioning Direct Load Control Program. Settlement Agreement Between and Among Pacific Gas and
Electric Company, The Division of Ratepayer Advocates and The Utility Reform Network. December 18,
2007.
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Table 4-1
2007 SmartAC Sample Design

Program

Total Tons | Multiple AC | Participants Design Number of | Number of
Type Of From All units on site as of Design Number of Metered Metered AC

Stratum Device Units (1=Yes) 06/11/2007 | Sample Size Loggers Homes Units
1 PCT <4 0 483 93 93 88 90
2 PCT <4 1 6 3] 6 2 4
3 PCT >=4 0 148 37 37 39 39
4 PCT >=4 1 34 17 34 17 37
5 Switch <4 0 1,404 77 77 72 73
6 Switch <4 1 21 ) 10 5 10
7 Switch >=4 0 637 54 54 53 53
8 Switch >=4 1 123 17 34 21 46
Totals 2,856 303 345 297 352

After sample attrition and data cleaning, there were 254 homes with 297 loggers available for
analysis. Details of the 2007 sample are available in the 2007 Final Report™.

4.1.2 2008 Sample

In 2008, Pacific Gas & Electric expanded the measurement and verification work conducted for
the SmartAC program in accordance with the Settlement Agreement, with the following
specifications:

- Load data collection that will produce estimates at the 90% confidence, 10% precision
(“90/10”) at the program level, at time of system peak.

- Stratification by climate zone and home vintage, with the purpose of generating load
impact estimates by these categories.

Based on the results obtained in the 2007 study, KEMA determined that a sample of about 520
sites, including 690 air conditioning units, would provide 90/10 precision at the program level.

As in 2007, sampling was conducted at the participating premise level. For premises with
multiple AC units, all participating units were metered. During the 2007 project initiation meeting,
it was discussed that PG&E was particularly interested in residences with 4 tons of cooling or
more. Savings per unit and override behavior are likely to be different when there are multiple
units in a home. Considering this, the 2008 sample design stratifies by device type (Switch vs.

> KEMA, Inc. Final Report - Pacific Gas and Electric SmartAC Load Impact Evaluation. Program Year
2007. Available at www.calmac.org (CALMAC Report |[d PGE0262.02)
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PCT)'®, and total cooling tonnage at the site (under 4 tons, 4 tons or more, and homes with
multiple units.) In addition, climate zone and building vintage were added to the stratification
scheme.

The sample design was based on program installation data as of March 25, 2008.

The target sample size (the sample size estimated to produce 90/10 estimates at the program
level) was increased by almost 11%, to cover potential data losses. PCTs received a more than
proportional number of these extra sample sites, to improve the estimates of an experiment
designed to assess the load impact differences between two different PCT control strategies.
This experiment is described in Appendix D.

Table 4-2 presents the sample design that was employed in 2008. The table shows the
following variables:

- Stratification variables:
o Device: Thermostat or Switch
o PG&E climate zone: R, S, or X'’

0 Total tonnage (size) of the cooling unit(s): small (under 4 tons), large (4 tons or
more), and multiple units.

0 Year of construction: pre-1987, 1987 to 1997, or post-1987

- Residential program participants as of March 25, 2008. The sample design was based
on this snapshot of the population

'%1n 2007, the sample size was designed with an approximately equal number of PCTs and Switches,
despite the fact that there were more program participants electing Switches than PCTs. In 2008, the
number of sample sites was allocated proportionally.

" PG&E has four climate zones: R, S, T, and X. Climate zone T is excluded from this analysis because
SmartAC was not active in it in 2008. Climate zone T is the Northern California coastal area, not expected
to have substantial cooling loads.

PG&E’s climate zones are based on PG&E’s baseline territories. A map of these territories is available at
http://www.pge.com/nots/rates/PGECZ 90Rev.pdf.
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- Returning sample sites from 2007. Customers that participated in the 2007 M&V sample
were solicited to participate again. There were 229 customers (or 77% of the 2007
sample) that agreed to be part of the 2008 sample

- Target sample size for each sampling cell (the sample size estimated to produce 90/10
accuracy at the program level)

- Number of installed sample sites: number of residences at which loggers were installed.

- Number of installed loggers: total number of loggers deployed at those residences.

Pacific Gas & Electric SmartAC™ 4-15
2008 Residential Load Impact Evaluation March 31, 2009



KEMAX

Table 4-2
SmartAC M&V Sample Stratification and Sample Size
Size (Small = less Erpgram Returnir}g e Number of Number of
than 4 tons, large = 4 participants as | sample sites installed | .
) sample installed
PG&E tons or more, multi = Year of of March 25, | from 2007 sites sample loggers
Stratum Device |Climate Zone]  muiltiple units) construction 2008 M&V sites
1 PCT R Large 1987-1997 165 3 8 8
2 PCT R Large post 1997 116 2
3 PCT R Large pre 1987 427 7 10 10
4 PCT R Multi 1987-1997 96 2
5 PCT R Multi post 1997 63 2 14 28
6 PCT R Multi pre 1987 296 7
7 PCT R Small 1987-1997 735 12 16 16
8 PCT R Small post 1997 324 5 8 8
9 PCT R Small pre 1987 2,785 45 46 46
10 PCT S Large 1987-1997 307 8 5 8 8
11 PCT S Large post 1997 224 7 4 6 6
12 PCT S Large pre 1987 371 19 6 19 19
13  PCT S Multi 1987-1997 90 5 2 6 13
14 PCT S Multi post 1997 82 3 2 3 6
15 PCT S Multi pre 1987 109 8 3 8 15
16 PCT S Small 1987-1997 737 9 12 8 8
17 PCT S Small post 1997 373 12 6 11 11
18 PCT S Small pre 1987 1,853 35 30 34 34
19 PCT X Large 1987-1997 142 2
20 PCT X Large post 1997 43 1 15 15
21 PCT X Large pre 1987 379 6
22 PCT X Multi 1987-1997 102 2
23 PCT X Multi post 1997 62 2 7 15
24 PCT X Multi pre 1987 133 3
25 PCT X Small 1987-1997 323 5 1 1
26 PCT X Small post 1997 79 1
27 PCT X Small pre 1987 1,209 2 20 26 26
28  Switch R Large 1987-1997 205 3 6 6
29 Switch R Large post 1997 219 3
30 Switch R Large pre 1987 570 9 9 9
31 Switch R Multi 1987-1997 95 2
32 Switch R Multi post 1997 123 3 12 24
33 Switch R Multi pre 1987 223 5
34  Switch R Small 1987-1997 740 12 12 12
35 Switch R Small post 1997 413 7 7 7
36 Switch R Small pre 1987 2,608 42 42 42
37  Switch S Large 1987-1997 749 14 12 14 14
38 Switch S Large post 1997 1,022 14 16 14 14
39 Switch S Large pre 1987 917 10 15 10 10
40  Switch S Multi 1987-1997 184 6 4 6 14
41 Switch S Multi post 1997 231 5 6 4 8
42 Switch S Multi pre 1987 208 10 5 10 20
43  Switch S Small 1987-1997 1,475 10 23 14 14
44  Switch S Small post 1997 1,215 12 19 16 16
45  Switch S Small pre 1987 3,074 36 49 43 44
46  Switch X Large 1987-1997 413 7 1 1
47  Switch X Large post 1997 221 4
48 Switch X Large pre 1987 936 2 15 17 17
49  Switch X Multi 1987-1997 198 5 10 20
50 Switch X Multi post 1997 136 1 3
51 Switch X Multi pre 1987 232 6 7 15
52  Switch X Small 1987-1997 862 14 18 18
53  Switch X Small post 1997 258 4
54  Switch X Small pre 1987 1,941 1 31 32 32
TOTAL 31,093 521 578 670
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4.2 Data Utilized in this Evaluation

This section describes the data used to complete this load impact evaluation, and their sources.
The data includes:

e Program enroliment data

e End-use interval data, collected specifically for this EM&V process
e SmartAC M&V events

e Weather data from PG&E

4.2.1 Program Enrollment Data

Program tracking data files were provided by PG&E'’s implementation contractor. Site, work
order, device and dropout data were received in separate datasets. Similar datasets were
received in March, for the purposes of sample design, and in November, for the purposes of
developing weights that were specific to each SmartAC event.

Important fields from the tracking data include:
e Site data

— Customer ID
— Structure size
— Structure age

e Work order data

— Date installed

e Device data

— Type of device
— Unit tonnage

e Dropout Data
— Date removed

Unit tonnage is central to the load impact analysis presented in this report. Unit tonnage is
relatively easy to collect from the unit nameplate and is strongly correlated with unit connected
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load. Impact results are calculated as impact per ton. As of November of 2008, 82.5 percent of
the AC unit records in the tracking data included unit tonnage.

Structure size and structure age were important for the imputation process used to fill the
missing unit tonnage data. Both fields were present for 90 percent of the units in the tracking
data. Average unit tonnage was computed for each combination of structure size and structure

age categories. This average was used to impute tonnage for records with missing tonnage
values.

Date installed and removed determined the rolling program population total for any given event
day. Units were assumed to be active the next day after installation.

Seasonal Energy Efficiency Ratio (SEER) would have been useful information to have.
Unfortunately, SEER is frequently not available on the unit nameplate. Alternative approaches
to finding SEER like model number look-ups are time-consuming and have some limitations. It
is usual for DLC program evaluation to lack SEER data from program participants.

Table 4-3 provides a summary of the program tracking data as of July 8", the day of the 2008
system peak. The table provides the number of sites and units, and the average tons across the
full population, control technology sub-groups and single and multiple units.

Table 4-3
System Peak SmartAC Program Population Statistics, July 8th, 2008
Program Thermostat Control Switch Control

Category JAll Small Large Multi All Small Large Multi All Small Large Multi
Participant
Sites 57,725 37,518 14,373 5,834 13,387 9,473 2,542 1,372 44,338 28,045 11,831 4,462,
Units 63,789 37,518 14,373 11,898 14,710 9,473 2,542 2,695 49,079 28,045 11,831 9,203
Avergage
Tons 3.3 2.9 4.4 3.2 3.2 2.8 4.3 3.1 3.4 2.9 4.4 3.2
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422 End-use Interval Data

4221 Onsite Data Collection

KEMA installed one-minute loggers on all units at the sites selected for the meter sample. The
logger used was the HOBO Energy Logger Pro™ 8,

The logger uses a current transformer (CT), installed around a single leg of an air-conditioning
unit, to monitor the voltage of the electromagnetic field produced by the alternating current. The
loggers are programmed to convert that voltage reading into amperes (“amps”.) The loggers
used 20 and 50 amp CTs. The loggers captured a date/time stamp and amps.

Spot kW and power factor readings are also taken on site to allow conversion of the interval-
metered amps to kW.

4222 Logger Installation Quality Control

The 2008 procedure for installing and retrieving loggers was designed to optimize the collection
of valid data. In particular, the procedure improved confidence that the logger was installed
properly and that it was still properly recording data at the end of the data collection period.

KEMA developed a standard protocol followed for the installation of all loggers.

e Atinstallation, with AC unit running, confirm logger records acceptable amp levels
e Atretrieval, with AC unit running, confirm logger records acceptable amp levels
e Atretrieval, with AC unit running, use true RMS kW meter to measure power factor

The installation protocol improved the likelihood that the logger was properly installed by
providing immediate feedback to the installer. The test intervals from the installation remain on
the logger and provide baseline amp level with which to compare later recorded values. The
retrieval procedure ensured that the logger was still recording data properly before the logger
was removed from the unit. The combination of these two procedures addressed one of the
challenges of air conditioner metering — does zero usage indicate no usage of the AC unitor a
malfunctioning logger. By guaranteeing that the logger was working properly at the beginning

'® The HOBO Energy Logger Pro™ is a modular, reconfigurable data logging system which was
combined with the S-FS-TRMSA FlexSmart TRMS Module to record an instantaneous amp reading every
minute.
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and the end of the logging period, we have great confidence that the data recorded on the
logger is reliable.

Because air conditioners are an inductive load, the appropriate calculation of kW from amps
uses both volts and power factor. When retrieving the loggers, technicians carried true RMS kW
meters to measure the true kW and volts of the AC unit load. These measurements were
recorded and used to transform the logged amps to true kW.

4.2.2.3 Interval Data Cleaning

Fourteen loggers were removed due to questionable data. These include three loggers with
negative recorded readings. The remaining loggers were removed due to a combination of flags
related to installation and data that did not conform to reasonable air conditioner usage.

The cleaning of individual loggers started with the trimming of the partial day at the beginning of
the logging period and all data recorded after November 1%, when KEMA started collecting the
loggers from the field. The test intervals from these first and last days were checked for
consistency with the remainder of the logged data.

In addition to trimming the data, the data was checked for missing intervals. There were no
missing data intervals present. The data do include a very small number of intervals that show
higher load than is consistent with the energy use signature. These intervals are few in number
and are consistent with an instantaneous read that coincided with the initial energy draw at the
beginning of a duty cycle. While these few artificially high intervals are easily detected in the
interval data plotted by hourly temperature, artificially low readings are difficult to impossible to
discern. In the interest of not biasing cleaned data, these few possibly questionable intervals
were not removed.

4.2.2.4 Final Logger Disposition

In total, 19 loggers were not retrieved. These loggers were either missing (stolen), destroyed, or
access to the installation site was denied. In addition, a number of loggers were flagged for
careful consideration in the cleaning process. These included sites where power was
unavailable for the retrieval logger check and sites where the technician had concerns regarding
the installation.

The final logger disposition is provided in Table 4-4.
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Table 4-4
Logger Disposition

Loggers Installed

670

Unrecoverable logger: Stolen,
broken, unable to access

-19

Logger removed from
analysis: Bad or questionable
data

-14

Device not included in M&V
event, Logger stopped
recording

Left program, Device changed,

-12

Loggers Available for First
Event

625

Table 4-5 provides the final strata counts of metered homes and AC units.
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Table 4-5
Final, Post-Cleaning Number of Homes and AC Units by Strata,
First Event, May 16", 2008

Device Climate Tonnage Year of Counts
Type Zone Category Construction |Sites | Loggers
PCT R Large post 1987 8 8
PCT R Large pre 1987 8 8
PCT R Multi all 18 31
PCT R Small 1987-1997 14 14
PCT R Small post 1997 8 8
PCT R Small pre 1987 41 41
PCT S Large post 1987 13 13
PCT S Large pre 1987 18 18
PCT S Multi all 17 32
PCT S Small 1987-1997 8 8
PCT S Small post 1997 10 10
PCT S Small pre 1987 31 31
PCT X Large all 13 13
PCT X Multi all 8 16
PCT X Small post 1987 7 7
PCT X Small pre 1987 25 25
Switch R Large post 1987 6 6
Switch R Large pre 1987 9 9
Switch R Multi 1987-1997 2 4
Switch R Multi post 1997 4 8
Switch R Multi pre 1987 7 13
Switch R Small 1987-1997 10 10
Switch R Small post 1997 5 5
Switch R Small pre 1987 38 38
Switch S Large 1987-1997 14 14
Switch S Large post 1997 13 13
Switch S Large pre 1987 9 9
Switch S Multi 1987-1997 6 14
Switch S Multi post 1997 4 8
Switch S Multi pre 1987 9 16
Switch S Small 1987-1997 14 14
Switch S Small post 1997 15 15
Switch S Small pre 1987 39 39
Switch X Large 1987-1997 8 8
Switch X Large post 1997 2 2
Switch X Large pre 1987 16 16
Switch X Multi 1987-1997 7 14
Switch X Multi post 1997 3 6
Switch X Multi pre 1987 7 14
Switch X Small 1987-1997 12 12
Switch X Small post 1997 6 6
Switch X Small pre 1987 29 29
TOTAL 541 625
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4.2.3 Sample Sizes Across Events

The number of sample sites that were used in this load impact analysis varied with each event.
Table 4-6 includes the number of program participants and of available sample sites (sites that
were active in the program and had good data) that were used for estimates on the first, the
last, and the system peak events. It illustrates the increase in program population and the
decline in sample sites available as the summer progressed.

The sample size declined for two main reasons: (1) sample participants that dropped out of the
program entirely, either by choice or by moving out of the residence where they enrolled, and
(2) sample participants that received new devices'®.

'¥ The data assessment steps undertaken at the conclusion of the data collection phase revealed that a
relatively large number of SmartAC devices were changed out during the cooling season. When the
SmartAC device of a sample participant was replaced, KEMA was not notified. This means that the list of
devices activated for subsequent events was not updated, which in turn means that sample participants
with new devices did not receive the event signals.
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Table 4-6
SmartAC Program Participants and M&V Sample Size
on the first event, the day of system peak event, and the last event

Device Climate Tonnage Year of Program Participants Available Sites

Type Zone Category Construction 5/16/2008| 7/8/2008| 10/16/2008 5/16/2008| 7/8/2008| 10/16/2008
PCT R Large post 1987 278 279 274 8 8 7
PCT R Large pre 1987 439 440 431 8 8 8
PCT R Multi all 591 589 599 18 18 16
PCT R Small 1987-1997 718 710 694 14 14 12
PCT R Small post 1997 317 314 298 8 8 7
PCT R Small pre 1987 2863 2888 2866 41 41 37
PCT S Large post 1987 593 600 598 13 13 12
PCT S Large pre 1987 443 447 455 18 18 18
PCT S Multi all 426 441 457 17 17 16
PCT S Small 1987-1997 828 831 833 8 8 8
PCT S Small post 1997 397 393 390 10 10 9
PCT S Small pre 1987 2187 2228 2243 31 30 30
PCT X Large all 756 778 792 13 14 13
PCT X Multi all 458 473 486 8 7 8
PCT X Small post 1987 488 508 518 7 11 10
PCT X Small pre 1987 1567 1625 1675 25 25 25
Switch R Large post 1987 536 659 996 6 6 6
Switch R Large pre 1987 1112 1498 1926 9 9 8
Switch R Multi 1987-1997 124 156 242 2 2 2
Switch R Multi post 1997 146 169 252 4 4 4
Switch R Multi pre 1987 549 763 964 7 7 7
Switch R Small 1987-1997 875 1011 1339 10 10 10
Switch R Small post 1997 490 587 896 5 3 3
Switch R Small pre 1987 4932 6532 8541 38 38 31
Switch S Large 1987-1997 943 1334 2037 14 14 11
Switch S Large post 1997 1213 1641 2429 13 13 13
Switch S Large pre 1987 1118 1742 2912 9 9 8
Switch S Multi 1987-1997 241 377 662 6 6 6
Switch S Multi post 1997 293 446 731 4 4 4
Switch S Multi pre 1987 288 513 984 9 9 8
Switch S Small 1987-1997 1756 2335 3324 14 14 14
Switch S Small post 1997 1424 2133 3274 15 15 12
Switch S Small pre 1987 3796 5789 10079 39 38 35
Switch X Large 1987-1997 1031 1200 1593 8 8 8
Switch X Large post 1997 604 745 1089 2 2 2
Switch X Large pre 1987 2391 3024 4224 16 17 16
Switch X Multi 1987-1997 481 583 848 7 7 7
Switch X Multi post 1997 405 523 767 3 3 3
Switch X Multi pre 1987 654 837 1196 7 7 7
Switch X Small 1987-1997 1811 2037 2496 12 12 12
Switch X Small post 1997 676 824 1217 6 6 6
Switch X Small pre 1987 5430 6825 9680 29 28 27
TOTAL 46,668 57,827 78,307 541 541 506

4.2.4 SmartAC 2008 M&V Events

In 2008, PG&E conducted a program-wide event at the beginning of the cooling season, for
system test purposes. PG&E and KEMA conducted eighteen sample-only events, for the sole
purpose of collecting data for this evaluation.

The M&V event days were chosen according to criteria detailed in Appendix C.
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Table 4-7 provides the relevant characteristics for the nineteen SmartAC events in the summer
of 2008.

Table 4-7
2008 SmartAC Event Characteristics
Maximum Which PCT Group
Temperature Event Event Received Population Program

Date Day of Week| (°F) Begins Ends | Hours | (50% switch) Control Sites Units Tons
5/16/2008| Fri 102 14:00] 16:00 2 Both 46,699 51,430 171,049
6/17/2008| Tue 94 13:00] 19:00 6 Al 52,661 58,122 193,407
6/27/2008| Fri 90 11:00] 17:00 6 B 55,570 61,362 204,304
7/8/2008 Tue 107 13:00] 19:00 6 Both 57,725 63,789 212,458
7/9/2008 Wed 105 14:00| 18:00 4 Both 58,063 64,168 213,719
7/14/2008 Mon 88 14:30] 17:30 3 A 59,121 65,336 217,618
7/18/2008 Fri 92 13:30] 17:30 4 B 60,596 66,982 223,114
7/30/2008 Wed 91 14:00] 19:00 5 A 63,636 70,398 234,596
8/5/2008 Tue 88 14:00] 18:00 4 B 65,627 72,650 242,132
8/11/2008 Mon 97 14:00] 19:00 5 A 67,548 74,772 249,242
8/15/2008 Fri 101 14:00] 19:00 5 B 69,001 76,400 254,514
8/21/2008 Thu 86 13:00] 18:00 5 Both 70,587 78,154 260,447
8/25/2008 Mon 93 14:00] 17:30 3 A 71,568 79,232 263,985
8/29/2008 Fri 104 15:00| 18:00 3 Both 72,907 80,723 268,983
9/4/2008 Thu 100 14:00] 18:00 4 B 73,281 81,179 270,610
9/15/2008 Mon 89 14:00] 18:00 4 Both 75,515 83,732 279,361
9/25/2008 Thu 93 14:00] 16:00 2 Both 77,702 86,207 287,798
10/2/2008 Thu 79 14:00] 17:00 3 Both 78,403 86,999 290,433
10/16/2008 Thu 86 14:30| 18:30 4 Both 78,074 86,647 289,302

425 Weather Data

PG&E provided 30-minute weather data for this analysis. The data covers the six weather
stations that best described the prevailing weather at the SmartAC M&V sample sites. The
dataset includes both dry-bulb temperature and relative humidity. Each sample site was
mapped to a weather station through geographical variables available in PG&E’s billing
system?.

This analysis uses weather data in a number of different forms. Temperature is used at the
hourly level and at the daily level. Hourly temperatures capture the immediate ambient
temperature while daily average temperature summarizes the range of temperatures
experienced by the house through the day. Daily average temperature is particularly important

2 PG&E assigns a weather station to each of its Division offices, and each PG&E customer is mapped to
to a Division office.
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because houses are temperature integrators. That is, they heat up and cool down more slowly
than ambient temperatures.

In some parts of the country, humidity is a very important variable in determine cooling load. In
California, humidity generally plays a secondary role. However, it is useful to include it to control
for higher humidity when it does occur. In statistical models of cooling use, humidity is an
important variable if it varies over the cooling season; it is less important to include it in the
model if it is very stable over the season, even if it is consistently high.

Weather variables drive cooling and thus drive other program-related processes. Weather helps
determine when the M&V sample is controlled to simulate a program event. SmartAC M&V
events were called for two purposes: to facilitate system peak day impact estimates and to get a
selection of event data that spanned the cooling season and a range of temperatures. Event
day selection was successful on both counts for the 2008 cooling season.

In addition, weather also drives the selection of learning days used to inform the switches’
adaptive algorithm. The learning days provide the switch information on the unit's natural duty
cycle. The algorithm uses this information to determine the level of control to apply to the unit.

4.25.1 Weather and Learning Days

Figure 4-1 thru Figure 4-3 and Table 4-8 provide an overview of the weather in the three
climates zones studied for this evaluation. The figures show the daily average temperature on
the 25 hottest days of the summer, the M&V sample event days, and the days designated as
learning days. If an event day is designated as a learning day, the device will reject it as a
learning day. Both event days and learning days did take place on some of the 25 hottest days.
As a result, the population of SmartAC program participants had a different set of learning days
compared to the M&V sample participants. Figure 4-4 provides the same information for the
Stockton area for the 2007 cooling season.

These plots and the table show that the summer of 2008 was a reasonably warm summer. The
weather stations of Fresno, Stockton and Concord (East Bay), used to monitor weather in order
to schedule M&V events, had at least 25 days over 85, 80 and 75 degrees, respectively.
Comparing the Stockton plots from 2007 to 2008, they show similar weather across the two
years. Extreme weather came later in 2007, but the range of the top 25 days is similar.

The 2008 plots indicate that PG&E was more aggressive in their selection of learning days in
2008. Five learning days were chosen in June and one of them was a day with a daily average
temperature below 70° Fahrenheit across all three climate zones. Early, moderate learning day
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move the algorithm away from the default straight 50 percent cycling into the adaptive mode. It
is difficult to assess the success of this strategy without a full understanding of the adaptive
algorithm.

These figures and table support the following observations regarding the suitability of the data
collected for this evaluation:

1) There were several learning days before all but the first event. This indicates that switches
had information to develop their adaptive algorithm.

2) There were similar numbers of event and non-event days across the hot temperature days.
Non-event days with high temperatures are crucial to adequately model reference loads.

3) There were several events on mild temperature days. These increase the range of
conditions at which demand was observed.

4) There were several learning days that were also event days. These impose a different
learning pattern for the sample than for the rest of the program participants.
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KEMAX

Table 4-8
SmartAC 2008
25 Hottest Days, Event Days and Learning Days (all climate zones combined)

Daily N
Average S
Temperature o/ @q’
(degrees Qq’ $ S
Date Farenheit) ISR
7/9/2008 90.2( X X
7/8/2008 89.7] X X
6/21/2008 88.6( X
8/29/2008 885 X | X | X
7/10/2008 88.5( X
6/20/2008 86.3| X
8/28/2008 86.2( X | X
5/16/2008 86.2( X X
7/7/2008 86.11 X
5/17/2008 85.0( X
8/15/2008 84.4] X X
9/6/2008 84.4( X
8/14/2008 843 X | X
8/13/2008 843 X | X
5/15/2008 83.7( X | X
9/5/2008 83.5| X[ X
8/27/2008 834 X | X
9/7/2008 82.8] X
9/4/2008 82.6( X X
7/26/2008 82.5( X
5/18/2008 81.9( X
8/11/2008 81.4( X X
6/19/2008 81.3| X
6/13/2008 809 X | X
7/6/2008 80.9] X
8/25/2008 80.2 X
7/11/2008 78.3 X
6/27/2008 77.8 X
6/12/2008 77.5 X
9/25/2008 77.4 X | X
7/14/2008 774 X
6/10/2008 771 X
5/19/2008 76.8 X
5/14/2008 76.4 X
7/18/2008 76.2 X
8/21/2008 76.1 X
7/30/2008 76.1 X
6/17/2008 75.4 X
8/5/2008 74.5 X
9/15/2008 74.4 X
8/8/2008 73.2 X
10/2/2008 724 X
5/13/2008 70.4 X
10/16/2008 69.7 X
5/21/2008 65.8 X
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Figure 4-1

2008 Climate Zone S (Stockton)
25 Hottest Days, Event Days and Learning Days
100
95
$ o0 +
£ & ®
R ot A 4
@ " + @
gl Ay 4 ® o
R A A O o)
Q L
3 s A A Ko o o
& N O o (@)
- A A @)
70 + o
F A
65
1-May 1-Jun 2-Jul 2-Aug 2-Sep 3-Oct 3-Nov
O Event Days =+ 25 Hottest Days A Learning Days
Figure 4-2
2008 Climate zone R (Fresno)
25 Hottest Days, Event Days and Learning Days
100 ¢
95 §
P +
$ 90 & N + ® ?
& A r e+ B
v 85 E A AN o OAO O'—' A
=
5 80 AO © (ORN4)
2 r A O
E ;.5 A
N
70 |
- ©
65 T
1-May 1-Jun 2-Jul 2-Aug 2-Sep 3-Oct 3-Nov
O Event Days =+ 25 Hottest Days A Learning Days
Pacific Gas & Electric SmartAC™ 4-29

2008 Residential Load Impact Evaluation

March 31, 2009



Figure 4-3
2008 Climate zone X (East Bay)
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Figure 4-4
2007 Climate zone S (Stockton)
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5. Load Impact Estimation Methodology

This section provides the methods used to estimate ex post and ex ante SmartAC load impacts.
Section 5.1 provides the methodology for producing ex post results, and section 5.2 for the ex
ante results.

5.1 Ex Post Load Impact Estimation

51.1 Overview

To develop the ex post impacts, we fit a model to the metered load data, to estimate load in the
absence of a control event. Our estimation procedure uses the metering data to estimate two
related sub-models of air conditioner response to weather.

1. Connected Load Model

Connected load is the instantaneous kW draw of the unit when the compressor is running.
Connected load is often assumed to be constant, taken from nameplate specifications or a
single spot kW reading. Prior studies including our own work have demonstrated a consistent
linear trend of increasing connected load with ambient temperature, 1-2% increase per degree
F, depending on the unit.”’

The instantaneous 1-minute kW readings are either 0, if the compressor is not running, or the
connected load, if it is running. Thus, each non-zero reading is a direct observation of the
connected load. We model these non-zero observations as functions of current ambient
temperature and relative humidity.

Figure 5-1 is an example for a typical unit. The figure shows:

a. The linear relationship between connected load and ambient temperature is very well
determined.

! See, e.g., Neal and O’'Neal, 1992, “The Impact of Residential Air Conditioner Charging and Sizing on
Peak Electrical Demand,” in ACEEE 1992 Summer Study on Energy Efficiency in Buildings, pp 2.189-
2.200.
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b. A very small fraction (fewer than 0.04 %) of instantaneous readings fall in the space
above the cloud of connected load data. Thus, this fitted line can be treated as an
effective upper bound to the demand at a point in time or averaged over an interval.

Figure 5-1
Observed and Estimated Connected Load (kW) by Hourly Temperature.
W
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2. Cooling Load Model

From the 1-minute instantaneous kW readings, we calculate hourly averages. For a given
interval, this average reflects both the kW drawn when the unit is running (i.e., the connected
load for the interval), and the fraction of time the unit runs during the interval (the duty cycle,
indicated by the fraction of 1-minute observations that are nonzero).
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The hourly average demand is estimated using a 2-breakpoint model. The first breakpoint is the
home’s base or reference temperature, the outside temperature above which air conditioning is
required. This breakpoint is estimated for each unit as part of the model fit. We model hourly
average kW as a function of cooling degree-days with respect to this reference temperature,
and other terms.

The second breakpoint is the point above which the unit runs at 100% duty cycle, meaning that
the average demand over an interval is equal to the connected load. This second breakpoint is
estimated implicitly, by setting the model estimate equal to the minimum of the unconstrained
estimate and the estimated connected load.

The overall cooling model is illustrated schematically in the figure below.
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Figure 5-2
Cooling Load Model lllustration
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The dark line at the top is the connected load, estimated from the non-zero 1-minute
instantaneous kW readings. The pink line is the estimated cooling load model: it is 0 below the
estimated reference temperature or lower break point, and linear in temperature above that, up
to the capacity limit, the connected load line. Our model has more terms in it than temperature,
but this schematic illustrates the structure.
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5.1.2 Connected Load Model Specification

As noted, connected load increases with ambient temperature. That is, as ambient temperature
increases, the compressor becomes slightly less efficient??, so that the power needed to run
motor increases slightly. Humidity also has an effect on the compressor’s instantaneous
demand. Thus, we model each unit’s non-zero full load kW as a linear function of hourly
temperature and humidity:

* —
L*ina =&+ BiFjpg +0;H g + &pnd

Where:

L™ ond = Connected load for unit j for minute p, day d , hour h;

Fo _ Dry bulb temperature (Fahrenheit) for day d and hour h for the weather
. station assigned to unit j;

H., _ Relative humidity for day d and hour h for the weather station assigned to
. unit ;

; ,,3,- ,5,- = Estimated connected load parameters for unit j;

&jphd = Residual error for unit j, minute p, hour h, day d.

The fitted values of this equation represent the connected load for that unit across the full range
of cooling temperature and humidity. For most units j, connected load increases approximately
one percent per degree Fahrenheit increase.

A

. . s .
L*4a =@+ B;Fjng +0iH g

2 As outdoor ambient temperature increases, the air conditioning unit cannot reject as much heat to the
ambient outdoor air. This causes the temperature of the condensed refrigerant to rise, which in turn
requires the compressor to work harder. Since the compressor needs to work harder, it will draw more
power for the system to work and the efficiency of the system will decrease.
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~

L* — Connect load for unit j for day d , hour h
J

A

0;]_ ”3] ’31_ - Estimated connected load model parameters for unit

5.1.3 Cooling Load Model Specification

The cooling load model estimates unit-level load under normal (non-event) conditions as a
function of temperature, humidity, and other variables that capture the different cooling levels
across hour of the day, day of the week and months. The model provides an estimate of
expected cooling load (the reference load) from which event impacts are calculated.

The model is primarily driven by temperature. More specifically, the model uses cooling degree
days, which are calculated from daily average temperature and a base temperature. Base
temperature represents the outdoor temperature at which the unit starts cooling. Because each
unit reflects unique occupant cooling characteristics, it is essential to identify the appropriate
temperature for each unit. For each unit, we estimate multiple versions of the model using
degree days calculated from bases ranging from 70° to 90° F. The best model for each unit is
chosen by comparing mean absolute percentage error for periods with unit load greater than 0.5
kW2,

5.1.3.1 Unconstrained Cooling Load Model

We begin by fitting an unconstrained cooling model that ignores the upper breakpoint or
capacity limit. The unconstrained cooling model is expressed by the following equation:

6

Z¢th l,aCy (Tj )"’ 7inH jha +€jna

w=2

10
Ljhd =a;, + ,thcd (Tj )"‘ X i LC, (Tj )*th (Tj )"’ z fo 5mjhcd (Tj )+
m=6

2Mean absolute percentage error approaches infinity as load approaches zero. Furthermore, intervals with non-zero
load are the important intervals on which to assess model fit.
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Where:
L jhg
Ci(7))
Can (7))
LCy, (7;)
H g

€ihd

md

w

de

ins Pins Xjno

5mjh ' ¢wjh 1 Vin

average AC load (kW) at hour h of day d for unit j;

cooling degree-days at the cooling base temperature 7, for unit j, on day
d, based on daily average temperature;

cooling degree-hours at the cooling base temperature z; for unit j, on day
d, hour h based on outside temperature at that hour;

Lagged cooling degree-days and hourly cooling degree-days;
relative humidity for unit j at hour h for day d;

regression residual,

Fraction of current month at each day. During month m, f,,q ranges from
zero to one and f...1 4 ranges from 1 to 0 as d ranges from the first day of
month m to the first day of the month m+1. For months m that do not
include day d or the following month, fqis 0.

Day of week indicator, one dummy variable for each weekday, and one for
weekends and holidays combined;

0/1 dummy indicating that w is the day of week type for day d

coefficients determined by the regression; and

base temperature determined by choice of the optimal regression.

The degree-day variables are calculated as:

Cd(rj) = max(F, —Tj,O)

Where F, is daily average temperature calculated as the average of the daily maximum and

minimum temperature Fahrenheit.
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Similarly, the degree-hour variables are

Where the hourly cooling degrees Cyn(7) are calculated from the hourly temperature Fg, as
Ca (Tj) = max(Fy, -7, 0).

Where F,, is the temperature at hour he of day d.

Lagged cooling degree days LCq(7) are calculated as:

LC, (7;) = {10C, (z,) +5C,, (r;) + 2C4_,(z,))/17

The lag terms account for both physical response to heat build-up in the premise over several
days and behavioral changes in reaction to conditions over prior days. This particular average of
degree-days for the current day and 1- and 2-day lags has weights that approximate a simple
exponential decay. Physical lag effects are expected to decay exponentially. This particular
decay rate was found to work well in previous work.

Lagged cooling degree days are entered in the model in a quadratic form, multiplying the lag
term with hourly cooling degrees.The quadratic term allows for non-linear physical and behavior
responses to weather conditions. The particular quadratic form entered offers a parsimonious
model that combines several model elements in a single term: a quadratic form with an
interaction between the exponentially lagged degree-days based on min-max average
temperature, with current-hour degree-hours. Degree-days using daily average temperature are
effective because to a large extent the dwelling does not respond instantaneously to outside
temperature changes, but serves as a physical integrator over time. Degree-hours using current
temperature are nonetheless helpful because there are some responses to the immediate
temperature.

Because air conditioning load is affected by humidity, we also include hourly relative humidity in
the model.

Each day of the week has its own set of cooling degree coefficients except for Saturday,
Sunday, and Holidays which are combined. To capture seasonality effects, the model includes

interactions of cooling with blended month variables, fm. The monthly terms account for
systematic changes over the season apart from the physical or behavioral response to particular
weather conditions, which are captured by lag effects. For example, customers may delay
turning cooling on in May, change how much time they spend at home, or become less tolerant
of hot conditions as the summer progresses. The blended month variable allows us to account
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for a seasonal pattern across months in a smooth fashion, something that would not be possible

with simple binary variables. To illustrate how f, is calculated, we provide a few reference

values in Table 5-1.

Table 5-1
Example of Blended Month Variable for Varying Dates d and Months m

Date May June July August | September| October | November
May/1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
May/15 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Jun/1 1.0 0.0 0.0 0.0 0.0 0.0 0.0
Jun/15 0.5 0.5 0.0 0.0 0.0 0.0 0.0
Jul/1 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Jul/15 0.0 0.5 0.5 0.0 0.0 0.0 0.0
Aug/1 0.0 0.0 1.0 0.0 0.0 0.0 0.0
Aug/15 0.0 0.0 0.5 0.5 0.0 0.0 0.0
Sep/1 0.0 0.0 0.0 1.0 0.0 0.0 0.0
Sep/15 0.0 0.0 0.0 0.5 0.5 0.0 0.0
Oct/1 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Oct/15 0.0 0.0 0.0 0.0 0.5 0.5 0.0
Nov/1 0.0 0.0 0.0 0.0 0.0 1.0 0.0

5.1.3.2 kW Estimated from the Unconstrained Cooling Load Model

The unconstrained cooling load model provides estimates of load calculated as:

10 R

~ ~ ~ 6
Ljhd = O}jh +18jhcd (TAj )+ ?A(thth (fj )*th (;j )+ z fmd5mjhcd (TAj )+ Z%h'wdcd (TAJ )+ 7;th jhd +€Jhd

m=6 w=2
Where:
I:jhd = Unconstrained estimate of AC load at hour h of day d for unit j;
&jh’ﬂjh'fjh’ . .
~ ~ = Estimated parameters from the cooling load model;
5mjhv wint Y ijho T
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514 Estimated Cooling Load with the Full Model

The estimate of unit-level cooling load for each hour is a combination of the unit’s unconstrained
cooling load model estimate and its connected load estimate. The unconstrained cooling load
model does not explicitly recognize connected load as the upper bound of unit cooling load. We
use the unit’s specific estimate of connected load for the hour’'s weather conditions as an explicit
upper bound for modeled cooling load estimates, as indicated in Figure 5-2 above. Thus, the full
model estimate of cooling load used for impact estimates is calculated as:

A

L = min(l:jhd L 5ha)

where
E—hd = Estimated load for unit j on date d in hour h,
L _ Unconstrained load model estimate of load for unit j on date d in
Id hour h,
I:*jhd = Estimated connected load for unit j on date d in hour h

5.1.5 Individual Load Impacts

Individual unit impacts are calculated using the full model estimate of cooling load for each
event hour and the observed load for that hour. Impacts are estimated as:

Djna = Ling = Ljng
Where:
Djhd = Estimated load impact for unit j on date d in hour h,
tjhd = Estimated load for unit j on date d in hour h,
Ljhd = Observed load for unit j on date d in hour h

The cooling load model is estimated using hourly observations. Impacts are calculated for each
15-minute interval. The cooling load estimate is the same for each 15-minute interval in the
hour. The impacts are calculated separately for each observed 15-minute average.
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5.1.6 Aggregation to Population Estimates

Unit-level results are expanded to represent the full program population. We use a ratio
estimation approach to aggregate estimates on a per ton basis. Ratio estimation has a number
of advantages over a non-ratio based approach: improved precision, lower bias due to changes
in population composition, and a direct estimate of impact per ton.

The ratio estimator is calculated as.

Equation 1

Ns N N

= 2D Wi Digrg
Dhd k=1c=1 j=
n

S

Where:

Dt / = gross demand impact per ton of the average AC unit in the program population
T in hour h at daily average temperature d,

D, cjng = gross demand impact of the for AC j in hour h on day d,

chj = tons for AC j in cluster c and strata k,

Wi = sampling weight for impact of AC j, identified as AC k in cluster ¢ of stratum k,

k = stratum number with a total of n, clusters,

C = cluster number within stratum k, with a total of n. units

j = AC unit number within cluster c of stratum Kk,

Ne = Number of strata

Nk = number of clusters in stratum Kk,

Ne = number of units in cluster c,
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With sampling weights calculated as:

CRVALZS

Where:

Nk = total number of clusters (sites) in meter sample, stratum k,

Ny = total number of clusters (sites) in program population, stratum Kk,
Mic = Number of ACs in meter sample, stratum k and cluster c,

Mic = Number of ACs in program population, stratumk and cluster c,

The ratio estimator result provides the estimate of unit load reduction per ton. The final estimate
of unit load reduction for the events of the summer are calculated:

Where 'F is the average or total tons for the population on the day of the event.

Bhd = Average per unit or total program impact, depending on 'Ij

*

I

Average or total tons for the population on the day of the event.

Load impact estimates were produced by a number of categories: device type, load control

area, climate zone, square footage of house, year built, and for thermostats, the 50 percent
cycling strategy compared to the ramping strategy. These estimates are produced using the
ratio estimation approach described above.

5.1.7 Uncertainty Adjusted Load Estimates

In addition to the standard average estimate of load impacts, the Protocols require uncertainty
adjusted load impact estimates.
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The Protocols discuss a number of ways of calculating the uncertainty adjusted load impact
estimates. This evaluation uses the first option listed, based on the use of the standard errors of
the aggregate estimates of the load impact®. In the model used in this evaluation, the standard
errors of the aggregated impact estimates encompass both between- and within-unit variances
for the participants for each hour.

Each participant’s impact estimate includes the estimation error for that participant (the error in
estimating the participant’s load.) This is the within-unit variance.

The standard errors explicitly measure the variation in impacts across participants — the
between-unit variance. Thus the modeling errors for individual participants are entrained in the
standard errors calculated across participants.

Using the aggregate standard errors to calculate uncertainty adjusted-load impacts requires that
we assume that the aggregate estimation error is normally distributed with mean zero. That is,
we exclude any explicit bias correction. This assumption is standard for regression-based error
measures. The normal distribution assumption is reasonable for estimates that are averaged
over large numbers of similar units. Bias is inherently not measurable, but the estimation
process, including sampling, data collection, data cleaning, and model development and testing
were designed to limit bias as much as possible. With this mean-zero normal distribution
assumption, the uncertainty adjusted percentiles are simply the percentiles of a t distribution,
based on the estimated standard errors and centered on the impact estimate for that hour.

5.1.8 Statistical Measures for the Day-Matching Method

The Protocols dictate “the calculation and reporting of statistical measures designed to reveal
the statistical precision and extent of bias that may be present in the methods used to estimate
impacts.” Protocol 9 addresses day-matching ex post methods, and Protocol 10 does the same
for regression-based methods.

The Protocol 9 methods produce statistical measures for ex post methods that are developed by
constructing a reference load estimate for each unit and event day. Protocol 9 assumes that the
reference load is constructed using matched days. However, the Protocol 9 calculations are
equally applicable to and meaningful for any other method of constructing reference loads for
each unit and event.

 Bullet 1, footnote 38, page 53 of the Protocols (Load Impact Estimation for Demand Response:
Protocols and Regulatory Guidance. California Public Utilities Commission. Energy Division. April, 2008)
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For ex post load impact estimation, KEMA uses regression-based, unit-level modeling of AC

usage to estimate event day reference load. Ex postimpacts are then estimated by comparing
this estimated reference load to observed load levels during event hours. This estimated
reference load can be assessed with criteria set forth in Protocol 9, just as if it had been
constructed by day-matching methods.

This section provides the equations used to satisfy Protocol 9 statistical measures. The resulting
statistics for Protocol 9, and the Protocol 10 measures that are based on standard regression,
are presented elsewhere in this document.

5.1.8.1 Selection of Proxy Days

Proxy days are used to establish the accuracy of the impact estimation approach. In theory, the
estimation approach ought to estimate a reference load that equals observed load on non-event
days. The error associated with estimating load on proxy days is the basis of the statistical
measures reported here.

Five proxy days were selected based on premise-level usage. Usage between the hours of 11
AM and 6 PM were summed across all sites in the sample. The six non-event, non-holiday
weekdays with the greatest daily usage were chosen as proxy days.

5.1.8.2 Statistical Measure Equations

Protocol 9 provides equations for its statistical measures. We reproduce those equations here
with clarifications that reflect the way the statistics were calculated for this report. A weight
variable is included to makes these equations as general as possible.

5.1.8.2.1 Average Error

The first statistic is the average error across customers and proxy days, for each hour of the
day. With sample weights, the formula becomes:

Neust ndays( =_ )
— 2]:1 p=1 Liph L jon Wi
eh - n
n
]

cust
cust ndays ’ i=1 Wj

where:
J = the cross-sectional unit or customer
p = the event-like day
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= the hour of the day

h
L-ph = the actual load for the customer on the proxy day of interest for the hour of interest

—l
I

ioh the predicted load for the customer on the proxy day of interest for the hour of interest
Neust = the total number of customers in the observation group
Neays = the total number of days in the observation group
W; = the sample weight for each unit or customer
5.1.8.2.2 Relative Average Error

Associated with the previous measure is the relative weighted average error for each hour,
across customers and proxy days. It is calculated as the ratio of the weighted average error to
the weighted average actual load that occurred in the specific hour. Its formula is given by:

re, = !
h ™ Neust ndays
Zj:l p=1 L jon * W
nCLIS
Neust * ndays ) jzlt Wj
Where:
J = the cross-sectional unit or customer
p = the event-like day
h = the hour of the day
€, = the average errors across customers and proxy days for the hour of interest
L. _ the actual load for the customer on the proxy day of interest for the hour of
ph interest
Neyst = the total number of customers in the observation group
Nyays = the total number of days in the observation group
W. = the sample weight for each unit or customer

5.1.8.2.3 Median Error
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The Protocol also requires the median error to be reported. A weighted median error is the error
corresponding to the center of the distribution of error weights, when the error weights are
arranged in order of magnitude. In case there is a tie between two weights, the simple average
between them is used.

- J 0 nCUS[ J+l
€t if zi=1Wi <50A)-Zi=l W< W,
€, =
1 - i _ Neust
1 +epn) If Zi:lwi =50%- > " w,
where:
J = the cross-sectional unit or customer
p = the event-like day
h = the hour of the day
€oh = the prediction error, L, —Ljon
n _ the total number of customers in the observation
cust - group
Naays = the total number of days in the observation group
Wi = the sample weight for each unit or customer

5.1.8.2.4 Relative Median Error

A relative weighted median error can be calculated by dividing the weighted median error by the
weighted median load for each hour of the day. It is calculated as:

~ €
re, = =-
L,
where:
h = the hour of the day
_ the median error across customers and proxy days
€, = for each hour of the entire day, as calculated
above
L _ the weighted median load for the customer on the
h proxy day of interest
Pacific Gas & Electric SmartAC™ 5-16

2008 Residential Load Impact Evaluation March 31, 2009



5.1.8.2.5 Coefficient of Alienation

One way of evaluating how well a model performs is to measure how much variation is not
accounted for by it. Protocol 9 demands the calculation of the Coefficient of Alienation, which
measures the proportion of variation in load that is not explained by variation in the forecast
load. Using sample weights, the coefficient is given by:

Neust Ndays Nhours (L

_ —f h)2 - W, 1
h 1p
A: E E JpL _ E 2 : ’ Neyst
j=1 p=1 h=1 ( jph Ph) Z w

j=1 ]

Where:

J = the cross-sectional unit or customer

p = the event-like day

h = the hour of the day

Ljph = The actual load for the customer on the proxy of interest for the hour of interest

i _ the predicted load for the customer on the proxy day of interest for the hour of
Jph interest

Lph = the average load on the proxy day of interest for the hour of interest

Nyt = the total number of customers in the observation group

Nyays = the total number of days in the observation group

Niours = the total number of hours being observed on the proxy day

W; = the sample weight for each unit or customer

5.1.8.2.6 Theil's U Statistic

To measure the predictive power of the model, the Protocol requires the calculation of Theil’'s U
statistic?®. Bound between 0 and 1, this statistic measures how better the model performs when
compared to a simple prediction of no change. The closer the U statistic is to zero, the more
accurate the model is. We report a unit level Theil value that is calculated as follows:

% The denominator of the Theil’s U statistic describe in the DR protocols is a combination of estimated
and actual load. We believe the intent of this version of the statistic was to normalize by the average level
of the squared loads from the two sources. This would entail that the whole denominator is divided by
two. For consistency, the Theil's U statistics presented in this report follow the DR protocol equations as
they were published.
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— 1
ndays nhours T . 2 2
2oy 2uns (Lin = L)

n -N

days hours

ndays znhours LZ 5 ndays nhours L
Z o || 2p 2y L

ndays “Mhours ndays “Myours

Where:
J = the cross-sectional unit or customer
p = the event-like day
h = the hour of the day
L joh = the actual observed load for the period of interest
f jph = the predicted load for the period of interest
Nyays = the total number of days in the observation group
Niours = number of periods
5.2 Ex Ante Load Impact Estimation

5.2.1 Duty Cycle Approach

As explained above, the model used in this evaluation to estimate ex post load impacts is a
reference load model. The ex post impacts are estimated at the unit level as the difference
between the reference load (calculated with the model) and the event day load. These unit level
impact estimates are aggregated on a per-ton basis using a ratio estimator approach weighted
according to the sample’s strata weights.

The ex post impacts are not directly estimated in the regression. For this reason, this approach
does not produce a regression-based estimate of ex ante event impacts. Instead, we estimate
ex ante load impacts using the cooling load-based model of each unit's duty cycle. Duty cycle is
during an interval is calculated as the average load during that interval divided by the connected
load.
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5.2.2 Ex Ante Load Impact Estimation for Switches

5.2.2.1 Ex Ante for Fixed Duty Cycle and Perfect Adaptive Switches

A priori, we expect that the switches’ load impact will lie somewhere between that of 50%
straight cycle (legacy-style cycling) and that of the “perfect adaptive” cycling that would obtain
the maximum load impact in the presence of perfect information. If the switch has been well
trained, savings should be near the perfect adaptive level. If there have been too few training
days or the switch has re-started its learning, the switch will operate at or close to fixed 50%
control..

The savings under legacy fixed 50% cycling and under adaptive 50% control can both be
calculated directly from the fitted cooling model for each unit. To produce ex ante estimates, we
need to know where between these two estimates the impact will fall. As described below, we
estimate this mix empirically, from the 2008 ex post results. First, we give the formulas for the
two extremes.

For legacy cycling, the savings will be zero if the natural duty cycle is 50% or less (i.e., the
uncontrolled cooling load is less than half the connected load). The savings will be the

difference between the uncontrolled load and 50% of the connected load, if the duty cycle is

above 50%. Thus, the estimate of legacy 50 percent cycling load reduction Asj%d is calculated

from the estimated uncontrolled load [jhd and the estimated connected load CL;4, as:

A, =0, if Ling <O5CL,

A =Ljng —0.5CL g, if Lina > 05CL,

i

The adaptive cycling impact estimates are 50 percent of estimated load regardless of duty

cycle. Thus, the estimate of adaptive cycling load reduction A’?hd is calculated:

A’?hd = 0.5tjhd :
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The adaptive switches have, as their default setting, the legacy cycling approach. Thus, legacy
cycling impact estimates serve as the theoretical lower bound on the potential impact from the
adaptive switch. The model-based adaptive cycling estimate assumes the adaptive switch has
the same knowledge of expected load for any hour as the load model. This serves as a
theoretical upper bound on the potential impact from the adaptive switch

It is possible that an individual unit could generate impacts greater than the theoretical upper
bound. This would happen if the adaptive switch under-estimated the true expected duty cycle.
Empirically, however, the aggregate impacts tend to fall between the theoretical bounds given
by the legacy cycling and adaptive cycling estimates

5.2.3 Combination of 50 Percent (“Legacy”) Cycling and Adaptive
Estimates into a Single Ex Ante Estimate

To determine the single ex ante estimate, we need to know where the impacts will fall between
the theoretical bounds for the legacy and adaptive cycling impact estimates. The overall impact

A

A 4 is @ linear combination of the impact if the switch behaved like the theoretical adaptive

switch and the impact if the switch behaved like a legacy switch. This mix is calculated as:

A

Ay = aA’}hd +(1- a)ASJ%d

Where:
J = the cross-sectional unit
h = the hour of the day
d = day
A jhd = the overall predicted impact
AA}hd = the predicted impact for adaptive switches
Asj%d = the predicted impact for legacy switches
o _ the fraction of impact from switches in adaptive
mode
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This equation can be rearranged to solve for a for each unit and event hour, given the observed

reduction A, :
N 50 A 50
A jng _Ajhd _a(Ajhd _Ajhd)

N 50
_ Ajhd _Ajhd
- A 50

(Ajhd _Ajhd)

Because we believe that the effectiveness of the adaptive switches varies under different
temperature conditions, we calculate « separately for each temperature level F, across units
and event hours. The calculation uses a ratio estimator:

ZJZthed(F)(Ajhd _Asj%d)
szthed(F) AA}hd _Asj?wd)

Where the summations are over all units, and all days and hours with daily average
Temperature equal to F, and:

a(F) =

J = the cross-sectional unit or customer
h = the hour of the day
d = day
F = daily average temperature
Ajdh = the predicted impact
A/?dh = the predicted impact for adaptive switches
Asj%h = the predicted impact for legacy switches

a(F)

the fraction of impact from the adaptive switch at temperature F

We then fit an ordinary least-squares model with a as a function of daily temperature:
a(F) =4+ BF; +4
Where:

Pacific Gas & Electric SmartAC™ 5-21
2008 Residential Load Impact Evaluation March 31, 2009



a(F) = the fraction of impact from the adaptive switch at temperature F.

ﬂo = the model intercept

b = the coefficient of temperature
F = average daily temperature

& = regression residual

To remove the possible downward bias of non-responsive signals, this regression was fitted
only for units with no evidence of non-response.

The results of this regression are provided in Table 5-2. For example, at a daily average
temperature of 90° F (the daily average temperature of the system peak day), the combined ex
ante estimate is 54 percent adaptive impact estimate and 46 percent legacy estimate.

Table 5-2
Estimated Alpha
(Proportion of Adaptive Ex Ante Impact Estimate in Combined Ex Ante Estimate)

Daily Average Estimated
Temperature (Fq)| Alpha (a)
75 27%
76 29%
77 30%
78 32%
79 34%
80 36%
81 38%
82 40%
83 41%
84 43%
85 45%
86 47%
87 49%
88 50%
89 52%
90 54%
91 56%
92 58%
93 60%
94 61%
95 63%
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Finally, we calculate the overall ex ante impact using the predicted value, a(F), at each daily

temperature F:

Ajhd = a(F, )A/?hd +(@1-a(F, ))Asj%d
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6. Study Findings

This section provides the results of the impact evaluation. It includes selected ex post results at
time of system peak, including a comparison between the 2007 and the 2008 ex post results,
and selected ex ante results for 1-in-2 and 1-in-10 weather conditions. These are followed by
sections regarding the validity assessment of the ex post findings, and the statistical measures
to assess the precision and bias of the estimates dictated by the Protocols.

6.1 Ex Post Estimates of Load Impact at Time of the 2008
System Peak

PG&E’s 2008 system peak occurred on July 8, at 4 PM (hour ending 5 PM), at a load of 20,385
MW. This section describes the load impact estimates on this day.

As noted, in 2008 there was only one program-wide event, in May. With the exception of the
May event, “population” or “program-wide” results refer to estimates of impacts had the entire
program been activated on that day.

A complete set of tables with load impacts at time of the 2008 system peak are presented in
Appendix E (at the AC unit level) and Appendix F (at the population level.) Tables for other
event days are provided in electronic format only.

6.1.1 Ex Post Program Impact

Program impacts per unit at time of the 2008 system peak are illustrated in Figure 6-1 and Table
6-1. On this day, the event took place from hours ending 2 PM through 7 PM. During these
hours, impacts ranged from a low of 0.51 kW in the first hour to a high of 0.91 kW on the hour
ending at 6 PM. The impact at time of system peak was 0.86 kW per device. The hours after the
event indicate a snapback effect of up to 0.46 kW.

These per unit estimates translate into an estimated impact of about 55 MW at time of system
peak, if the program had been activated.
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Figure 6-1

SmartAC Ex Post Estimated Reference Load and Event Day Load at Time of System Peak
July 8, 2008

0.0 T T T T T T .
1:00 AM 4:00 AM 7:00 AM 10:00 AM 1:00 PM 4:00 PM 7:00 PM 10:00 PM
Hour Ending
1 Time of System Peak = = - Estimated Reference Load (kW per AC Unit) Event Day Load (kW per AC Unit)
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Table 6-1
SmartAC Peak Day Average Unit Estimates
July 8, 2008
PG&E SmartAC™ 2008 ex post estimates
Group: Program Level View: Unit (kW)
Estimated Estimated Weighted Uncertainty Adjusted Load Impact (kW per AC Unit)
Date Event Day
(Year Hqur Reference Load (kW per Load Impact Average
2008) Ending |Load (kW per[ " Ac Unit) (kW per AC | Temperature 10th. 30th. SOth. 70th . 90th.
AC Unit) Unit) (°F) percentile percentile percentile percentile percentile
8-Jul 1:00 AM 0.53 0.50 0.04 82.94 -0.01 0.02 0.04 0.06 0.08
8-Jul 2:00 AM 0.35 0.35 0.01 80.63 -0.03 -0.01 0.01 0.02 0.04
8-Jul 3:00 AM 0.25 0.25 0.01 78.68 -0.03 -0.01 0.01 0.02 0.04
8-Jul 4:00 AM 0.19 0.20 -0.01 76.98 -0.03 -0.02 -0.01 0.00 0.02
8-Jul 5:00 AM 0.15 0.14 0.01 76.26 -0.02 0.00 0.01 0.02 0.03
8-Jul 6:00 AM 0.12 0.14 -0.02 75.01 -0.04 -0.03 -0.02 -0.01 0.00
8-Jul 7:00 AM 0.10 0.14 -0.04 73.52 -0.07 -0.05 -0.04 -0.03 -0.02
8-Jul 8:00 AM 0.12 0.16 -0.04 76.41 -0.06 -0.05 -0.04 -0.03 -0.02
8-Jul 9:00 AM 0.22 0.24 -0.01 81.54 -0.05 -0.03 -0.01 0.00 0.02
8-Jul 10:00 AM 0.40 0.36 0.04 86.81 0.00 0.03 0.04 0.06 0.08
8-Jul 11:00 AM 0.60 0.58 0.02 92.10 -0.03 0.00 0.02 0.04 0.07
8-Jul 12:00 PM 0.90 0.90 0.00 96.49 -0.06 -0.02 0.00 0.03 0.06
8-Jul 1:00 PM 1.24 1.26 -0.02 99.61 -0.10 -0.06 -0.02 0.01 0.06
8-Jul 2:00 PM 1.49 0.97 0.51 102.31 0.45 0.49 0.51 0.54 0.58
8-Jul 3:00 PM 1.76 1.14 0.62 104.36 0.55 0.59 0.62 0.65 0.70
8-Jul 4:00 PM 2.07 1.25 0.81 105.68 0.74 0.78 0.81 0.84 0.89
8-Jul 5:00 PM 2.20 1.34 0.86 106.65 0.79 0.83 0.86 0.90 0.94
8-Jul 6:00 PM 2.32 1.42 0.91 105.85 0.82 0.87 0.91 0.94 0.99
8-Jul 7:00 PM 2.31 1.45 0.87 103.74 0.79 0.84 0.87 0.90 0.94
8-Jul 8:00 PM 1.98 2.37 -0.40 100.25 -0.48 -0.43 -0.40 -0.37 -0.32
8-Jul 9:00 PM 1.71 217 -0.46 95.16 -0.54 -0.49 -0.46 -0.43 -0.38
8-Jul 10:00 PM 1.44 1.79 -0.35 91.61 -0.42 -0.38 -0.35 -0.31 -0.27
8-Jul 11:00 PM 1.03 1.30 -0.27 88.21 -0.34 -0.30 -0.27 -0.24 -0.20
8-Jul 12:00 AM 0.74 0.93 -0.19 86.05 -0.25 -0.21 -0.19 -0.17 -0.13
Estimated Estimated Uncertainty Adjusted Load Impact (kW per AC Unith)
X Reference Bt ey Load Impact
Daily | | gaq (kwh | 202 KWh 4wk per ac|  Cooling
Summary | oo ac Unity | PeMAC UMD | iy Degree |10t 30th 50th 70th 90th
Date Hours percentile percentile percentile percentile percentile
8-Jul 24.24 21.34 2.90 371.30 1.58 2.36 2.90 3.43 4.21
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6.1.2 Ex Post Impacts by Type of Device

Load impacts were calculated separately for each device type. At time of system peak, the
average Switch produced a demand reduction of 0.91 kW, compared to 0.72 kW for PCTs. The
largest demand reductions were at hour ending 6 PM, when it is estimated that Switches yielded
average demand reductions of 0.94 kW, compared to 0.80 kW for PCTs. This is illustrated in
Figure 6-2, Table 6-2, and Table 6-3.

Because there are more installed Switches than PCTs, their program-wide impact at time of
system peak would have been about 44.6 MW for Switches, and about 10.8 MW for PCTs.

Figure 6-2
SmartAC Ex Post Estimated Reference Load and Event Day Load at Time of System Peak
by Device Type - July 8, 2008
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Table 6-2
SmartAC Peak Day Ex Post Average Unit Impact Estimates by Device Type: Switches
July 8, 2008

PG&E SmartAC™ 2008 ex post estimates
Group: Control: Switch View: Unit (kW)
Estimated Estimated Weighted Uncertainty Adjusted Load Impact (kW per AC Unit)
Date Event Day
(Year Hqur Reference Load (kW per Load Impact Average
2008) Ending |Load (kW perl ™ Ac Unit) (kW per AC | Temperature 10th. 30th. SOth. 70th . 90th.
AC Unit) Unit) (°F) percentile percentile percentile percentile percentile
8-Jul 1:00 AM 0.52 0.47 0.05 82.56 -0.01 0.03 0.05 0.07 0.11
8-Jul 2:00 AM 0.34 0.32 0.02 80.19 -0.03 0.00 0.02 0.04 0.07
8-Jul 3:00 AM 0.25 0.22 0.03 78.22 0.00 0.02 0.03 0.05 0.07
8-Jul 4:00 AM 0.19 0.18 0.01 76.58 -0.03 -0.01 0.01 0.02 0.04
8-Jul 5:00 AM 0.15 0.14 0.01 75.88 -0.02 0.00 0.01 0.02 0.04
8-Jul 6:00 AM 0.11 0.14 -0.03 74.66 -0.05 -0.04 -0.03 -0.01 0.00
8-Jul 7:00 AM 0.09 0.14 -0.05 73.25 -0.08 -0.06 -0.05 -0.04 -0.02
8-Jul 8:00 AM 0.11 0.15 -0.04 76.13 -0.06 -0.05 -0.04 -0.03 -0.01
8-Jul 9:00 AM 0.22 0.23 -0.01 81.31 -0.05 -0.03 -0.01 0.00 0.02
8-Jul 10:00 AM 0.39 0.35 0.05 86.65 0.00 0.03 0.05 0.07 0.09
8-Jul 11:00 AM 0.60 0.57 0.03 92.06 -0.03 0.01 0.03 0.06 0.09
8-Jul 12:00 PM 0.92 0.90 0.02 96.50 -0.05 -0.01 0.02 0.06 0.10
8-Jul 1:00 PM 1.27 1.25 0.02 99.60 -0.08 -0.02 0.02 0.06 0.12
8-Jul 2:00 PM 1.51 0.94 0.57 102.31 0.49 0.54 0.57 0.60 0.65
8-Jul 3:00 PM 1.79 1.10 0.69 104.35 0.60 0.66 0.69 0.73 0.78
8-Jul 4:00 PM 211 1.21 0.89 105.69 0.80 0.86 0.89 0.93 0.99
8-Jul 5:00 PM 2.20 1.29 0.91 106.56 0.81 0.87 0.91 0.95 1.00
8-Jul 6:00 PM 2.31 1.37 0.94 105.68 0.84 0.90 0.94 0.98 1.04
8-Jul 7:00 PM 2.30 1.41 0.89 103.43 0.80 0.85 0.89 0.93 0.98
8-Jul 8:00 PM 1.95 2.38 -0.43 99.91 -0.53 -0.47 -0.43 -0.38 -0.32
8-Jul 9:00 PM 1.72 2.17 -0.45 94.86 -0.55 -0.49 -0.45 -0.42 -0.36
8-Jul 10:00 PM 1.45 1.81 -0.36 91.32 -0.46 -0.40 -0.36 -0.32 -0.27
8-Jul 11:00 PM 1.02 1.30 -0.28 87.91 -0.37 -0.32 -0.28 -0.24 -0.19
8-Jul 12:00 AM 0.72 0.90 -0.18 85.73 -0.25 -0.21 -0.18 -0.15 -0.11
Estimated Estimated Uncertainty Adjusted Load Impact (kW per AC Unith)
i Reference Bt ey Load Impact
Daily | | g (kwh | 222 KWH 1wk per ac|  Cooling
Summary | oo ac Unity | PeMAC UND | iy Degree |10t 30th 50th 70th 90th
Date Hours percentile percentile percentile percentile percentile
8-Jul 24.25 20.93 3.31 365.72 1.69 2.65 3.31 3.98 4.94
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Table 6-3
SmartAC Peak Day Ex Post Average Unit Impact Estimates by Device Type: Thermostats
July 8, 2008

PG&E SmartAC™ 2008 ex post estimates
Group: Control: PCT View: Unit (kW)
Estimated Estimated Weighted Uncertainty Adjusted Load Impact (kW per AC Unit)
Date Event Day
(Year Hqur Reference Load (kW per Load Impact Average
2008) Ending |Load (kW perl ™ Ac Unit) (kW per AC | Temperature 10th. 30th. SOth. 70th . 90th.
AC Unit) Unit) (°F) percentile percentile percentile percentile percentile
8-Jul 1:00 AM 0.58 0.59 -0.01 84.17 -0.08 -0.04 -0.01 0.01 0.05
8-Jul 2:00 AM 0.39 0.43 -0.04 82.06 -0.10 -0.06 -0.04 -0.01 0.02
8-Jul 3:00 AM 0.26 0.34 -0.08 80.17 -0.15 -0.11 -0.08 -0.06 -0.02
8-Jul 4:00 AM 0.19 0.24 -0.05 78.30 -0.09 -0.07 -0.05 -0.03 -0.01
8-Jul 5:00 AM 0.17 0.17 0.00 77.51 -0.03 -0.01 0.00 0.02 0.04
8-Jul 6:00 AM 0.15 0.14 0.00 76.16 -0.02 -0.01 0.00 0.02 0.03
8-Jul 7:00 AM 0.13 0.14 -0.02 74.40 -0.06 -0.03 -0.02 0.00 0.02
8-Jul 8:00 AM 0.15 0.19 -0.03 77.33 -0.07 -0.05 -0.03 -0.02 0.00
8-Jul 9:00 AM 0.24 0.26 -0.02 82.29 -0.07 -0.04 -0.02 0.00 0.02
8-Jul 10:00 AM 0.42 0.39 0.03 87.32 -0.03 0.00 0.03 0.05 0.08
8-Jul 11:00 AM 0.58 0.61 -0.03 92.24 -0.10 -0.06 -0.03 0.00 0.04
8-Jul 12:00 PM 0.85 0.92 -0.07 96.47 -0.15 -0.10 -0.07 -0.04 0.01
8-Jul 1:00 PM 1.13 1.28 -0.16 99.61 -0.24 -0.19 -0.16 -0.12 -0.07
8-Jul 2:00 PM 1.39 1.07 0.33 102.30 0.25 0.29 0.33 0.36 0.40
8-Jul 3:00 PM 1.67 1.27 0.40 104.40 0.31 0.36 0.40 0.43 0.49
8-Jul 4:00 PM 1.94 1.39 0.55 105.65 0.45 0.51 0.55 0.59 0.64
8-Jul 5:00 PM 222 1.51 0.72 106.91 0.61 0.67 0.72 0.76 0.82
8-Jul 6:00 PM 2.35 1.56 0.80 106.39 0.69 0.75 0.80 0.84 0.90
8-Jul 7:00 PM 2.36 1.58 0.78 104.75 0.68 0.74 0.78 0.82 0.88
8-Jul 8:00 PM 2.05 2.37 -0.32 101.36 -0.42 -0.36 -0.32 -0.27 -0.21
8-Jul 9:00 PM 1.69 2.17 -0.48 96.15 -0.59 -0.52 -0.48 -0.43 -0.37
8-Jul 10:00 PM 1.44 1.73 -0.29 92.58 -0.39 -0.33 -0.29 -0.25 -0.19
8-Jul 11:00 PM 1.06 1.31 -0.25 89.18 -0.35 -0.29 -0.25 -0.21 -0.15
8-Jul 12:00 AM 0.79 1.01 -0.22 87.12 -0.31 -0.26 -0.22 -0.19 -0.14
Estimated Estimated Uncertainty Adjusted Load Impact (kW per AC Unith)
i Reference Bt ey Load Impact
Daily | | g (kwh | 222 KWH 1wk per ac|  Cooling
Summary | oo ac Unity | PeMAC UND | iy Degree |10t 30th 50th 70th 90th
Date Hours percentile percentile percentile percentile percentile
8-Jul 24.22 22.69 1.53 377.96 -0.25 0.80 1.53 2.26 3.31
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6.1.3  Ex Post Impacts by Load Control Area®

Load impacts are calculated separately for each load control area (LCA) where SmartAC was
active in 2008. We estimated load impacts for the Greater Bay Area, Greater Fresno, and
Stockton.

At time of system peak, the highest savings per unit are in the Greater Bay Area, at about 1 kW
per unit. The savings in Stockton are estimated at 0.90 kW, and in Fresno, at 0.70 kW per unit,
respectively. This is illustrated in Figure 6-3, and Table 6-4 thru Table 6-6.

It is noteworthy that on the day of the system peak (the hottest day of the year for SmartAC
enrollees), the temperatures in the Greater Bay Area exceeded those in Stockton for the on-
peak hours. At time of system peak, the weighted average temperature was actually higher in
the Greater Bay Area than in Greater Fresno. Weighted temperatures for these three areas are
illustrated in Figure 6-4.

It is estimated than a program-wide event would have contributed about 26 MW from the
Greater Bay Area, 12 MW from Greater Fresno, and 6 MW from Stockton. Program-wide
estimates by LCA are reported in Appendix D.

% A Local Capacity Requirement (or LCR) exists for each transmission-constrained area (i.e., each load
pocket) identified by the CAISO within an IOU's service area. This report uses the term "Local Capacity
Area" (or LCA) to refer to each of those areas.
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Figure 6-3
SmartAC Ex Post Estimated Reference Load and Event Day Load at Time of System Peak
by Load Control Area - July 8, 2008
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Figure 6-4
SmartAC Weighted Temperatures by Load Control Area
July 8, 2008
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Table 6-4
SmartAC Peak Day Ex Post Average Unit Impact Estimates by Load Control Area:
Greater Fresno

July 8, 2008
PG&E SmartAC™ 2008 ex post estimates
Group: LCA: Greater Fresno View: Unit (kW)

Estimated Estimated Weighted Uncertainty Adjusted Load Impact (kW per AC Unit)
Date Event Day
(Year Hoyr Reference Load (kW per] Load Impact | Average
2008) Ending |Load (kV\{ perl A Unit) (kW per AC | Temperature 10th‘ 3OthA 50th_ 70th . 90th‘

AC Unit) Unit) (°F) percentile percentile percentile percentile percentile
8-Jul 1:00 AM 0.72 0.60 0.13 87.97 0.05 0.10 0.13 0.16 0.20
8-Jul 2:00 AM 0.50 0.40 0.10 85.59 0.04 0.08 0.10 0.13 0.16
8-Jul 3:00 AM 0.41 0.32 0.08 84.08 0.03 0.06 0.08 0.11 0.14
8-Jul 4:00 AM 0.29 0.26 0.03 81.56 -0.01 0.01 0.03 0.05 0.07
8-Jul 5:00 AM 0.24 0.25 -0.01 80.60 -0.07 -0.03 -0.01 0.02 0.06
8-Jul 6:00 AM 0.22 0.23 -0.02 78.68 -0.08 -0.04 -0.02 0.01 0.05
8-Jul 7:00 AM 0.19 0.31 -0.12 77.84 -0.19 -0.15 -0.12 -0.09 -0.05
8-Jul 8:00 AM 0.24 0.26 -0.02 80.45 -0.07 -0.04 -0.02 -0.01 0.02
8-Jul 9:00 AM 0.37 0.35 0.01 85.35 -0.05 -0.01 0.01 0.04 0.08
8-Jul 10:00 AM 0.56 0.55 0.01 90.24 -0.06 -0.02 0.01 0.04 0.08
8-Jul  11:00 AM 0.72 0.79 -0.08 94.18 -0.17 -0.11 -0.08 -0.04 0.02
8-Jul  12:00 PM 1.08 1.15 -0.07 97.76 -0.18 -0.11 -0.07 -0.02 0.04
8-Jul 1:00 PM 1.31 1.58 -0.27 100.42 -0.38 -0.31 -0.27 -0.22 -0.16
8-Jul 2:00 PM 1.65 1.37 0.28 103.80 0.19 0.25 0.28 0.32 0.38
8-Jul 3:00 PM 1.97 1.54 0.43 106.28 0.32 0.38 0.43 0.47 0.54
8-Jul 4:00 PM 2.23 1.61 0.62 106.88 0.50 0.57 0.62 0.67 0.74
8-Jul 5:00 PM 2.41 1.74 0.68 109.30 0.55 0.63 0.68 0.73 0.80
8-Jul 6:00 PM 2.52 1.79 0.73 109.35 0.61 0.68 0.73 0.78 0.85
8-Jul 7:00 PM 2.48 1.82 0.67 108.03 0.55 0.62 0.67 0.71 0.78
8-Jul 8:00 PM 2.29 2.59 -0.31 105.36 -0.42 -0.35 -0.31 -0.26 -0.20
8-Jul 9:00 PM 1.93 2.40 -0.46 101.14 -0.58 -0.51 -0.46 -0.42 -0.35
8-Jul  10:00 PM 1.68 1.98 -0.29 97.71 -0.41 -0.34 -0.29 -0.25 -0.18
8-Jul  11:00 PM 1.26 1.59 -0.34 93.82 -0.45 -0.38 -0.34 -0.29 -0.22
8-Jul 12:00 AM 0.96 1.23 -0.27 92.21 -0.37 -0.31 -0.27 -0.23 -0.17

Estimated Event Day Estimated Uncertainty Adjusted Load Impact (kW per AC Unith)

Daily I_Ro‘jgrg&f/i Load (kWh ('l‘(‘z;ﬁ 'mpi\cé Cooling
. per
Summary | oo ac Unity | PE"AC Unit Unit) Degree  |10th 30th 50th 70th 90th
Date Hours percentile percentile percentile percentile percentile
8-Jul 28.22 26.70 1.51 438.75 -0.66 0.62 1.51 2.40 3.69
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Table 6-5
SmartAC Peak Day Ex Post Average Unit Impact Estimates by Load Control Area:
Stockton

July 8, 2008
PG&E SmartAC™ 2008 ex post estimates
Group: LCA: Stockton View: Unit (kW)
Estimated Estimated Weighted Uncertainty Adjusted Load Impact (kW per AC Unit)
Date Event Day
(Year Hoyr Reference Load (kW per] Load Impact | Average
2008) Ending |Load (kV\{ perl A Unit) (kW per AC | Temperature 10th‘ 3OthA 50th_ 70th . 90th‘
AC Unit) Unit) (°F) percentile percentile percentile percentile percentile
8-Jul 1:00 AM 0.51 0.50 0.01 84.98 -0.07 -0.03 0.01 0.04 0.09
8-Jul 2:00 AM 0.38 0.38 -0.01 83.98 -0.07 -0.03 -0.01 0.02 0.06
8-Jul 3:00 AM 0.26 0.26 0.00 82.48 -0.05 -0.02 0.00 0.02 0.05
8-Jul 4:00 AM 0.20 0.25 -0.05 79.98 -0.10 -0.07 -0.05 -0.03 0.01
8-Jul 5:00 AM 0.16 0.14 0.02 79.48 -0.02 0.00 0.02 0.04 0.06
8-Jul 6:00 AM 0.11 0.14 -0.03 78.48 -0.06 -0.04 -0.03 -0.02 0.00
8-Jul 7:00 AM 0.09 0.10 -0.01 74.48 -0.05 -0.03 -0.01 0.00 0.02
8-Jul 8:00 AM 0.12 0.16 -0.03 77.98 -0.07 -0.05 -0.03 -0.01 0.01
8-Jul 9:00 AM 0.18 0.22 -0.04 81.48 -0.09 -0.06 -0.04 -0.02 0.02
8-Jul 10:00 AM 0.31 0.31 0.00 84.98 -0.07 -0.03 0.00 0.03 0.07
8-Jul 11:00 AM 0.43 0.45 -0.02 87.98 -0.11 -0.06 -0.02 0.02 0.07
8-Jul 12:00 PM 0.63 0.72 -0.08 91.98 -0.17 -0.12 -0.08 -0.05 0.00
8-Jul 1:00 PM 1.07 1.09 -0.02 95.98 -0.12 -0.06 -0.02 0.03 0.09
8-Jul 2:00 PM 1.30 0.77 0.53 97.98 0.41 0.48 0.53 0.58 0.65
8-Jul 3:00 PM 1.53 0.98 0.55 99.98 0.41 0.49 0.55 0.60 0.68
8-Jul 4:00 PM 1.75 1.07 0.68 101.48 0.55 0.63 0.68 0.73 0.80
8-Jul 5:00 PM 2.04 1.14 0.90 102.98 0.77 0.85 0.90 0.95 1.03
8-Jul 6:00 PM 212 1.31 0.81 103.48 0.68 0.75 0.81 0.86 0.94
8-Jul 7:00 PM 224 1.35 0.89 103.98 0.75 0.83 0.89 0.94 1.02
8-Jul 8:00 PM 1.95 2.37 -0.42 99.98 -0.57 -0.48 -0.42 -0.36 -0.27
8-Jul 9:00 PM 1.65 2.09 -0.45 93.98 -0.56 -0.49 -0.45 -0.40 -0.33
8-Jul 10:00 PM 1.37 1.71 -0.34 91.48 -0.46 -0.39 -0.34 -0.29 -0.21
8-Jul 11:00 PM 0.95 1.19 -0.24 88.98 -0.37 -0.29 -0.24 -0.19 -0.12
8-Jul 12:00 AM 0.69 0.83 -0.14 86.48 -0.24 -0.18 -0.14 -0.10 -0.04
Estimated Event Day Estimated Uncertainty Adjusted Load Impact (kW per AC Unith)
Daily I_Ro‘jgrg&f/i Load (kWh ('l‘(‘z;ﬁ 'mpi\cé Cooling
. per
Summary | oo ac Unity | PE"AC Unit Unit) Degree  |10th 30th 50th 70th 90th
Date Hours percentile percentile percentile percentile percentile
8-Jul 22.03 19.54 2.50 356.00 0.31 1.60 2.50 3.39 4.69
Pacific Gas & Electric SmartAC™ 6-11

2008 Residential Load Impact Evaluation March 31, 2009



KEMAX

Table 6-6
SmartAC Peak Day Ex Post Average Unit Impact Estimates by Load Control Area:
Greater Bay Area

July 8, 2008
PG&E SmartAC™ 2008 ex post estimates
Group: LCA: Greater Bay Area View: Unit (kW)

Estimated Estimated Weighted Uncertainty Adjusted Load Impact (kW per AC Unit)
Date Event Day
(Year Hoyr Reference Load (kW per] Load Impact | Average
2008) Ending |Load (kV\{ per| AC Unit) (kW pgr AC | Temperature 10th‘ 3OthA 50th_ 70th . 90th‘

AC Unit) Unit) (°F) percentile percentile percentile percentile percentile
8-Jul 1:00 AM 0.41 0.45 -0.04 77.32 -0.11 -0.07 -0.04 -0.01 0.04
8-Jul 2:00 AM 0.23 0.29 -0.06 73.93 -0.14 -0.09 -0.06 -0.03 0.01
8-Jul 3:00 AM 0.14 0.19 -0.05 71.25 -0.11 -0.07 -0.05 -0.02 0.02
8-Jul 4:00 AM 0.12 0.12 0.00 70.85 -0.05 -0.02 0.00 0.02 0.05
8-Jul 5:00 AM 0.08 0.07 0.01 70.14 -0.02 0.00 0.01 0.02 0.04
8-Jul 6:00 AM 0.06 0.07 -0.01 69.18 -0.03 -0.02 -0.01 0.00 0.01
8-Jul 7:00 AM 0.06 0.07 -0.01 69.28 -0.04 -0.02 -0.01 0.01 0.02
8-Jul 8:00 AM 0.04 0.08 -0.03 71.86 -0.06 -0.04 -0.03 -0.02 -0.01
8-Jul 9:00 AM 0.15 0.18 -0.02 78.53 -0.07 -0.04 -0.02 -0.01 0.02
8-Jul 10:00 AM 0.37 0.29 0.08 85.56 0.02 0.05 0.08 0.10 0.14
8-Jul 11:00 AM 0.66 0.54 0.12 93.80 0.03 0.08 0.12 0.15 0.21
8-Jul 12:00 PM 0.99 0.86 0.14 99.11 0.02 0.09 0.14 0.19 0.26
8-Jul 1:00 PM 1.33 1.16 0.17 101.79 -0.01 0.09 0.17 0.24 0.34
8-Jul 2:00 PM 1.55 0.84 0.71 104.57 0.58 0.66 0.71 0.76 0.84
8-Jul 3:00 PM 1.84 0.98 0.87 106.34 0.74 0.81 0.87 0.92 0.99
8-Jul 4:00 PM 2.27 1.15 1.12 108.01 0.98 1.06 1.12 117 1.25
8-Jul 5:00 PM 2.22 1.22 1.01 107.45 0.86 0.95 1.01 1.06 1.15
8-Jul 6:00 PM 2.37 1.25 1.12 104.93 0.95 1.05 1.12 1.18 1.28
8-Jul 7:00 PM 2.27 1.27 1.00 100.02 0.87 0.95 1.00 1.06 1.14
8-Jul 8:00 PM 1.76 2.25 -0.48 96.38 -0.64 -0.55 -0.48 -0.42 -0.33
8-Jul 9:00 PM 1.60 2.10 -0.50 91.42 -0.65 -0.56 -0.50 -0.43 -0.34
8-Jul 10:00 PM 1.36 1.77 -0.41 86.92 -0.56 -0.47 -0.41 -0.35 -0.25
8-Jul 11:00 PM 0.98 1.20 -0.23 83.18 -0.36 -0.28 -0.23 -0.17 -0.09
8-Jul 12:00 AM 0.65 0.82 -0.16 80.96 -0.28 -0.21 -0.16 -0.12 -0.05

Estimated Event Day Estimated Uncertainty Adjusted Load Impact (kW per AC Unith)

Daily I_Ro‘jgrg&f/i Load (kWh ('l‘(‘z;ﬁ 'mpi\cé Cooling
. per
Summary | oor ac Unity | PerAC Uit Unit) Degree  [10th 30th 50th 70th 90th
Date Hours percentile percentile percentile percentile percentile
8-Jul 23.52 19.19 4.33 318.89 1.94 3.35 4.33 5.31 6.72
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6.1.4 Comparison to load impact estimates at time of the 2007 system
peak

Since 2008 was the second year of the Smart AC program, it is natural to ask whether the 2008
impacts are higher or lower than would be expected based on the 2007 findings, and why.

This question has a complex answer. Even establishing what results from the two years can be
compared is not straightforward. The two years had different weather streams, different dispatch
days, and different timing of the system peak.

The 2007 impact report was written prior to the Protocols. A corollary is that ex ante estimates
for standard weather conditions were not developed for the 2007 study, to be compared with
corresponding 2008 ex ante estimates. Below, we identify the comparisons that are most useful
and meaningful, and discuss the factors that contribute to the observed differences on this
basis.

The general conclusions from this comparison are the following:
e Differences between the 2007 and 2008 results reflect several factors:

— Different weather

— Different hour of day of the system peak

— Different timing of program dispatch

— Substantial differences in the participant populations for the two years
— Different control strategy for PCTs

— Possible changes in general behavior over the two years

— Possible changes in participant behavior related to frequent control events over
two years

— Random differences in the study samples
— Systematic differences in the model structures used
— Different treatment of power factor in 2008.

¢ Controlling for weather, timing, sample, control technology, and power factor, we still
found that the 2008 estimates to be lower than those for 2007 for the extreme days
surrounding the system peak day.

e The 2007 reference loads for the extreme days appear to be overstated. As a result,
2007 ex post savings are likely overstated for those days.

Pacific Gas & Electric SmartAC™ 6-13
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o Some of the difference may also reflect general behavioral changes across the
population from 2007 to 2008, or changes among sample participants after a full year of
frequent controls events.

e The 2008 model was more extensively tested and refined than the 2007 model. Thus,
the 2008 results are more accurate and reliable. Random errors and the potential for
further refinement remain.

6.1.4.1 Direct comparison of ex post findings for the system peak day

The savings of greatest interest are those on the peak day. Starting with the impacts that
appear in the two reports, we look at ex post impacts for the peak hour in 2007 and in 2008.

In 2007 there was no event called on the system peak day, August 29. However, the four days
spanning the day before the system peak and two days after the system peak were the hottest
days of the summer, and events were called on three days of these four days. The 2007 report
provided ex post estimates of savings for each of these event days. Based on the trends across
the three days, the report also projected savings for the system peak day, had an event been
called. The interpolated estimate given in the 2007 impact report was 0.88 kW per unit at the
system peak hour, 5 PM.

The 2008 impact at the peak hour of the peak day, 4 PM, was somewhat lower, 0.81 kW per
unit. The lower impact compared to 2007 stems in part from the earlier system peak for 2008.
Residential demand response impacts are, in general, lower at 4 PM compared to 5 PM. For
2008, the estimated impact at 5 PM on the system peak day was 0.87 kW per unit, very close to
the 2007 result for that hour of the peak day. On this basis, the results for the two years appear
to be close.”

However, this direct comparison omits several factors that need to be considered to provide an
appropriate assessment. First, the weather was not the same on the system peak days for the
two years. Second, the 2008 results include a power factor adjustment that was not used in the

" The 2007 report also provided the lowest 5 PM ex post savings across the 3 event days, 0.78 kW per
unit, on August 28, and the highest, 1.23 kW per unit, on August 31. One might assume that the savings
on the peak day would be the highest savings observed. However, as noted in the 2007 report, residential
air conditioner usage and corresponding impacts appear to increase during a multiple-day heat wave,
even as temperatures drop during the latter days of the heat wave. A similar pattern was observed in
2008.
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2007 analysis®. Third, the 2008 results include participants from three climate zones®®, while
the 2007 results are based on a sample of early Stockton participants only. Some additional
steps are therefore needed to provide an “apples to apples” comparison.

6.1.4.2 Comparison of 2007 and 2008 savings on a consistent basis
To provide a consistent basis for comparison, we applied the following steps:

1. We calculated the savings for the event day before and the two event days after the
2007 peak day, using the 2008 ex ante model with the 2007 weather for those days.

2. We applied the average power factor determined in 2008 to the 2007 ex post results.

3. We restricted attention to switches, because the 2008 ex ante PCT model was
developed only for the fixed 50% cycling strategy used in 2008, not for the ramped
thermostat re-set used in 2007.

For all three event days surrounding the 2007 peak day, the impact estimate based on the
adjusted 2007 model was higher than that from the corresponding 2008 ex ante estimate. Thus,
the 2007 model provides higher impact estimates than the 2008 model, for the same population,
control technology, weather conditions and power factor treatment. This relationship is not
necessarily true across all conditions, but is true for the extreme days around the system peak.
This is illustrated in Table 6-7.

The higher impact estimates in the 2007 report reflect higher reference load using the 2007
model compared to those from the 2008 ex ante model. Re-examination of results for 2007
indicates that the correspondence between the modeled and observed loads outside control
periods was more erratic in general for the 2007 model than was true for the 2008 modeled and
observed loads. The 2007 modeling approach provided reasonable fits overall, but was less
consistent than the 2008 model in aligning with actual loads across hours, temperature
conditions, and days. The 2007 model used a nonlinear structure (the Tobit model) that

28 For the 2008 M&V, KEMA changed the formula used to compute kW from metered amps to include a
power factor calculated individually for each site. This follows an industry trend in the computation of kW
from amp loggers that acknowledges the importance of this variable in calculating kW. Applying a power
factor adjustment to the 2007 load impact estimates would result in overall reductions of about 15% in all
2007 estimates (reference load, event load, and load impacts).

* This analysis is based on PG&E’s baseline-based climate zones. There are four such climate zones.
SmartAC is primarily deployed in three of them.
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accounts appropriately for the limits on air conditioner capacity, but the model used only one
independent variable, temperature. The 2008 model was more extensively refined, and
accounted for variation related to day type, humidity, month, and lagged temperature effects.

Table 6-7
Comparison of 2007 Ex Post Load Impact Estimates to 2008 Ex Ante Load Impact

Estimates Using 2007 Weather (*)

2008 ex ante model | 2008 ex ante model
2007 Reported ex using 2007 weather. | using 2007 weather.
post savings, adjusted] Assumes perfect Assumes blended
for power factor adaptive cycling. adaptive cycling.
(kW/unit for Stockton | (kW/unit for Climate | (kW/unit for Climate
area) Zone S) Zone S)
Date 8/28/2007] 8/30/2007] 8/28/2007| 8/30/2007] 8/28/2007] 8/30/2007
Hour Ending
4 PM 0.77 0.87 0.50 0.87 0.35 0.68
5PM 0.82 1.06 0.69 1.00 0.52 0.82
6 PM 0.91 1.1 0.78 1.09 0.61 0.93
Average 0.83 1.01 0.66 0.99 0.49 0.81

(*) “Perfect adaptive cycling” refers to adaptive cycling that is a true 50% reduction compared to
uncontrolled days of similar temperature. “Blended adaptive cycling” refers to a mix of adaptive
and straight cycling that was observed in the 2008 sample. Details about this blend are
presented in the Methodology section.

Comparison of 2007 modeled and actual loads on August 28 and 31 clearly shows some
overstatement in the model. For August 30, however, the model fit looks reasonable before and
after the control event. The 2008 ex ante load impacts are still roughly 30 percent lower than
those from the 2007 model, a greater difference than would be expected due to random error.
Note that a modest difference in reference loads can translate into a large difference in impacts.
Possible reasons for this difference include:

e General reductions in usage across the population. Several utilities have reported
declining consumption in the summer of 2008, unrelated to weather.

e Changing usage patterns among second year participants. In particular, customers who
experienced controls on 3 of the 4 days of the hottest period of the 2007 summer may
have started cooling their homes more during the day in 2008, to reduce discomfort in
the event of an afternoon control event. In addition, the economic downturn over this
period hit the Stockton area particularly hard.
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6.2 Ex Ante Estimates of Load Impact at the Time of System
Peak

Unlike ex post estimates, which are reported at the AC unit level, ex ante estimates are reported
at the premise level. On average, SmartAC program participants have 1.1 ACs per premise.

This study found no response rates of 2.3% for switches and 6.2% for PCTs*°. For the
estimation of ex ante PCT estimates, we assumed a no response rate of 3%, which is
consistent with PG&E’s current efforts to improve the thermostats’ response rates.

Ex ante load impacts were estimated separately for each combination of device and climate
zone, for the 1-in-2 and 1-in-10 year weather conditions®'. This was done to facilitate combining
these estimates with the SmartAC enrollment forecast that was produced independently of this
study. This section focuses on the impacts for switches in climate zones R, S, and X2, at time
of their projected highest impacts under the conditions dictated by these two years. Forecasts
for other months, and for thermostats, are provided in the electronic ex ante appendix provided
with this report®.

The relative magnitude of the load impact varies from climate zone to climate zone, depending
on the year:

¢ In 1-in-10, climate zones X and R achieve maximum load impact in July. Climate zone S
achieves maximum load impact in June.

¢ In 1-in-2, climate zone X has its highest forecasted impact in September, while the
impacts for climate zone R peak in August. Climate zone S has equally high load
impacts in August and September.

¥ See Appendix C “No Response Analysis” for more details.

¥ PG&E selected year 2004 to represent the 1-in-2 weather conditions, and 2003 to represent 1-in-10.
%2 Climate zone R is represented by the Greater Fresno area, climate zone S by Stockton, and climate
zone X by the Greater Bay Area. Ex ante impacts were estimated for climate zone T (coastal areas —
PG&E'’s coolest climate zone) and reported in the electronic file provided with this report. Because they
are very low compared to those of the other three climate zones, they are not included in this discussion.
% The file name is <FINAL SmartAC 2008 ex ante impacts per SAID.xIs>
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The timing of the maximum load impact is roughly consistent with the California Independent
System Operator’s (CAISO) reported system peaks, on July 17, 2003 (1-in-10) and September
8, 2004 (1-in-2)**. From 1998 to 2007, 2004 was the only year that the CAISO peaked in
September. All other peaks occurred in July and August.

Figure 6-5 and Figure 6-6 illustrate the differences among the climate zones in year 1-in-2. The
first figure illustrates switch load impact at time of system peak (month of September), for three
of the climate zones. While climate zone R has the highest of all impacts, the maximum load
impact for this climate zone in year 1-in-2 is not in September. The second figure illustrates
switch load impact at time of system peak in July, August, and September, also for climate zone
R. In ex ante, this climate zone peaks in August instead of September.

Table 6-8 and Table 6-9 present the full set of ex ante estimates for climate zone R, at the time
of highest impact in years 1-in-2 and 1-in-10, respectively. It is estimated that the average
program participant in climate zone R can provide up to 1.1 kW of load relief at time of system
peak under these weather conditions.

Figure 6-7 compares the large differences between the highest impacts forecasted for years 1-
in-2 and 1-in-10:

o Climate zone R displays the smallest of these differences. The maximum load impact is
reached in August for year 1-in-2, and in July for year 1-in-10. There is an average
difference of about 7% in the load impacts for these two years.

¢ In sharp contrast, in climate zone S the forecasted load impact in 1-in-10 (June) is twice
as much as that in 1-in-2 (August).

¢ Inclimate zone X the difference between 1-in-10 (July) and 1-in-2 (September) is about
35% - not quite as high as with climate zone S, but still much higher than with climate
zone R.

% Source of CAISO system peak dates: http://www.caiso.com/1fb4/1fb4af6c73260.pdf

It is of course possible that PG&E’s system peak did not coincide with the CAISO’s. For example, in
2008, the CAISO peaked on July 7, while PG&E peaked on July 8. Nevertheless, the CAISO’s peaks
provide a reasonable reference for this discussion.
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Figure 6-5
SmartAC Ex Ante Estimated Reference Load and Event Day Load
September System Peak (Year Type: 1-in-2)
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Figure 6-6

SmartAC Ex Ante Estimated Reference Load and Event Day Load
Climate Zone R
(Year Type: 1-in-2)
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Figure 6-7

SmartAC Ex Ante Estimated Reference Load and Event Day Load

(Year Type: 1-in-2 Vs 1-in-10)
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Figure 6-7 (continued)
SmartAC Ex Ante Estimated Reference Load and Event Day Load
(Year Type: 1-in-2 Vs 1-in-10)
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Table 6-8

SmartAC Peak Day Ex Ante Average Premise Impact Estimates:
Switches in Climate Zone R

Month: August - Year Type: 1-in-2

PG&E SmartAC™ 2008 ex ante estimates PER PARTICIPATING PREMISE (SAID)
Control: Switch 1in 2 year Climate Zone R
Estmated | g o Estimated - - )
Reference Y | Load Impact| Weighted Uncertainty Adjusted Load Impact (kW per Service Agreement - SA_ID)
Load (kW per
Date Hour |Load (kW per| Service (KW per Average
Ending Service Service Temperature 10th 30th 50th 70th 90th
Agreement - - . . . . o
Agreement - SA_ID) Agreement - (°F) percentile percentile percentile percentile percentile
SA D) - SA D)
August Peak 1:00 AM 0.48 0.48 0.00 84.04 0.00 0.00 0.00 0.00 0.00
August Peak 2:00 AM 0.32 0.32 0.00 81.11 0.00 0.00 0.00 0.00 0.00
August Peak 3:00 AM 0.20 0.20 0.00 76.72 0.00 0.00 0.00 0.00 0.00
August Peak 4:00 AM 0.12 0.12 0.00 74.81 0.00 0.00 0.00 0.00 0.00
August Peak 5:00 AM 0.10 0.10 0.00 74.31 0.00 0.00 0.00 0.00 0.00
August Peak 6:00 AM 0.12 0.12 0.00 73.68 0.00 0.00 0.00 0.00 0.00
August Peak 7:00 AM 0.10 0.10 0.00 73.50 0.00 0.00 0.00 0.00 0.00
August Peak 8:00 AM 0.13 0.13 0.00 75.97 0.00 0.00 0.00 0.00 0.00
August Peak 9:00 AM 0.22 0.22 0.00 81.46 0.00 0.00 0.00 0.00 0.00
August Peak 10:00 AM 0.30 0.30 0.00 85.48 0.00 0.00 0.00 0.00 0.00
August Peak 11:00 AM 0.46 0.46 0.00 90.40 0.00 0.00 0.00 0.00 0.00
August Peak 12:00 PM 0.74 0.74 0.00 93.62 0.00 0.00 0.00 0.00 0.00
August Peak 1:00 PM 1.00 1.00 0.00 96.74 0.00 0.00 0.00 0.00 0.00
August Peak 2:00 PM 1.46 1.46 0.00 100.86 0.00 0.00 0.00 0.00 0.00
August Peak 3:00 PM 1.79 1.11 0.68 103.44 0.58 0.64 0.68 0.72 0.78
August Peak 4:00 PM 223 1.31 0.91 105.50 0.80 0.87 0.91 0.96 1.02
August Peak 5:00 PM 243 1.43 1.00 108.43 0.89 0.95 1.00 1.05 1.1
August Peak 6:00 PM 2.53 1.46 1.07 108.47 0.95 1.02 1.07 1.11 1.18
August Peak 7:00 PM 2.45 2.78 -0.33 106.55 -0.28 -0.31 -0.33 -0.35 -0.38
August Peak 8:00 PM 2.27 2.60 -0.33 103.90 -0.28 -0.31 -0.33 -0.35 -0.38
August Peak 9:00 PM 1.88 2.13 -0.26 100.21 -0.22 -0.24 -0.26 -0.27 -0.29
August Peak 10:00 PM 1.51 1.73 -0.22 96.16 -0.19 -0.21 -0.22 -0.23 -0.25
August Peak 11:00 PM 1.12 1.26 -0.15 94.02 -0.12 -0.14 -0.15 -0.16 -0.17
August Peak 12:00 AM 0.75 0.75 0.00 90.04 0.00 0.00 0.00 0.00 0.00
EstimatedRef Estimated i Uncertainty Adjusted Load Impact (kWh)
i erence Load SREit okl Load Impact Cesliig
Daily Kwh) | Load. (wh) (kWh‘; Degree  |10th 30th 50th 70th 90th
Date Summary| Hours percentile percentile percentile percentile percentile
August Peak 24.70 22.32 2.38 360.10
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Table 6-9

SmartAC Peak Day Ex Ante Average Premise Impact Estimates
Switches in Climate Zone R

Month: July - Year Type: 1-in-10

PG&E SmartAC™ 2008 ex ante estimates PER PARTICIPATING PREMISE (SAID)
Control: Switch 1in 10 year Climate Zone R
Estmated | g o Estimated - - )
Reference Y | Load Impact| Weighted Uncertainty Adjusted Load Impact (kW per Service Agreement - SA_ID)
Load (kW per
Date Hour |Load (kW per| Service (KW per Average
Ending Service Service Temperature 10th 30th 50th 70th 90th
Agreement - - . . . . o
Agreement - SA_ID) Agreement - (°F) percentile percentile percentile percentile percentile
SA D) - SA ID)
July Peak 1:00 AM 0.51 0.51 0.00 84.79 0.00 0.00 0.00 0.00 0.00
July Peak 2:00 AM 0.36 0.36 0.00 83.63 0.00 0.00 0.00 0.00 0.00
July Peak 3:00 AM 0.31 0.31 0.00 83.06 0.00 0.00 0.00 0.00 0.00
July Peak 4:00 AM 0.19 0.19 0.00 80.20 0.00 0.00 0.00 0.00 0.00
July Peak 5:00 AM 0.18 0.18 0.00 79.23 0.00 0.00 0.00 0.00 0.00
July Peak 6:00 AM 0.18 0.18 0.00 78.18 0.00 0.00 0.00 0.00 0.00
July Peak 7:00 AM 0.18 0.18 0.00 77.66 0.00 0.00 0.00 0.00 0.00
July Peak 8:00 AM 0.22 0.22 0.00 80.59 0.00 0.00 0.00 0.00 0.00
July Peak 9:00 AM 0.30 0.30 0.00 84.65 0.00 0.00 0.00 0.00 0.00
July Peak 10:00 AM 0.44 0.44 0.00 88.59 0.00 0.00 0.00 0.00 0.00
July Peak 11:00 AM 0.66 0.66 0.00 92.65 0.00 0.00 0.00 0.00 0.00
July Peak 12:00 PM 0.97 0.97 0.00 96.81 0.00 0.00 0.00 0.00 0.00
July Peak 1:00 PM 1.35 1.35 0.00 99.92 0.00 0.00 0.00 0.00 0.00
July Peak 2:00 PM 1.66 1.66 0.00 102.96 0.00 0.00 0.00 0.00 0.00
July Peak 3:00 PM 2.00 1.21 0.79 105.50 0.69 0.75 0.79 0.83 0.90
July Peak 4:00 PM 2.36 1.40 0.96 107.49 0.85 0.92 0.96 1.01 1.08
July Peak 5:00 PM 2.56 1.49 1.07 108.07 0.96 1.02 1.07 1.11 1.18
July Peak 6:00 PM 2.62 1.52 1.10 108.58 0.99 1.06 1.10 1.15 1.21
July Peak 7:00 PM 2.54 2.89 -0.35 108.10 -0.31 -0.33 -0.35 -0.37 -0.40
July Peak 8:00 PM 2.29 2.64 -0.35 106.04 -0.31 -0.33 -0.35 -0.37 -0.40
July Peak 9:00 PM 1.90 2.17 -0.27 100.97 -0.24 -0.26 -0.27 -0.29 -0.31
July Peak 10:00 PM 1.58 1.82 -0.24 97.36 -0.20 -0.22 -0.24 -0.25 -0.27
July Peak 11:00 PM 1.23 1.39 -0.16 95.72 -0.14 -0.15 -0.16 -0.17 -0.18
July Peak 12:00 AM 0.87 0.87 0.00 93.23 0.00 0.00 0.00 0.00 0.00
EstimatedRef Estimated i Uncertainty Adjusted Load Impact (kWh)
i erence Load SREt okl Load Impact Cesliig
Daily Kwh) | Load. (wh) (kWh‘; Degree  |10th 30th 50th 70th 90th
Date Summary| Hours percentile percentile percentile percentile percentile
July Peak 27.46 24.91 2.55 415.81
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6.3 Validity Assessment of the Ex Post Estimates

6.3.1 Confidence Level

One of the goals of this evaluation was to achieve a statistical precision of 10 percent at 90
percent confidence (“90/10”), at time of system peak.

The ex post estimates for July 8, 2008 achieved a 10.6% precision at time of system peak at 4
pm, and 10.2% at 6 pm, the time of day when the load impact tends to be the highest.

Precision at time of system peak for several groups of interest is illustrated in the following table.

Table 6-10
Statistical Precision at Time of System Peak (July 8, 2008)
IE::‘Z::r:ii Event Day | Precision at
Group Load (kW per 90%
Load (kW per AC Unit) confidence
AC Unit)
Program 2.20 1.34 10.6%
Switches 2.20 1.29 12.4%
Thermostats 2.22 1.51 17.6%
LCA: Greater Bay Area 2.22 1.22 16.8%
LCA: Greater Fresno 2.41 1.74 21.7%
LCA: Stockton 2.04 1.14 17.0%
Climate Zone R 2.41 1.74 21.7%
Climate Zone S 2.08 1.17 15.2%
Climate Zond X 2.16 1.19 18.8%

The lower than expected precision level can be traced back to a couple factors:

e Over sampling of PCTs. Following the information available from the 2007 evaluation,
PCTs received a more than proportional sample size in order to account for:

o0 Higher standard deviations. PCTs exhibited higher standard deviations with
respect to switches in 2007. However, that was not the case in 2008. This is
most likely attributed to the difference in PCT control employed in 2008, which
reduced the variance of the observed loads and load impacts.

0 Future increase in the ratio of PCTs to switches. PG&E plans to deploy a ratio of
60% switches and 40% thermostats. We were expecting an increase in the
percent of installed thermostats during 2008, which did not occur.
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e Changes in share of program participants in each of the climate zones. The

sample size was allocated proportionally among the three climate zones at the time the
sampling frame was assembled and the sample was designed, in April. Subsequently,
there were major changes in the program composition. For example, program
installations in Climate Zone X increased from 25% to 35% of all program participants.

6.3.2 Limitations of the Model

During the specification and testing of multiple functional forms of this model, there was a strong
emphasis placed on obtaining the best estimates at times when the load impact is the highest.
In addition, behavior that changes consistently across program participants will yield more
consistent model results. As it gets hotter, AC use becomes more prevalent and yields more
reliable model results.

Because of this, the model utilized to estimate ex post results produces unreliable results at
lower temperatures. It appears to underestimate the reference load. A visual inspection of the
modeled reference load compared to the event day load suggests that the model yields
unreliable load impact estimates when the highest temperature of the day falls under 95°F.

Note that at lower temperatures, the reference loads, and thus the estimated ex post load
impacts, are unreliable. However, the event day load (which is not modeled, but estimated as a
weighted average of the sample’s observations) is not affected. For these days, the event day
load (controlled load) between 2 and 6 pm has ranges of 0.40 to 0.73 kW. The median is 0.45
kW. For comparison purposes, on the day of system peak and the day after, the controlled load
average for these four hours was 1.3 kW.

Ex post results for two mild event days are presented in Figure 6-8. Ignoring the two events
conducted in October, which exhibit event day loads close to 0 kW, the lowest event day high
temperature is that of August 21. On this day, the reference load is consistently under the event
day load starting at about 8 AM. The high temperature of the day was 85.6°F, with a day’s
average of 76.1°F. Load impacts during event hours have statistical accuracies ranging from 33
to 167 percent at 90 percent confidence (90/33 to 90/167). These accuracies reflect the high
variability of AC at milder temperatures. The second chart is for June 17, when the high
temperature of the day was higher than for August 21 (at 93.8°F) but the average temperature
was lower, at 75.3°F. The reference load is above the event day load during event hours.
However, the large amount of snapback and the general dimension of the event day load
compared to the reference load suggest that the reference load is indeed underestimated.
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Figure 6-8

SmartAC Ex Post Estimated Reference Load and Event Day Load on Mild Days

August 21, 2008 (temperature: average 76.1°F, high 85.6 °F)
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SmartAC Ex Post Estimated Reference Load and Event Day Load on Mild Days

June 17, 2008 (temperature: average 75.3 °F, high 93.8 °F)
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6.4 Statistical Measures of the Ex Post Load Impact
Estimates

An important purpose of the Protocols is the establishment of “minimum requirements for load
impact estimation for DR resources and to provide guidance concerning issues that must be
addressed and methods that can be used to develop load impact estimates for use in long term
resource planning.” To this end, the Protocols discuss two common approaches used to
estimate demand response impacts: Regression and Day-Matching approaches, and dictate
statistical measures for their assessment.

KEMA'’s model has elements of both of these methods. KEMA uses regression-based, unit-level
models of AC usage to estimate event day reference load. Ex post impacts are then estimated
by comparing this estimated reference load to observed load levels during event hours. Ex ante
impacts are estimated by applying a duty cycle framework to load model estimates.

The protocol for regression-based estimates (Protocol 10) is designed for a pooled regression
model fit across all units and time periods jointly in one model. Such a model typically includes
event days in the model, so that impacts are determined directly from regression coefficients.
The accuracy of the estimate is therefore indicated by regression diagnostics, including
standard errors of coefficients and R? statistics.

While KEMA'’s approach is regression based, the regression diagnostics that result from our
models are not directly comparable to those that would be provided for a pooled model.
Standard errors for individual fits will tend to be much larger than those for a single overall fit.
The individual standard errors also do not directly measure the accuracy of the estimate that
combines results across the units. Thus, while we provide summaries of the regression
diagnostics for the individual units, we caution that these are not comparable to the
corresponding diagnostics that could be obtained for a pooled model.

The day-matching protocol (Protocol 9) addresses the accuracy of the reference load estimate
by comparing estimate reference load to actual load on proxy days. While this approach was
not designed for the individual-unit estimation process used in this evaluation, this Protocol can
also be adapted to provide meaningful results for our method. The equation used for Protocol 9
statistics are included in the Methodology section.
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6.4.1 Statistical Measures for Day-Matching Methods (Protocol 9)

Table 6-11 provides proxy day accuracy statistics. These statistics measure bias. This table
includes loads, errors and relative error based on both averages and medians. These averages
and medians are calculated for each hour of the day across all days and units, using the sample
expansion weights. The relative error measures the average and median error as a percentage
of average or median load, respectively. Both average and median loads approach zero during
non-cooling hours giving relative errors that approach infinity. For this reason we confine the
median relative errors to the hours between 1 PM (hour ending 2 PM) and 11 PM (hour ending
at midnight.) The most common event hours during summer 2008 were 3 PM through 6 PM.
For these hours the relative average error is 2.1 percent or less while the relative median error
is very small, and is rounded to to zero at the 2-digit level.
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Table 6-11
Proxy Day Accuracy Statistics (*)

Average [Median Relative
Hour Load Load Average Average |Relative
Ending (kW) (kW) Error Median Error |Error Median Error
1 0.30 0.00 -0.01 0.00 -1.8%
2 0.21 0.00 -0.01 0.00 -3.9%
3 0.16 0.00 -0.01 0.00 -3.8%
4 0.12 0.00 0.00 0.00 0.9%
5 0.10 0.00 0.00 0.00 3.2%
6 0.09 0.00 0.01 0.00 9.0%
7 0.08 0.00 0.01 0.00 7.9%
8 0.09 0.00 0.01 0.00 7.2%
9 0.12 0.00 0.01 0.00 5.0%
10 0.21 0.00 0.01 0.00 3.5%
11 0.32 0.00 0.02 0.00 5.2%
12 0.51 0.00 0.03 0.00 5.6%
13 0.75 0.00 0.04 0.00 5.6%
14 1.03 0.34 0.03 0.00 3.2% 0.0%
15 1.32 1.03 0.03 0.00 2.1% 0.0%
16 1.62 1.56 0.02 0.00 1.5% 0.0%
17 1.81 1.81 0.01 0.00 0.4% 0.0%
18 1.89 1.92 -0.01 0.00 -0.3% 0.0%
19 1.84 1.86 0.00 0.00 0.0% 0.0%
20 1.58 1.46 0.00 0.00 0.1% 0.0%
21 1.29 1.11 0.03 0.00 2.0% 0.0%
22 0.99 0.67 0.01 0.00 1.4% 0.0%
23 0.73 0.18 0.02 0.00 3.0% 0.0%
24 0.51 0.00 0.02 0.00 3.8%
Average [Median Relative
Load Load Average Average |Relative
(kW) (kW) Error Median Error [Error Median Error
Daily 0.74 0.00 0.01 0.00 1.6%

(*) In this table, the median error and the relative median error are non-zero. However, they are
very small, and are rounded to zero at the 2-digit level.

Per the Protocols, the coefficient of alienation is a measure of the error in “a prediction algorithm
relative to the variation about the mean of the variable being predicted.”*® The coefficient of
alienation over the smart AC sample is 16.9 percent. This is the same as an R? of 0.831.

Theil’s U is a measure of variation. It's a relative measure of variance, scaled by the magnitude
of the load, so is appropriate for comparison across units of different sizes. For the DR

% Definitions obtained from the DR Protocols.
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protocols, Theil’s U is applied to individual AC unit data series for the selelcted proxy days. The
distribution of Theil’'s U across the sample provides an indication of the level of estimation error
on the proxy days. Figure 6-9 provides the distribution of Theil's U across the individual AC
units. The median value is of the distribution is 17.3 percent and the mean value is 22 percent.
The AC units with a Theil’'s U value of one were unused on the proxy days but had non-zero
usage on other days.

Figure 6-9
Distribution of Theil’s U for Proxy days
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6.4.2 Statistical Measures for Regression Based Methods (Protocol 10)

Protocol 10 requires a wide range of regression diagnostics to establish the accuracy of the
regression(s) underlying the impact estimates. KEMA fits regression models separately to each
participating unit non-event day data to estimate the unit's event-day reference load. The
diagnostics from these many regressions are challenging to summarize.

Figure 6-10 shows that the cooling load model employed for this analysis explained more than
50 percent of the variation in 86 percent of the individual unit regressions. The median of the
distribution is 0.69.
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Figure 6-10
Distribution of AC Cooling Load Regression Adjusted R%s
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The regression results were the end product of a process that tested several model
specifications. Each model speci