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Abstract

This report describes the results of a load impaatuation for the 2011 program year of
portions of Southern California Edison’s (“SCE”)rBmer Discount Plan (“SDP”), a
direct load control air conditioner cycling progréon residential, small commercial (less
than 200 kW) and large commercial (greater thank®¥) customers. In 2011, SCE
conducted ten short localized dispatch test eentSDP, each ranging from about 30
minutes to an hour and involving participants asded with one of five A-Banks, or
sub-transmission level step-down transformer gtatior his evaluation covers only
events and customers for which premise-level irtdoad data were available, not the
entire SDP participant population.

Premise-level interval load data for this projextriesidential andmallcommercial
customers were available for an initial group oféBt@onnect-enabled customer
accounts associated with two of the five A-Bank#erval data for a subset lairge
commercial SDP customers who experienced SDP ewartsprovided through
premise-level interval meters previously availdolecustomers of size greater than 200
kW. Use of these household and establishment-letazival load data marks a departure
from previous evaluations at SCE, which have retiedmall sub-samples of customers
with dedicated metering of air conditioner loadspo load impact information
transferred from other utilities.

Resources Covered

SDP is an air conditioner (AC) cycling program witver 310,000 residential and 10,000
commercial customers enrolled. While the SDP vetaldished over 25 years ago and is
not enabled by SCE’s SmartConnect infrastructaiie,@xpected to have a significant
incremental impact on dually enrolled customess (customers enrolled in both SDP
and another, SmartConnect-enabled program suckakstpne rebate). The SDP is
currently an emergency triggered DR program andt system test events were
conducted late in the 2011 summer. The residembidion of the program is anticipated
to be converted to a price-based program beginni2§12, and events will be
implemented more frequently than has been theluasaically for reliability purposes.

The SDP for residential and commercial customder®two primary options for
participation, and provides credits for customeith@mounts that vary by option. The
two options refer to the choice of cycling strategyl to limits on the number of hours or
days that events may be called. Residential antharcial customers may choose a 100
percent or 50 percent cycling strategy (commeiiatomers may also select a 30
percent strategy).

This evaluation was conducted in large part usimgu$Connect meter interval data for
those SDP participants who have received Smart@bmneters, are being billed on the
basis of the metered interval data, and are agsdorith A-Banks in which SDP test
events were called. An additional set of datddoye commercial SDP participants was
also used. These two data sources are not designeedepresentative sample of all SDP
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participants in the SCE service area, but form Y@mence samples” of customers for
whom interval meter data were available, and whmeernced SDP events.

SmartConnect load data were available for approtaip24,000 residential SDP
customers, accounting for about 110,000 tons afaiditioning, and for 86 small SDP
commercial customers, accounting for about 2,008 td air conditioning. Interval data
were also available for 93 large SDP commercialarusrs, accounting for about 17,000
tons of air conditioning. All of these customersr&vsubject to SDP events for this study.

Methodology

The evaluation approach used in this project inedlthe estimation of aggregated, or
average-customer demand equations for relevanpgrouresidential and commercial
customers, primarily defined as associated witAdrank for which events were called,
and their selectedycling strategye.g., 100% cycling, or some degree of partialingg.
Program-level load impacts (for the portion of SE2RBtomers for whom SmartConnect
data were available) are constructed by aggregatinuss cycling strategy and location.
The demand models involved the use oha-day differencing approachin which the
dependent variable (i.e., the variable to be erpld)i is thalifferencebetween the hourly
(or 15-minute) load on a given day and the corredpay time period on the previous
day. On events days, those hourly differencesr(aftjusting for the effects of other
factors, such as day of week and weather condjti@psesent the load impacts of the
event.

Ex Post Load Impacts

ForresidentialSDP, average estimated load impacts per custaménd one-hour
September 8 event range from nearly 0.4 kW peliceaccount for the 50 percent
cycling group to just over 1 kW for the 100 perceytling group which contained the
vast majority of residential customers in this gtutload impacts per ton of air
conditioning range from about 0.10 kW for partigtking customers to 0.20 for 100
percent cycling.

Estimated load impacts for tisenall commerciatustomers associated with the Valley C
A-Bank are statistically significant for three aktfour event/cycling-strategies.
Statistically significant estimated load impacts gestomer range from 4.3 kW to 4.8
kW, representing percentage load reductions obIIBtpercent. Load impacts per ton of
air conditioning are similar to but slightly largdwan for the residential customers.

Estimated load impacts for therge commerciatustomers are statistically significant at
the 90 percent level for one of the two A-Banksllg@/Park and Walnut) that include
about two-thirds of all of the customers for whatdta were available, and are nearly
significant for the other area. Statistically sfgpant load impact estimates per customer
range from about 100 kW to 180 kW, representinggraiage load reductions of about
13 to 32 percent. Load impacts per ton are sutialigriarger (approximately two to

four times larger) than for the residential and ke@mmercial customers.
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EXECUTIVE SUMMARY

This report describes the results of a load impaatuation for the 2011 program year of
portions of Southern California Edison’s (“SCE”)rBmer Discount Plan (“SDP”), a
direct load control air conditioner cycling progréon residential, small commercial (less
than 200 kW) and large commercial (greater thank®¥) customers. In 2011, SCE
conducted ten short localized dispatch test eentSDP, each ranging from about 30
minutes to an hour and involving participants asdged with one of five A-Banks, or
sub-transmission levelstep-down transformer statiorhis evaluation covers only events
and customers for which premise-level interval Idath were available, not the entire
SDP participant population.

ES.1 Background

Premise-level interval load data for this projewntriesidential andmallcommercial
customers were available for an initial group oféBt@onnect-enabled customer
accounts associated with two of the five A-Bankgerval data for a subset lafrge
commercial SDP customers who experienced SDP ewaresprovided through
premise-level interval meters previously availdolecustomers of size greater than 200
kW. Use of these household and establishment-latelval load data marks a departure
from previous evaluations at SCE, which have retiedmall sub-samples of customers
with dedicated metering of air conditioner loadspn load impact information
transferred from other utilities.

ES.2 Resources Covered

SDP program

SDP is an air conditioner (AC) cycling program witver 310,000 residential and 10,000
commercial customers enrolled. While the SDP vetaldished over 25 years ago and is
not enabled by SCE’s SmartConnect infrastructaiie,@xpected to have a significant
incremental impact on dually enrolled customess (customers enrolled in both SDP
and another, SmartConnect-enabled program suckakstpne rebate). The SDP is
currently an emergency triggered DR program andt system test events were
conducted late in the 2011 summer. The residembidion of the program is anticipated
to be converted to a price-based program beginni2§12, and events will be
implemented more frequently than has been thetiagwically for reliability purposes.

The SDP for residential and commercial customder®two primary options for
participation, and provides credits for customeith@mounts that vary by option. The
two options refer to the choice of cycling strategyl to limits on the number of hours or
days that events may be called. Residential anthwrcial customers may choose a 100
percent or 50 percent cycling strategy (commeimiatomers may also select a 30
percent strategy).

! Residential SDP participants will also have anrdge option, whose effect can be measured in @122
evaluation.
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SDP participants

This evaluation was conducted in large part usimgu$Connect meter interval data for
those SDP participants who have received Smart@bmneters, are being billed on the
basis of the metered interval data, and are agedomth A-Banks in which SDP test
events were called. An additional set of datddoge commercial SDP participants was
also used. These two data sources are not desigrnedepresentative sample of all SDP
participants in the SCE service area, but form Yemence samples” of customers for
whom interval meter data were available, and whmzegrnced SDP events.

SmartConnect load data were available for approtain&4,000 residential SDP
customers, accounting for about 110,000 tons afaiditioning, and for 86 small SDP
commercial customers, accounting for about 2,008 tf air conditioning. Interval data
were also available for 93 large SDP commercialaruers, accounting for about 17,000
tons of air conditioning. All of these customersr@&vsubject to SDP events for this study.

SDP events

Ten brief test events (most lasted about 30 minwtkae two lasted nearly a full hour)
were called from late July to late September, tacchan five A-Bank distribution areas.
Most events were called on days on which afterrtemiperatures averaged in excess of
90 degrees.

ES.3 Methodology

Previous evaluations of air conditioner (AC) cygliorograms for residential and
commercial customers, including SDP, have used adstthat differ from the regression
analysis approach that has generally been useatefoand response programs in
California targeted at large commercial and indaktustomers. A primary reason for
these different methods has been a typical lackailability of whole premise interval
load data for smaller customers.

The approach used in this project involved prentesel load data and the estimation of
aggregated, or average-customer demand modelslémant groups of residential and
commercial customers, primarily defined by thesasation with an A-Bank for which
test events were called, their seleatgdling strategye.g., 100% cycling, or some
degree of partial cycling). Program-level load aus (for the portion of residential and
small commercial SDP customers for whom SmartCdrufeta were available) were
constructed by aggregating across cycling strasaglyA-Banks. Similar methods were
used for the large commercial customers in SDP.

Testing of a variety of alternative premise-lewad models, primarily focusing on an
appropriate set of weather variables, led to tleeais one-day differencing approach in
which the dependent variable is th&erencebetween the hourly (or 15-minute) load on
a given day and the corresponding time period erptevious day. We use the same
type of explanatory variables as in a typical estpoad impact regression equation to
explain variations in the load differences, inchglhourly indicator variables interacted
with each event day, day of week, weather varialaled load shape variables. Under
this design, the estimated event-period coeffisieapresent direct estimates of hourly
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program load impacts. That is, they represeneffeet of the SDP event, after
accounting for all other known factors that diffestween the event day and the previous
non-event day.

ES.4 Ex Post Load Impacts

SDP load impacts for different customer types mayllbstrated using observed load
data for event days and other similar non-evens d&or example, Figure ES-1 shows
selected hourly load profiles for the average efdapproximately 22,000 residential SDP
participants associated with Valley C who seletked100% cycling strategy. The figure
compares average customer loads for six weathedhdesy-types, and for the two Valley
C event days: July 26 and September 8.

The load profiles display expected weather senitithe peak load on the hottest day-
type (an average temperature of more than 100 deghaing the period from hours
ending 13 (1 p.m.) to 18 (6 p.m.)) reaches neanly fimes the level on the coolest day-
type (less than 80 degrees). The load reductitvum-ending (HE) 16 for the hour-long
September 8 event (see circled point in the figisrguite distinct, suggesting a load
impact of approximately 1 kWh/hr (kW). The loadpact of the July 26 event in HE 15
is less distinct (in fact, the regression analgéithese data found no statistically
significant load reduction). This result is likelye to the twin factors of more moderate
temperatures and an event of less than 30-minutasioin reflected in hourly data.

Figure ES-1: Residential Customer Loads by Tempetare Day-Type —Weekdays
for Valley C Customers Selecting 100% Cycling Sagy

Residential SDP Loads by Temperature Day-Type and E  vent-Day
(Valley C 100% Cycling)
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Figure ES-2 shows average weekday loads by temypenange and event day for the 64
SDP small commercial customers associated witheydll who selected the 100%
cycling strategy. Like the residential SDP custmsnthe small commercial customer
loads show substantial weather sensitivity. Aisalarly, the load reduction in HE 16

for the one-hour September 8 event is quite distBuggesting a load reduction of about
3to 4 kW. A smaller load reduction for the 30-ot@mevent on July 26 may also be

seen.

Figure ES-2: Small Commercial Loads by Temperaturdday-Type and Event Day —
Weekdays for Customers Selecting 100% Cycling ®osit

Commercial Loads by Temperature Day-Type and Event ~ Day
(100% Cycling Strategy)
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Figure ES-3 illustrates 15-minute large-commerdatls for the Walnut A-Bank for the
August 18 event and the previous day, for the enste choosing the 100 percent
cycling option. The impact of cycling is clearlpservable.
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Figure ES-3: Large Commercial 15-Minute Load Profies (kWh/15-min) —
Walnut, 100% Cycling; August 18 Event
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Residential SDP load impacts

Estimated load impacts based on the regressiogsaasare generally consistent with the
load reductions illustrated in the figures aboter residential SDP, average estimated
load impacts per customer for the one-hour SepteBibgent range from nearly 0.4 kW
for the 50 percent cycling group to just over 1 kWthe 100 percent cycling group
which contained the vast majority of residentiadtomers in this study. For the two half-
hour events in the Mira Loma A-Bank, estimated loagacts were smaller, ranging
from about 0.1 kW to 0.5 kW. Those values weraistédid to account for the
measurement of a part-hour event using load ddtataty resolution. The adjustment
were based on factors implied by comparing loadeictgin the small commercial
analysis described below, which were estimatederbasis of both hourly and 15-
minute dat&. Those adjustments result in per-customer loacatsfor the half-hour
events that range from 0.3 kW to 1.3 kW.

Percent load impacts and load impacts per tonrafoaditioning for the most “well-
behaved” estimates are summarized in the followaide:

% The adjustment is based on the idea that themagnitude of the load impact for a partial-hourrenis
greater than the value that is estimated usingateda hourly resolution. The availability of 15~mte
data for the small commercial customers allowsyetion of an appropriate adjustment factor for such
events, using both hourly and 15-minute data.
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Table ES-1: Percent Load Impact and Load Impact peAC Ton --

Residential
Percent Load
Load Impact per
Strategy Impact |AC ton (kW)
100 25-27% 0.21
67 19% 0.17
50 10 - 15% 0.08

The pattern of values is as expected, with percaat impacts and load impact per AC
ton higher for the 100 percent cycling strategyntfa the two partial strategies. The
program-leveload impact for residential SDP for the hour-lI@eptember 8 event for
the Valley C A-Bank with which most of the customarith available SmartConnect
data were associated is approximately 66 MW.

Small commercial SDP load impacts

Estimated load impacts for the small commerciatmugrs associated with Valley C are
statistically significant for three of the four ex&ycling-strategies. Statistically
significant estimated load impacts per customegedrom 4.3 kW to 4.8 kW,
representing percentage load reductions of 13 feet&nt, as shown in Table ES-2.
Estimated load impacts per ton of air conditioramg similar in magnitude to those for
the residential customers for the two cycling siggtcategories.

Table ES-2: Percent Load Impact and Load Impact peAC Ton —
Small Commercial

Percent Load
Load Impact per
Strategy Impact |AC ton (kW)
100 18% 0.22-0.25
Partial 13% 0.08 - 0.14

Large commercial SDP load impacts

Estimated load impacts for the large commercialauasrs are statistically significant at
the 90 percent level for one of the two A-Bankdli@/Park and Walnut) that are
associated with about two-thirds of all of the onsérs tested, and are nearly significant
for the other. Statistically significant load ingb@stimates per customer range from
about 100 kW to 180 kW, representing percentage leductions of about 13 to 32
percent. Percentage load impacts and load impact&C ton are shown in Table ES-3.
The load impacts per ton are substantially largppfoximately two to four times larger)
than for the residential and small commercial consics.

Program level load impacts range from 2 MW to 5 NbWevents for the two A-Banks
with the largest number of participants. In theases, load impacts appear to vary by
temperature level; they are higher for two Augusrgs with afternoon average
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temperatures of about 87 degrees, than for twoeSdpr events, which both occurred on
more moderate days.

Table ES-3: Percent Load Impact and Load Impact peAC Ton —
Large Commercial

Percent Load
Load Impact per
Strategy Impact | AC ton (kW)

100 13-22% | 0.44-0.73
Partial 15 - 32% 0.3-0.6

ES.5 Conclusions

This study is limited by the design of the testrégeby the fact that it covers only a
portion of SDP patrticipants due to limited interuater data availability, and that many
of the test events were a half-hour or less inttra With the availability of only hourly
interval data for the residential participantsireated load impacts for part-hour events
are under-stated. In those cases, we adjustetergsil load impact estimates using
factors based on the results for small commercisiamers, using both 15-minute and
hourly data. Both of these limitations should égalved in future evaluations. Much
more SmartConnect data will become available, andmmendations are to call more
SDP events, presumably of longer duration, eithexugh more test events or as a
consequence of the transition of residential SD& pace-based program.
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1. Introduction and Purpose of the Study

This report describes the results of a load impaatuation for the 2011 program year of
portions of Southern California Edison’s (“SCE”)rBmer Discount Plan (“SDP”), a
direct load control air conditioner cycling progréon residential, small commercial (less
than 200 kW) and large commercial (greater thank®9) customers. In 2011, SCE
conducted ten short localized dispatch test eentSDP, each ranging from about 30
minutes to an hour and involving participants agdged with one of five A-Banks, or
step-down transformers. This evaluation coverg eaénts and customers for which
premise-level interval load data were available.

Premise-level interval load data for this projewntriesidential andmallcommercial
customers were available for an initial group ofést@onnect-enabled customer
accounts associated with two of the five A-Bankgerval data for a subset lafrge
commercial SDP customers who experienced SDP ewaresprovided through
premise-level interval meters previously availdolecustomers of size greater than 200
kW. Use of these household and establishment-leadldata marks a departure from
previous evaluations, which have relied on smdtsamples of customers with
dedicated metering of air conditioner loads, oborrowed information from other
utilities.

While SDP has been in place for a number of yeadssanot a specific element of the
SmartConnect process, this evaluation is beingwaed through a broad SmartConnect
evaluation project. As a result, part of the eatibin directly covers only the portion of
residential and small commercial SDP customer adsaihat had begun billing through
SmartConnect meter data prior to the summer of 2btllwere associated with A-Banks
for which events were called. The impact evaluatinalysis includes estimation of ex
post load impacts for residential, small commeraral large commercial customers by
SDP event (data permitting), and for alternativeliog strategies chosen by consumers.

The report is organized as follows. Section 2 diees the SDP program, the enrolled
customers, and the events called; Section 3 desctite analysis methods used in the
study; and Section 4 contains the ex post load aimesults.

2. Description of Resources Covered in the Study

2.1 Program Description

SDP is an air conditioner (AC) cycling program watver 310,000 residential and 10,000
commercial customers enrolled. While the SDP vesatdished over 25 years ago and is
not enabled by SCE’s SmartConnect infrastructaiis,@xpected to have a significant
incremental impact on dually enrolled customess (customers enrolled in both SDP
and another, SmartConnect-enabled program suckakstime rebate). The SDP is
currently an emergency triggered DR program andt fystem test events were
conducted late in the 2011 summer. The residegmbidion of the program is anticipated
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to be converted to a price-based program beginni2§12, and events will be
implemented more frequently than has been theliagwically for reliability purposes.

The SDP for residential and commercial customder®two primary options for
participation, and provides credits for customeith@mounts that vary by option. The
two options refer to the choice of cycling strategyl to limits on the number of hours or
days that events may be called. Residential anthwrcial customers may choose a 100
percent or 50 percent cycling strategy (commeiiatomers may also select a 30
percent strategy).

The options include the following features:

» Residential customers may choose from two cyclirgjegies: 50% (the AC unit
is restricted from running for 15 minutes out ofle@0 minutes in an event), and
100% (AC unit is turned off continuously for thetiem event)*

» Commercial customers may choose from three cydlirajegies: 30% (the AC
unit is restricted from running for 9 minutes ofieach 30 minutes in an event),
50% (the AC unit is off for 15 minutes out of edBfhminutes in an event), and
100% (AC unit is turned off continuously for thetiem event).

» Both types of customers may also choose from twimog on limits to the
frequency of interruption events:

o0 The Base plan, which allows SCE to control AC ufotsa maximum of
15 times during the summer season, for up to sixsper event.

o The Enhanced plan, which allows an unlimited nundfesvents during
the summer season.

2.2 Participant Characteristics

As noted in the introduction, this evaluation wasducted in large part using
SmartConnect data for those residential and smalneercial SDP participants who

have received SmartConnect meters, are being lahietie basis of the metered interval
data, and are associated with A-Banks for which 8i2#hts were called. An additional
set of data for large commercial SDP participards also used. These two data sources
are not designed as a representative sample 8D#dlparticipants in the SCE service
area, but form “convenience samples” of customarsvhich interval meter data were
available, and who experienced SDP events.

Table 2-1 summarizes the characteristics of thel@asal SDP participants included in
the analysis. The first two columns indicate A-Bamd cycling strategy selected. The
next three columns show the number of participésesvice accounts), their total number
of AC units, or devices, and the total AC tonshuide devices. The final three columns
indicate the average AC tons per account, AC temnslpvice, and Devices per SAID.
The sizes of the AC units, shown in the secondgbdolumn, are quite consistent across
A-Banks and cycling strategies, averaging about@g. The number of devices per

% Residential SDP participants will also have anrdde option, whose effect can be measured in €2
evaluation.
* Some participants remain on a 67% cycling stratbgyis no longer available for new participants.
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customer varies somewhat, and is largest for 10€epéecycling in Valley C, the largest
category.

Table 2-1: Characteristics of SDP Residential Partipants

Cycling Service AC Tons/ | AC Tons/ | Devices /

A-Bank Strategy (%) | Accounts | Devices AC Tons SAID Device SAID
MIRA LOMA 50 10 10 35 35 35 1.00
67 45 48 167 3.7 35 1.07
100 609 651 2,393 3.9 3.7 1.07
Total / Ave. 664 709 2,595 3.9 3.7 1.07
VALLEY C 50 412 473 1,725 4.2 3.6 1.15
67 1,437 1,660 5,743 4.0 35 1.16
100 21,914 27,600 101,645 4.6 3.7 1.26
Total / Ave. 23,763 29,733 109,114 4.6 3.7 1.25
Grand Total 24,427 30,442 111,708 4.6 3.7 1.25

Table 2-2 provides similar information for the SBfall commercial customers. All of
the small commercial accounts were located in thkey C A-Bank. Due to the small
number of participants choosing the 30 percentingdtrategy, they were combined
with the 50 percent group and labeled “PartialheBizes of devices are somewhat
larger than for the residential accounts, as arettmber of devices per account.

Table 2-2: Characteristics of SDP Small CommerciaParticipants

Service AC AC Tons/ AC Tons/ Devices/
A-Bank  Strategy | Accounts Devices Tonnage SAID Device SAID
VALLEY C Partial 27 151 835 30.9 55 5.6
100 59 262 1,144 19.4 4.4 4.4
Total 86 413 1,979.6 23.0 4.8 4.8

Table 2-3 displays the characteristics of the la@amercial SDP participants who are
associated with the A-Banks for which SDP test &vearere called in 2011. The

majority of participating service accounts, AC amd and AC tonnage are accounted for
by customers choosing the 100 percent (Full) cycitnategy, and are associated with the
Villa Park and Walnut A-Banks.Almost all of the accounts choosing less than 100
cycling chose the 50 percent (Partial) option. M/mdustry type is not shown, the bulk
of the large commercial service accounts repredegitanentary and secondary public
schools.

The amount of AC devices and tonnage per accouanisiderably larger for the large
commercial than for the small commercial customassexpected. The average size of
the AC devices is also somewhat larger, particylfan those customers choosing 100
percent cycling.

® Customers are allowed to select a cycling strafeggach AC device on the premise. Most customers
chose the same strategy for all devices. Thoseclthse mixed strategies were assigned to the gyrate
selected for the majority of their devices.
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Table 2-3: Characteristics of SDP Large CommerciaParticipants

Service AC Tons /
Accounts AC Devices AC Tonnage AC Tons / SAID Device Devices / SAID
Strategy | Full Partial Full Partial Full Partial Full Partial | Full Partial Full  Partial
A-Bank
Chino 6 5 189 299 1,319 1,489 220 298 7.0 5.0 315 59.8
Mira Loma 7 0 47 0 631 0 90 134 6.7
Valley C 5 1 90 30 764 140 153 140 8.5 4.7 18.0 30.0
Villa Park 32 5 861 111 4,675 506 146 101 5.4 4.6 26.9 22.2
Walnut 31 1 | 1,054 46 7,820 233 252 233 7.4 5.1 34.0 46.0
Total 81 12 | 2,241 486 | 15,207 2,368 188 197 6.8 4.9 27.7 40.5
2.3 Events

The dates, times and A-Banks for the SDP test evar011 are shown in Table 2-4.
Nearly all of the SmartConnect load data availéttehis project were for residential
and small commercial customers in the two highkghA-Banks: Mira Loma and Valley
C® As aresult, only the four indicated events agiided in that portion of the
evaluation. Three of those events were approxijmd@&minutes in length, while the
September 8 event lasted nearly an Holihe large commercial customers spanned all
five A-Banks, but were concentrated in Villa PandaValnut, as noted above.

Table 2-4: Summer Discount Plan Events in 2011

Scheduled  Scheduled Actual Actual
Dispatch Restore Dispatch  Restore | Length
Num A-Bank Date Time Time Time Time of Test QE
1 VALLEY C 7/26/2011 14:00 14:25 14:03 14:30 0:27 58-59*
2 MIRA LOMA 8/3/2011 14:00 14:25 14:00 14:28 0:28 57-58
3 |CHINO 8/8/2011 13:00 13:25 13:09 13:32 0:23 53-54
4 WALNUT 8/18/2011 14:00 14:25 14:03 14:26 0:23 57-58
5 VILLA PARK 8/26/2011 15:00 15:25 15:00 15:25 0:25 61-62
6 MIRA LOMA 8/30/2011 15:00 15:25 14:59 15:27 0:28 61-62
7 CHINO 9/6/2011 15:30 15:55 15:31 15:57 0:26 63-64
8 VALLEY C 9/8/2011 15:00 15:25 15:00 15:53 0:53 61-64
9 WALNUT 9/20/2011 15:00 15:25 15:00 15:26 0:26 61-62
10 |VILLA PARK 9/29/2011 15:00 15:25 15:00 16:00 1:00 61-64

* Dispatch delay resulted in most customers curtailed near 14:15, and restored
about 14:40.

To place the events in context with regard to werationditions, Figure 2-1 shows daily
values of average late-afternoon (hours ending 18)+temperatures for the weather
station (121) in which nearly all of the SmartCocin®DP participants were located. The
four event days included in that portion of thelgsia are circled, showing that three of
the four were called on days with average afterrtearperatures above 90 degrees, and
two of those had afternoon temperatures above §feds. The remaining events, which

® The small commercial participants were all locdtedtalley C.

" SCE reported some technical issues that delayesttnt of the July 26 event for most participdnytsen
to fifteen minutes. This delay may be seen infidngres below based on 15-minute data for small
commercial customers.
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applied to the large commercial customers in tbdystare indicated by squares. The
availability of a number of days of comparably iatather conditions to the SDP event
days provides some confidence in the ability ofesgion analysis to separately
distinguish the positive effects of temperatured e negative effects of SDP
curtailments on customers’ loads.

Figure 2-1: Daily Average Afternoon Temperatures July 4 — September 30, 2011
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3. Study Methodology

3.1 Overview

The overall goals of thex posioad impact evaluation were summarized in Sectior
traditional demand response (DR) load impact ev&nanvolves the following
activities:

1. Estimate program-wide (aggregate) and per-callstbooer hourly load impacts
and average daily load impacts for each SDP evenird2011;

2. Estimate the uncertainty-adjusted range of loadhictg) on an aggregate and per-
called customer basis;

3. Estimate thalistributionof hourly and average daily impacts provided by
different customer segments for teerage evente.g, “X” percent of the load
impact was provided by “Y” percent of the enrol@dtomers).
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The data to be used in the load impact analysisisbaf hourly (or, in the case of
commercial customers, 15-minute ) integrated lcatd €br the program participants,
hourly observations on appropriate weather vargafierelevant weather stations,
information on customer characteristics, and infation on the timing of events.

3.2 Description of methods

3.2.1 Background

Certain analysis methods for recent load impaclueti@ns of non-residential dynamic
pricing and demand response programs in Califdraiee generally involved conducting
customer-level regression analysis using availablely load data for participants, and
have developed program-level load impacts by addmthe estimated load impacts of
each participating customer account.

In contrast, previous evaluations of air conditiooycling programs that include
residential and commercial customers, including Siz®e used very different methods.
Two primary reasons for these different methodshaeen a typical lack of availability

of interval load data for participating customexsd the fact that the programs target and
control a specific technology, i.e., air conditioneAs a result, previous evaluations have
been focused on end-use impacts, and have oftetved/installation of data logging
equipment on the AC units of a small safipieparticipants, and analysis of recorded
data during event periods. We expect that the mg@availability of interval load data
from smart metering equipment, such as that frore’SGmartConnect, will lead to its
widespread use in future evaluations of AC cycpnggrams.

In the case of SDP in 2011, load data are avaifablenly a subset of participants, as
described in Section 2. Thus, the load impactuatain covers only that subset of
participants directly.

Several features of SDP suggest certain modifinatio the customer-level approach
described above. These features include the follgw

* The large number of residential participants (ngoye than 20,000) creates
practical issues regarding estimation and procgssisuch a large number of
regressions.

* Residential consumer loads are more responsive&bh&r conditions than are
commercial customers, suggesting a need to comdvetul model testing to
assess the degree to which weather effects areadelguaccounted for. This
testing is more practically conducted on aggregetdd.

» Residential loads typically display more varialgihan commercial loads, which
implies difficulty in accurately estimating load pacts for the brief-duration SDP
test events in 2011 (i.e., three events of apprateiy 30 minutes, and one of
nearly an hour) using hourly load data.

® The size of data logging samples is generallytéithby relatively high costs of equipment instadiat
monitoring, and removal.
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As a result of these conditions, our basic evabmagipproach has involved the estimation
of aggregated, or average-customer demand modeisléwant groups of residential and
commercial customers, primarily defined by the Adbavith which they are associated
and their selectedycling strategye.g., 100% cycling, or some degree of partialingg.
Program-level load impacts (for the portion of S&2RBtomers for whom SmartConnect
data were available) are constructed by aggregatnagss cycling strategy. Similar
methods were used for the large commercial custamer

3.2.2 Regression models used in ex post evaluation

We tested a variety of regression models usingaaeecustomer loads, focusing in
particular on an appropriate set of weather vaembd explain changes in weather-
sensitive loads. Many of the models produced edtchload impacts of an appropriate
shape(e.g., a downward spike in load during event m)jpbut with develthat implied
higher loads than on non-event days. The preswaeske was an overstated implied
reference load, such that the event-period coefitojwhich is designed to represent the
load impact of an event) was smaller than the ameffts for surrounding hours, but still
positive.

We then turned to a one-day differencing approackhich the dependent variable is the
differencebetween the hourly (or 15-minute) load on a gigay and the corresponding
time period on the previous day. We use the sgpedf explanatory variables as in a
typical ex post load impact regression, includiogiy indicator variables interacted
with each event day, weather variables, and loagekariables. Under this design, the
estimated event-period coefficients again repredieatt estimates of program load
impacts. That is, they represent the effect ofSD& event, after accounting for all other
known factors that differ between the event daytaedorevious day.

The general form of thex postoad impact difference model is the following:

E 24 24 24
DQ za+ Y 3 (bayxh xdSDR,)+ Y (b8 xh xdCDH,,) + 3" (6% xh xdCDD,)
i=1

Evt=l i=1 i=1

24 24 5 24
+> (09" xh xdLagCDH, ) + > (b"**“*® xh xdLagCDQ) + Y > (b7 xh xdDTYPE,;) +¢

i=1 i=1 DT=1 =1

In this equationDQ; represents the difference between the averagdyh@url5-minute)
usage in time periodon a given day and the same time period’s loathermprevious

day; theb’s are estimated parametelnsis an indicator variable for hour (or 15-minute
period)i; dSDREgt is an indicator variable for SDP event days (eiggal on an event
day and -1 on the day following an event da{@JDH;; is the difference between cooling
degree hours in houron the current and previous 3agtCDD is the difference between
cooling degree days on the current and previousdlaagCDH; is the difference
between cooling degree hours in hoon the previous day and two days prior;
dLagCDQD is the difference between cooling degree day$emptevious day and two

° After testing a number of specifications, cooldegreehourswere defined relative to a reference
temperature of 75 degrees, while cooling degres daye defined relative to 65 degrees.
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days prior,DTYPEpris an indicator variable for day of the week (thare five of these
terms, one for each weekday), where the interagiiimthe hourly indicators allows
estimation of load shape differences for each gpg;tands is the error term.

The first term with the double summation signess tomponent of the equation that
allows estimation ofiourly (or 15-minute) load impacttheb; g coefficients) for each
event day. It does so via the hourly indicatorataesh; interacted with the event
variables (indicated bgSDR g\, where the coefficients reflect hourly differeace
between the loads on event days and on previous déye remaining terms in the
equation are designed to control for weather ahdrgteriodic factors (i.e., hourly shapes
on different day types) that affect the differentesustomers’ loads. The multiple
weather variables were designed to account foetprienary effects: the immediate
effect of current hourly temperatures on curreatli¢through cooling degree hours); the
overall effect of differences in daily temperatu(gsough cooling degree days); and
weather build-up effects (through lagged CDH and>GRriables).

3.2.3 Development of Uncertainty-Adjusted Load Impa  cts

The Load Impact Protocols require the estimationrafertainty-adjusted load impacts.
In the case oéx postioad impacts, the parameters that constituteahe impact
estimates are not estimated with certainty. Theegfwe base the uncertainty-adjusted
load impacts on the variances associated withghmated load impacts.

Specifically, we add the variances of the estimatdtlevel load impacts climate zones
(using appropriate sample weights). The uncestadjusted scenarios were simulated
under the assumption that each hour’s load imgacbimally distributed with the mean
equal to the weighted sum of the estimated loadotgpand the standard deviation equal
to the square root of the weighted sum of the naga of the errors around the estimates
of the load impacts. Results for thé"180", 70", and 98' percentile scenarios are
generated from these distributions.

4. Detailed Study Findings

This section begins by illustrating observed SD€rage-participant loads for a number
of event and non-event days, with the objectivproiding an indication of the nature
and magnitude of load impacts that might be exjgefcten regression analysis of the
data. Estimated load impacts from the regressiaityais are then presented. Tables of
hourly load impacts are then presented in the foreguired by the Load Impact
Protocols adopted by the California Public Utisti€ommission (CPUC) in Decision
(D.) 08-04-050 (“the Protocols”), including uncentg-adjusted load impacts at different
probability levels, and figures that illustrate ®BP event-day loads and load impacts.

4.1 Observed Participant Loads — Selected Day-types  and Events

This sub-section lays the groundwork for estimathgSDP load impacts by illustrating
observed load profiles for selected A-Banks, omeaad non-event days. We begin by
focusing on residential SDP customers, and thew shsults for small and large
commercial SDP customers.
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4.1.1 Residential customer load profiles

Figure 4-1 shows selected average hourly loadlpsofor the approximately 22,000
residential SDP participants associated with thikey& A-Bank who selected the 100%
cycling strategy. The figure compares averageoonst loads for six weather-based day-
types, and for the two event days that were cafiédat area: July 26 and September 8.
The load profiles display expected weather senitithe peak load on the hottest day-
type (an average temperature of more than 100 deghaing the period from hours
ending 13 (1 p.m.) to 18 (6 p.m.)) reaches neanly fimes the level on the coolest day-
type (less than 80 degrees). The load reductitvum-ending (HE) 16 for the hour-long
September 8 event (see circled point in the figwjch was on a hot day following an
even hotter day, is quite distinct, suggestingaal lmpact of approximately 1 kWh/hr (1
kW). The load impact of the July 26 event in HEid fess distinct. This result is due to
the twin factors of more moderate temperaturesaanelvent of less than 30-minutes
duration reflected in hourly data.

Figure 4-1: Residential Customer Loads by Temperatre Day-Type —Weekdays for
Valley C Customers Selecting 100% Cycling Strategy

Residential SDP Loads by Temperature Day-Type and E  vent-Day
(Valley C 100% Cycling)
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Figure 4-2 provides similar information for the amgmately 1,400 customers associated
with Valley C A-Bank who selected the 67 % cyclstgategy. The load reduction on the
September 8 event is again quite distinct, thoungdller (about 0.5 kW) than that for the
100% cycling customers, as expected. However|aad/impact for the July 26 half-
hour event is barely noticeable.

Figure 4-2: Residential Customer Loads by Temperaire Day-Type —Weekdays for
Valley C Customers Selecting 67% Cycling Strategy

Residential SDP Loads by Temperature Day-type and E  vent Day
(Valley C; 67% Cycling)
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Figure 4-3 provides comparable information for sipproximately 400 customers
associated with Valley C who selected the 50 %iogdtrategy. The load reduction on
the September 8 event is again distinct, though suaaller (less than 0.5 kW). The load
impact for the July 26 half-hour event appears kislain the load at HE 15.

Figure 4-3: Residential Customer Loads by Temperatre Day-Type —Weekdays for
Valley C Customers Selecting 50% Cycling Strategy

Residential SDP Loads by Temperature Day-Type and E  vent-Day
(Valley C; 50% Cycling)
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Figure 4-4 provides the same set of informatiorttierapproximately 600 customers
associated with Mira Loma who selected the 100%imnystrategy. The load reductions
on the August 3 and August 30 events (see circia ploints) are reflected in “kinks” in
the loads that are somewhat comparable to thosaéd0-minute event for Valley C.

Figure 4-4. Residential Customer Loads by Temperatre Day-Type —Weekdays for
Mira Loma Customers Selecting 100% Cycling Strategy

Residential SDP Loads by Temperature Day-Type and E  vent-Day
(Mira Loma; 100% Cycling)
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Figure 4-5 shows comparable loads for the approdind5 customers associated with
Mira Loma who selected the 67% cycling strategie Toad reduction on the August 3
event has the familiar “kink” in HE 15. Howevengtload for the August 30 event
appears to rise in the hour in which the event oecl It is likely that the loads for this
group and the following one have more variabilityass days due to the relatively small
number of customers included.

Figure 4-5: Residential Customer Loads by Temperatre Day-Type —Weekdays for
Mira Loma Customers Selecting 67% Cycling Strategy

Residential SDP Loads by Temperature Day-Type and E  vent Day
(Mira Loma; 67% Cycling)
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Finally, Figure 4-6 shows loads for the 10 Mira Laooustomers who selected the 50%
cycling strategy. The load reduction on the Augustent has a barely discernable kink
in HE 15. However, the load on the August 30 edaytis quite variable, with little
indication of a load reduction in HE 16, in whid¢tetevent occurred.

Figure 4-6: Residential Customer Loads by Temperatre Day-Type —Weekdays for
Mira Loma Customers Selecting 50% Cycling Strategy

Residential SDP Loads by Temperature Day-Type and E  vent-Day
(Mira Loma 50% Cycling)
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The above figures illustrate the weather-sensytioftthe residential SDP loads, and the
apparent load reductions during several of the tsvéescribed in Section 2 for most of
the customer groups. Load impacts for 30-minutnes/and a less than 100% cycling
strategy appear relatively small. Given the inhexariability of residential customer
loads, such relatively small expected load imppotse a challenge to estimation.
Quantitative results of that estimation are presgim Section 4.2 below.

23 CA Energy Consulting



4.1.2 Small commercial customer load profiles

We begin this section by showing two figures of aoencial customer loads that are
aggregated to the hourly level from the availatieriinute datd® A range of loads
averaged across days defined by temperatures aftdr@oon HE 13 to 18 period are
shown, along with loads for the two Valley C evemigh which nearly all of the
commercial customers were associated. These ldoveéal by figures showing event-
day loads in both 15-minute and hourly form.

Load profiles by temperature day-type

Figure 4-7 shows average weekday loads by tempereinge and event day for the 64
SDP small commercial customers associated witheydll who selected the 100%
cycling strategy. The commercial customer loadsssubstantial weather sensitivity,
though not quite as much as the residential cusmtheThe load reduction in HE 16 for
the one-hour September 8 event is quite distingtgssting a load reduction of about 3 to
4 KW. A smaller load reduction for the 30-minuteet on July 26 may also be seen.

Figure 4-7: Small Commercial Loads by TemperaturédDay-Type and Event Day —
Weekdays for Customers Selecting 100% Cycling ®ost

Commercial Loads by Temperature Day-Type and Event  Day
(100% Cycling Strategy)
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19 As described below, hourly loads were developedsgming the 15-minute data for the four relevant

intervals within each hour.
™ Load profiles for two of the temperature day-typeswveen 80 and 90 degrees are not shown for

purposes of clarity with respect to the event-dapfiles.
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Figure 4-8 shows average weekday loads by tempereinge and event day for the 25
SDP commercial customers associated with Valleyh® gelected a partial cycling
strategy. The load reduction in HE 16 for the boer September 8 event is again
distinct, suggesting a load reduction of less Bi&WV. Any load reduction for the 30-
minute event on July 26 is difficult to see in flgaire.

Figure 4-8: Small Commercial Loads by Temperaturédbay-Type and Events —
Weekdays for Customers Selecting Partial Cyclinga&gy

Commercial Loads by Temperature Day-Type and Event Day
(Partial Cycling Strategy)
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Comparisons of 15-minute and hourly load profiles

The next set of figures compares loads for SDP ceroial customers on event days and
nearby comparable days at the 15-minute and héewgls. Separate loads are shown for
customers selecting the alternative cycling stiagegThe objective of the comparisons
is to illustrate the extent to which load impadais dévents of duration less than an hour
may be observed in the hourly data. These findngg be useful in analyzing the load
impacts for residential customers, for which onbyiHly data are available. By SCE
convention, the 15-minute data represent meteretygrconsumption over each 15-
minute period, and thus represent units of kWhljBeminutes. For purposes of
comparing the loads at alternative time resolutiaresdeveloped hourly loads by
summing the relevant four 15-minute loads to predoads in units of kwWh per hour,
which are typically referred to as kW. For direomparison, we also convert the 15-
minute loads to units of the rate of consumptionhmaur (i.e., KWh per hour) by
multiplying each observation by four.
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Figure 4-9 shows loads for the 100% cycling custsnia the July 26 event and the
prior day. The top panel shows 15-minute load,dakéle the bottom panel shows
hourly data. The load reduction in the secondtaind 15-minute intervals of HE 15

(i.e., quarter-hours ending 58 and 59) is cleaidible in the top panel, while the effect of
that load reduction averaged across HE 15 mayémeisehe bottom panéf.

12 As shown in the event listing in Table 2-2, thiyR6, 2011 event was nominally dispatched at 4:00
p.m., and lasted 27 minutes. This implies thatdle reductions should occur in quarter-hours reméi7
(i.e., ending at 4:15 p.m.) and 58 (ending at 4130.), or 15-minutes earlier than as shown in ifparé.
SCE has confirmed that dispatch problems did dilisyevent by nearly 15 minutes, which is consisten
with the data shown in the figure.
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Figure 4-9: Small Commercial Hourly and 15-MinuteLoad Profiles (kWh/hr) —
100% Cycling; July 26 Event

Commercial 100% Cycling - July 26 Evt (kWh/hr)
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Figure 4-10 provides a similar comparison for thstomers who selectedoartial

cycling strategy (primarily 50%). These custonmaes somewhat larger on average than
the 100% cycling customers. The 15-minute datendedndicate a load reduction in the
first 15-minute interval of the event, with somadoreleasing in the second interValAt
the hourly level of resolution, there is no disedsie load reduction.

3 The load reductions again appear in intervalsrgB59 rather than 57 and 58.
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Figure 4-10: Small Commercial Hourly and 15-MinuteLoad Profiles (kWh/hr) —
Partial Cycling; July 26 Event

Commercial Partial Cycling - July 26 Evt (kWh/hr)
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Hour
Figures 4-11 and 4-12 compare the two sets of poafiles for the 100% cycling and
partial cycling customers respectively, for the -tioeir September 8 event and the
previous day. In both cases, the 15-minute dada $bad reductions in all four intervals
of HE 16, while the hourly data show a distinctdaoaduction averaged over those
intervals.
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Figure 4-11: Small Commercial Hourly and 15-MinuteLoad Profiles (kWh/hr) —
100% Cycling; September 8 Event

Commercial 100% Cycling - Sept. 8 Evt (kWh/hr)
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Figure 4-12: Small Commercial Hourly and 15-MinuteLoad Profiles (kWh/hr) —
Partial Cycling; September 8 Event

Commercial Partial Cycling - Sept. 8 Evt (kWh/hr)

40

) W W™ =7
—# - 8-Sep
. d '}
F e
e S,
\)M

10

kWh/hr
N
<]

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 8 89 93
15 minutes

Commercial Partial Cycling -- Hourly data (Sept. 8  Evt)

40

35 //\

//er—-- - A\
25 / v\\
S R

10

kWh/hr
\
R
) )
/

The above figures suggest that SDP load impacthécommercial customers should be
readily estimable by regression analysis of thenlute load data. Comparison with the
hourly data suggests that in most cases load imgacid also be estimated using those
data, although the issue of how to adjust the edérno the actual duration of the event
would remain. The one exception to the abilitgstimate load impacts from hourly
data, similar to the case of the residential custsims the 30-minute event on July 26 for
the customers selecting a partial control strategy.
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4.1.3 Large commercial customer load profiles

This section illustrates average 15-minute loadsHe two groups of large commercial
customer accounts, defined by A-Bank and cyclingtsgy, that have the largest number
of AC units and tonnage. These are the accoustx@ded with Villa Park and Walnut
that selected full, or 100 percent cycling. Loads shown for both event days in each
area, along with the prior or following non-eveatydo help illustrate the load
reductions. Note that the loads are shown in wifitdVh per 15-minutes. They require
scaling up by a factor of four to represent valinasnits of KW (kWh per hour).

Figures 4-13 and 4-14 show loads associated witimMWéor the August 18 (QE 57-58)
and September 20 (QE 61-62) events. Both wereoappately half-hour events. The
observed loads within the event window are indidde ovals. The effect of the full
cycling is clearly observable for the August 18r&vie Figure 4-13, suggesting a load
reduction during the event of about 50 kWh per lbwtes for the second interval

(which translates into 200 kW). However, the smedluction in the first event interval
and the continued reduction in the interval follog/ithe event suggest that the event may
have been dispatched slightly later than the nolntiime of 14:03, near the beginning of
guarter-ending 57. The load reduction is less @lwifor the September 20 event, as it
occurs during the afternoon period in which thellgafalling rather steeply.

Figure 4-13: Large Commercial 15-Minute Load Profies (kWh/15-min) —
Walnut; 100% Cycling; August 18 Event
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Figure 4-14: Large Commercial SDP 15-Minute Load Bofiles (kWh/15-min) —
Walnut;, 100% Cycling; September 6 Event
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Figure 4-15 and 4-16 show loads for Villa Parktfoe August 26 (QE 61-62) and
September 29 (61-64) events respectively. TheeBdptr event lasted for a full hour
beginning at 3 p.m. Note that the loads for maiyre large commercial groups begin
dropping off rather quickly in the 3 p.m. to 4 pjperiod, presumably because the
participants include many elementary and seconsigrgols.
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Figure 4-15: Large Commercial SDP 15-Minute Load Bofiles (kWh/15-min) —
Villa Park; 100% Cycling; August 26 Event
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Figure 4-16: Large Commercial SDP 15-Minute Load Bofiles (kWh/15-min) —
Villa Park; 100% Cycling; September 29 Event
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4.1.4 SDP load impacts approximated from observed d  ata — Residential

Table 4-1 summarizes the observed load data #itextrin Figures 4-1 through 4-6,
showing an approximated reference load, the obddoasl, approximated load impact,
and percent load impact for each of the Valley @ Bira Loma event days, for the
average residential customer choosing each cystiagegy. For purposes of this table,
the estimated reference loads, which are intenaeejpresent customers’ load levels in
the absence of an event, were calculated by myitigpthe load in the pre-event hour on
an event day by the ratio of the loads in the etentr and previous hour, for the non-
event temperature day-type load profile that mtxgety matches the relevant event-day
load. This approach has the effect of approxingatire event-period reference load by
adjusting the pre-event load observation by thpeslaf the relevant temperature day-type
load profile.

The approximated load impact is then calculatetth@slifference between the estimated
reference load and the observed load during thetéVeSince three of the four events
lasted for less than one-half hour, the observad l@lues for those events represent
consumption during the entire hour in which therg\aecurred, including the portion of
the hour in which load was no longer curtaited.

It is useful to examine first the one-hour eventSaptember 8 for Valley C. In this case,
the observed event-hour load represents nearlsegnkbad curtailed during the event.
For this event, the load impacts and percent logzhcts for the alternative cycling
strategies follow the expected pattern of beingdat for 100% cycling (e.g., 1 kW and
27.4%), somewhat less (0.6 kW and 17.9%) for twaithcycling, and least (0.4 kw and
11.7%) for 50% cycling.

The load impact levels and percent load impactshferthree half-hour events are
substantially less than for the September 8 one-&eent, since the observed load during
the hour in which those events occurred includesawtailed load during half of the

hour that includes the event. Section 4.2.2 ba&lomtains comparisons of load impact
results using both 15-minute and hourly data ferabmmercial customers, and provides
some indication of the relationship between loagdauots for events lasting less than an
hour as measured by load data at the differentpiered resolutions.

% In the regression analysis reported in Sectiorbélaw, estimated load impacts are derived from the
estimated coefficients on event-day variables,taedmplied, or estimated reference loads are coctstd
as the sum of the observed load and the amouhedddtimated load impact during the event.

15 The availability of 15-minute load data for themamercial customers provides an opportunity to exami
the relationship between load impacts measuredjumith 15-minute and hourly load data.
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Table 4-1: Residential SDP Load Impacts Approximagd from Observed Data --
(Average per participant, by cycling strategy, ikvk/hour)

Event July 26 (27 minutes; 88.3) Sept. 8 (53 minutes; 98.0 )
Ref. Observed Load Ref. Observed Load
Area Strategy Load Load Impact % LI Load Load Impact % LI
Valley C 100% 2.26 2.03 0.23 10.0% 3.79 2.75 1.04 27.4%
67% 2.04 191 0.13 6.5% 3.40 2.79 0.61 17.9%
50% 2.23 2.06 0.16 7.4% 3.77 3.33 0.44 11.7%
Event Aug. 3 (28 minutes; 97.6) Aug. 30 (28 minutes; 93.4)
Ref. Observed Load Ref. Observed Load
Strategy Load Load Impact % LI Load Load Impact % LI
Mira Loma 100% 2.86 2.48 0.38 13.4% 2.77 2.62 0.16 5.6%
67% 2.70 2.70 0.00 -0.1% 3.15 2.57 0.58 18.5%
50% 1.71 1.66 0.06 3.4% 1.59 1.55 0.04 2.5%

4.1.5 SDP load impacts approximated from observed d

ata — Small commercial

Table 4-2 quantifies the values underlying Figutésthrough 4-12 for small commercial
customers, showing approximated reference loadrebd load, approximated load
impact, and percent load impact for both Valleywérg days and for the average
customer choosing the 100% and partial cyclingesyrg® For illustrative purposes,
results are shown for both the 15-minute and hadeitg. As for the residential
customers, the reference loads, which are intetmlegpresent load levels in the absence
of an event, were calculated by multiplying thedaathe pre-event hour on an event day
by the ratio of the event-hour and previous hoadltor the non-event temperature day-
type profile that most closely matches the evenytidad. One outcome of this approach
is that the estimated reference loads shown fdr tha 15-minute and hourly data are the
same.

Load impacts are calculated as the difference lertvlee estimated reference load and
the observed load during the evéhiiNote that the 15-minute and hourly results fer th
nearly one-hour event on September 8 are idensicade the hourly loads are simply the
sum of the 15-minute loads within the hotirHowever, those results differ for the half-
hour event on July 26 because the observed loag@wvalre averaged over only the two
15-minute loads during the event, while the howdjues represent observed
consumption during the entire hour in which therg\aecurred.

The percent load impacts on the September 8 evebbth the 100% and partial cycling
strategy groups are approximately 14 percent ofdfe¥ence load (the reference load
level for the partial cycling group is about 50 gaart higher than that for the 100%
cycling group). For the half-hour event on July & event-period load impact for the

16 As noted above, the “partial” strategy combinestamers selecting the 30% and 50% strategies.

" In the regression analysis reported below, estithitad impacts are derived from the estimated
coefficients on event-day variables, and estimetéetence loads are constructed as the sum of the
observed load and the amount of the estimateditopdct during the event.

18 As noted earlier, the 15-minute values in theedtsive been converted to units of kWh/hour by
multiplying the observed 15-minute integrated kWahues by 4, thus showing the hourly “rate” of usage
each time period.
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100% cycling group, as measured by the 15-minuiz idalso nearly 14 percetit.
However, it is only about 4 percent for the partytling group. Also, the load impacts
for that event measured by the hourly data aretanbally less, because they include
two 15-minute non-event hours when loads are naaibed.

Table 4-2: Small Commercial SDP Load Impacts Appreimated from Observed
Data -- (Average per participant, by cycling strategy)

Event July 26 (27 minutes; 88.3) Sept. 8 (53 minutes; 98.0 )
Strategy/ Ref. Observed Load Ref. Observed Load
Data Partic. Load Load Impact % LI Load Load Impact % LI

15-minute

(kwhhr) 100% (64) 23.6 20.4 3.2 13.5% 24.9 21.3 3.6 14.4%
Partial (27) 35.0 33.5 1.5 4.2% 33.8 29.0 4.8 14.2%

Hourly

(kwhthr) 100% (64) 23.6 21.6 19 81% 24.9 21.3 3.6 14.4%
Partial (27) 35.0 34.1 09 2.5% 33.8 29.0 4.8 14.2%

4.2 Ex Post Estimated Load Impacts

4.2.1 Residential SDP load impacts

Table 4-3 summarizes estimated load impact rebaked on regression analysis
described in Section 3 for the average resideatisiomer in each cycling strategy group
(i.e., estimated load impacts are values of thenesed coefficients on the event-period
variables interacted with hourly indicator variad)le Results are shown for each event
and A-bank, by cycling strategy and in total. Frefihto right, the columns characterize
each event, including A-bank, hour and duratiownl average temperature in the HE 13-
to-18 period. There are four rows for each evigmee showing results by cycling
strategy (numbers of participants with that strat@g also indicated), and one showing
total participants and participant-weighted avesagfdoads and load impacts. Event
period results shown are the estimated refereramt lwbserved load, estimated load
impact, percent load impact (load impact as a peace of the reference load), and the t-
statistic on the estimated event period coefficient

Statistically significant load impacts (i.e., whéhe t-statistic on the load impact
coefficient exceeds 2.0 in magnitude) were estichédeabout half of the customer
groups and event days. The 100 percent cyclingpoess were most likely to have
statistically significant load reductions and dltlee Valley C customer groups reduced
load significantly on the September 8 event. Téteveted load impacts for that event
range from 0.38 kW for the 50 percent cycling graogust over 1 kW for the 100
percent cycling group. Load impacts for the JuyeRent are estimated very
imprecisely, actually representing small loadreaseghat are not statistically
significantly different from zero.

19 As noted in the context of the load figures int®ec4.1.1, the load reductions for the July 26120
appear to occur during quarter hours-ending 585nar 15-minutes later than the time shown as the
dispatch time for the event. The load impacthetable are calculated for the time periods incivithe
load reductions appear to occur, despite the appdiscrepancy with the program event time.
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Table 4-3: Estimated Residential SDP Load Impactsy Event and Cycling Strategy

— Per-Customer
Estimated Estimated
Reference Observed Load
Day of | Hour Load Load Impact| % Load
Evt Date Week | Ending  A-bank Duration |Temp. | Strategy |Partic. (kKWhhr) (KWhhr) (KWhthr) Impact| t-stat
1[ 26-Jul  Tues 15 Valley C 27 min 88.3
100%| 21,893 2.00 2.03 -0.033 -1.7% -0.3
67% 1,437 1.78 1.91 -0.135 -7.6% -1.3
50% 411 2.00 2.06 -0.060 -3.0% -0.5
Total/Ave.| 23,741 1.99 2.03 -0.040 -2.0%
2| 3-Aug Wed 15 Mira Loma | 28 min 97.6
100% 609 2.99 2.48 0.508 17.0% 4.8
67% 45 2.92 2.70 0.219 7.5% 15
50% 10 1.74 1.66 0.088 5.1% 0.5
Total/Ave. 664 2.96 2.48 0.482 16.3%
3| 30-Aug Tues 16 Mira Loma | 28 min 93.4
100% 609 2,91 2.62 0.292 10.0% 2.7
67% 45 3.02 2.57 0.450 14.9% 3.0
50% 10 1.64 1.55 0.097 5.9% 0.5
Total/Ave. 664 2.90 2.60 0.299 10.3%
4] 8-Sep Thurs 16 Valley C 53 min 98.0
100%| 21,913 3.79 2.75 1.036 27.4% 9.3
67% 1,437 3.45 2.79 0.659 19.1% 6.6
50% 412 3.71 3.33 0.377 10.2% 3.4
Total/Ave.| 23,762 3.76 2.76 1.001 26.6%

We can provide information on the uncertainty adbthe estimated load impacts using
the variances of the estimated event-hour coeffisieWe calculate average standard
errors as a percent of the reference load by dvdrg 5.6%, 3.7%, 3.8% and 2.9% for
the four events. That is, the nearly 27 perceptal/average load impact for the
September 8 event has a standard error of onlycgpe while the 10 percent overall
average load impact for the August 30 event hdaradard error of nearly 4 percent.

Figures 4-17 and 4-18 illustrate the nature ofastmated hourly load impacts for the
September 8 event, which are estimated very pigcesed the July 26 event, where the
estimates are not significant. For the Septemleedit, the estimated load impact
coefficients are close to zero in all hours leadipghe event, and then spike downward
in HE 16 showing the expected effects of the chmiant on the different cycling strategy
groups. In contrast, the estimated load impacifictents for the July 26 show a pattern
across the day that is logically not due to theaskment effect, but to some unique
aspect of the day that is not accounted for imtleelel. The circled event-hour (HE 15)
values for all three cycling strategies are all lien@han the previous hour, suggesting
modest event-induced load reductions; howeverydhees during the afternoon hours
are all positive, representing event-day load iases.
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As discussed previously, the primary reason traestimated load impacts are smaller
for the first three events than for the Septembeveéht is that they were dispatched for
less than an hour, while the available data forsueament was at a one-hour resolution.
As a result, air conditioners were not controlledinlgy half of the one-hour observation
period for those events. One might expect thaatteal load reduction during the half-
hour events would be about twice the amount estichfiom the hourly dat®. Potential
information on this relationship can be developednfthe commercial SDP customers
due to the availability of higher resolution 15-mie load data.

In Section 4.2.2 below we compare load impact edtiibased on 15-minute and hourly
load data, using data for a subset of the commergsdomers with less than the average
amount of air conditioning tonnage. We then use telationship to adjust the values of
the estimated load impacts for the half-hour eveniable 4-3. These adjusted load
impacts are shown in Table 4-4. An additional oolus added to show estimated load
impacts per AC ton, using average participant A@hége shown in Table 2-1 above.
Load impacts were adjusted only for the secondthind events, and the adjusted values
are shown in italics. The fourth event requirecadpustment because it lasted nearly an
hour. For the first event, which occurred on tbelest of the four event days, rather than
making the estimated load increase even largesetvthe load impact to zero given the
very imprecise estimate.

After the adjustments, the estimated load impautspeercent load impacts for the second
and third half-hour events are more similar to éhfus the hour-long event on September
8, especially when comparing load impacts per AC tbhe results for the August 30
event are somewhat of an exception, with the magdeg of estimated load impacts
seemingly reversed for the 100 percent and 67 peoseling groups. One likely source
of the unexpected relative magnitudes is the sasipéeof only 45 for the 67 percent
cycling group.

% possible post-event load changes, particularlyL@dr percent cycling customers, may affect the
relationship between the two sources of estimates.
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Table 4-4: Estimated Residential SDP Load Impactsy Cycling Strategy —
Per-Customer (Adjusted for Difference between 15-Minwted Hourly Data)

Est. Ref. Obs.| Est. Load
Hour Load Load Impact| % Load LI per
Evt Date Day | End. A-bank Dur. Tmp. | Strategy | Partic. (kwWh/hr)  (kWh/hr)| (KWh/hr) | Impact| AC ton
1 26-Jul  Tues| 15 Valley C | 27 min 88.3
100%| 21,893 2.03 2.03 0.0 0.0% 0.0
67% 1,437 191 191 0.0 0.0% 0.0
50% 411 2.06 2.06 0.0 0.0% 0.0
Total/Ave.[ 23,741 2.03 2.03 0.0 0.0% 0.0
2 3-Aug Wed| 15 Mira Loma | 28 min 97.6
100% 609 3.30 2.48 0.825| 25.0% 0.21
67% 45 3.33 2.70 0.633| 19.0% 0.17
50% 10 191 1.66 0.256 | 13.4% 0.07
Total/Ave. 664 3.29 2.48 0.803| 24.5% 0.21
3 | 30-Aug Tues| 16 MiraLoma | 28 min 93.4
100% 609 3.09 2.62 0.473| 15.3% 0.12
67% 45 3.87 2.57 1.301| 33.6% 0.35
50% 10 1.83 1.55 0.280| 15.3% 0.08
Total/Ave. 664 3.12 2.60 0.527| 16.9% 0.13
4 8-Sep Thurs| 16 Valley C | 53 min 98.0
100%| 21,913 3.79 2.75 1.036| 27.4% 0.22
67% 1,437 3.45 2.79 0.659 19.1% 0.17
50% 412 3.71 3.33 0.377| 10.2% 0.09
Total/Ave.| 23,762 3.76 2.76 1.001] 26.6% 0.22

Finally, in Table 4-5 we expand the adjusted petamer SDP load impacts in Table 4-4

by the number of participants for whom SmartConidata were available, and report
those values in Table 4-5, using units of MWh/hatal load impacts for Valley C for
the September event are nearly 24 MW.

Table 4-5: Estimated Residential SDP Load Impactsy Cycling Strategy —
Program-Level (SmartConnect meters only)

Est. Ref. Observed | Est. Load
Load Load Impact| % Load
Evt Date Day | HE A-bank Dur. | Tmp | Strategy |Partic. (MWh/hr)  (MWhhr) (MWh)| Impact
1| 26-Jul Tues| 15 Valley C | 27 min 88.3
100%| 21,893 44.539 44.539 0.000 0.0%
67% 1,437 2.746 2.746 0.000 0.0%
50% 411 0.848 0.848 0.000 0.0%
Total| 23,741 48.133 48.133 0.000 0.0%
2[ 3-Aug Wed| 15 MiraLoma| 28 min 97.6
100% 609 2.013 1.510 0.502| 25.0%
67% 45 0.150 0.121 0.028] 19.0%
50% 10 0.019 0.017 0.003] 13.4%
Total 664 2.182 1.648 0.533] 24.5%
3| 30-Aug Tues| 16 MiraLoma| 28 min 93.4
100% 609 1.882 1.594 0.288] 15.3%
67% 45 0.174 0.115 0.059| 33.6%
50% 10 0.018 0.015 0.003] 15.3%
Total 664 2.074 1.725 0.350] 16.9%
4| 8-Sep Thurs| 16 Valley C | 53 min 98.0
100%| 21,913 82.950 60.256 22.694| 27.4%
67% 1,437 4.958 4.010 0.948] 19.1%
50% 412 1.527 1.372 0.155| 10.2%
Total| 23,762 89.434 65.638 23.797] 26.6%
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4.2.2 Small commercial SDP load impacts

Table 4-6 summarizes estimated small commerciatpstomer load impact results from
the regression analysis described in Section Jieapfo 15-minute load data. Results
are shown for both Valley C events, by cyclingteigg and on average for all
participants. Estimated load impacts are stasijicignificant for three of the four
event/cycling-strategies, as showntistatistics and numbers in bold. Statistically
significant estimated load impacts per customegedrom 4.3 kwWh/hr to 4.8 kwh/hr,
representing percentage load reductions of 13 foet@nt. Estimated load impacts per
AC ton, shown in the last column, are reasonabhsistent across the two events (e.qg.,
both values are larger on the hotter SeptembeeBteand the 100 percent cycling value
is greater than that for partial cycling), and als® similar to the estimates for residential
SDP customers shown in Table 4-4.

Table 4-6: Estimated Small Commercial SDP Load Imacts by Event and Cycling
Strategy —Per-Customer

Est. Ref. Est. Load

Load Obs. Load | Impact | % Load LI/ AC

Evt] Date Day| Start Restore Dur. [ Tmp |Strategy pPartic. (kWhhr) (kWh/hr) | (kWh/hr) | Impact | t-stat | Ton
1| 26-Jul Tues| 14:03 14:30 |27 min| 88.3

100% 56 24.7 20.4 4.28 17.3%| 3.6 | 0.22

Partial 25 35.9 33.5 2.36 6.6%| 1.3 | 0.08

Total/Ave. 81 28.1 24.4 3.68 13.1% 0.16
2 | 8-Sep Thurs| 15:00 15:53 |53 min| 98.0

100% 58 26.1 21.3 4.79 18.3%| 3.9 | 0.25

Partial 27 33.3 29.0 4.34 13.0%| 2.2 0.14

Total/Ave. 85 28.4 23.8 4.65 16.4% 0.20

Similar to the case of residential load impacts cae provide information on the
uncertainty around the estimated load impacts usiagariances of the estimated event-
hour coefficients. We calculate average standamdsas a percent of the reference load
to be about 5 percent for both events. That i) bee 16.5 percent overall average load
impact for the September 8 event, where the loghats are estimated more precisely,
and the 13.3 percent load impact for the July ZSetave standard errors of about 5
percent.

Figures 4-19 and 4-20 show the hourly pattern efastimated load impact coefficients
on those two event days. Figure 4-19 shows sultstéoad reductions in all four quarter
hours of the nearly hour-long event on Septembdfi§ure 4-20 shows load reductions
in the second and third quarter hour within HEWBh the reduction for the 100% (Full)
cycling strategy substantially larger than thattfa partial strategy. Note that the
coefficients, which are based on the 15-minute detd, are in units of kWh/15-minutes,
and are thus one-fourth the magnitude of the valu@&sable 4-6, which have been
converted to units of kWh/hour.

41 CA Energy Consulting



Figure 4-19: Estimated Small Commercial Load Impats, by Cycling Strategy —
September 8 Event (kWh/15-minutes)
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Table 4-7 expands the per-customer results tortbgram level, as represented by the
approximately 90 commercial customers with Smart@gohdata, and reports loads and
load impacts in units of MWh/hr. Total load impaete about 0.3 MW for the July 26
event, and 0.4 MW for the September 8 event.

Table 4-7: Estimated Small Commercial SDP Load Imacts by Cycling Strategy —
Program Level

Est. Ref. Est. Load
Load Obs. Load | Impact | % Load
Evt] Date Day| Start Restore Dur. | Tmp [Strategy Partic. (MWh/hr)  (MWhthr) | (MWh/hr) | Impact
1| 26-Jul Tues| 14:03 14:30 |27 min| 88.3
100% 56 1.38 1.14 0.24 17.3%
Partial 25 0.90 0.84 0.06 6.6%
Total 81 2.28 1.98 0.30 13.1%
2| 8-Sep Thurs| 15:00 15:53 |53 min| 98.0
100% 58 152 1.24 0.28 18.3%
Partial 27 0.90 0.78 0.12 13.0%
Total 85 2.42 2.02 0.40 16.4%

We conducted additional analyses to explore traiogiship between load impacts
estimated with 15-minute data and those estimatddheurly data, with the objective of
potentially applying information on that relatiomnsho the residential load impact
estimates, for which only hourly data are availalM¢e restricted this analysis to
commercial customers with AC tonnage of less tHatolbest approximate conditions in
residential households.

Table 4-8 shows estimated load impacts for the lesm@mmercial customers for both
Valley C events, showing results using 15-minutalldata in the first panel and hourly
data in the second panel. Focusing on the Juhaléhour event (the estimates for the
hour-long event on September 8 are essentiallytichd)) the kwh/hour load impacts
estimated using hourly data are about 62 and 3%peof the estimates based on 15-
minute data, for the 100% and partial cycling siygtcustomers respectively. These
values are shown in Table 4-9. As described irptlegious section, these values were
used to adjust the estimated residential SDP logacts for the half-hour events.
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Table 4-8: Estimated Load Impacts for Low—AC-Tonnge Small Commercial SDP
Customers by Cycling Strategy -Per-Customer

Estimated
Reference Observed Estimated
Day of Load Load Load Impact | % Load
Evt] Date Week| Start Restore | Duration |Temp. |Strategy Partic. (KWh/hr) (KWh/hr) (KWhhr) Impact | t-stat
Data: 15-minute
1| 26-Jul  Tues| 14:03 14:30 27 min 88.3
100% 34 18.4 16.0 2.48 13.5%| 2.9
Partial 10 22.6 20.7 191 8.4%| 1.1
2| 8-Sep Thurs| 15:00 15:53 53 min 98.0
100% 36 19.6 16.8 271 13.9%| 3.1
Partial 11 23.8 20.4 3.43 14.4%| 2.0
Data: Hourly
1| 26-Jul  Tues| 14:03 14:30 27 min 88.3
100% 34 18.3 16.8 1.53 8.3%| 2.0
Partial 10 21.8 21.1 0.66 3.0%| 05
2| 8-Sep Thurs| 15:00 15:53 53 min 98.0
100% 36 19.6 16.8 271 13.9%| 3.4
Partial 11 23.8 20.4 3.43 14.4%| 2.5

Table 4-9: Relationship between Estimated Load Imgcts Using 15-Minute and
Hourly Load Data (Low—AC-Tonnage Small Commercial SDP CustomersGycling
Strategy)

Estimated Load
Data Impact (kWh/hr)
100% Partial

15-min 2.48 191
Hourly 1.53 0.66
Ratio 62% 35%

4.2.3 Large commercial SDP load impacts

Table 4-10 summarizes estimated load impacts oeier for the large commercial
customers from the regression analysis describ&tation 3, applied to 15-minute load
data. Results, which are scaled to units of kWthper?, are shown for each event for
the indicated A-Bank, and are distinguished bya@ustrs who selected the full or partial
cycling strategy. Information is shown for a numbgfactors, including day of week,
the quarter hours in which events occurred, aveteigeerature in the late afternoon
period (HE 13-18) in which all events were calladd the number of participants in each
group. The last six columns contain estimatedregiee load, observed load, estimated
load impact, percentage load impact, the averagatistic associated with the estimated
load impacts, and load impact per AC ton.

Estimated load impacts are statistically significainthe 90 percent level for seven of the
eighteen event/cycling-strategies, as shown by bstditistic values, and are nearly
significant (-statistic greater than 1.5) in four other casestistically significant load
impact estimates per customer range from abouk¥a@'hr to 180 kWh/hr, representing

% The 15-minute load data represent energy conswvithih that interval. To convert those valueshe t
rate of usage per hour, we multiply the 15-minwthugs, including load impact estimates, by a facfet.
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percentage load reductions of about 13 to 32 perdestimated load impacts per AC
ton, shown in the last column, are reasonably stersi across the statistically significant
estimates, ranging from about 0.6 to 1.3 kW. Thedees are somewhat higher than the
estimates for residential and small commercial $D8omers shown above.

Table 4-10: Estimated Large Commercial SDP Load Ipacts (kW) by Event —

Per-Customer
Est. Ref. Est. Load LI/ AC
Time Load Obs. Load Impact % Load Ton
Evt Date Day A-Bank | (QE) | Tmp | Strategy |Partic | (kWh/hr)  (kWh/hr) | (kWh/hr) | Impact | t-stat (kW)
1 26-Jul  Tues Valley C| 58-59
88.3 100% 5 237 209 27.6 11.6%] 0.90 0.18
88.3 Partial 1 557 425 1315 23.6%|] 2.79 0.94
Total/Ave. 6 290 245 44.9 15.5% 0.30
2 3-Aug  Wed MiraL| 57-58
97.0 100% 7 1,437 1,431 6.6 0.5%] 0.18 0.07
Partial
Total/Ave. 7 1,437 1,431 6.6 0.5% 0.07
3 8-Aug Mon Chino| 53-54
86.4 100% 6 465 383 82.0 17.6%| 1.12 0.37
87.2 Partial 5 559 379 179.7 32.2%) 2.27 0.60
Total/Ave. 11 508 381 126.4 24.9% 0.50
4 | 18-Aug Thur Walnut| 57-58
87.3 100% 31 1,158 1,001 156.3 13.5%| 2.62 0.62
87.3 Partial 1 794 674 119.6 15.1%| 1.65 0.51
Total/Ave. 32 1,146 991 155.2 13.5% 0.62
5 | 26-Aug Fri Villa Pk| 61-62
87.9 100% 32 465 359 106.3 22.8%| 1.81 0.73
85.2 Partial 5 290 246 44.2 15.2%| 1.24 0.44
Total/Ave. 37 442 344 97.9 22.2% 0.70
6 | 30-Aug Tues Mira L| 61-62
93.1 100% 7 1,467 1,418 49.0 3.3%] 1.33 0.54
Partial
Total/Ave. 7 1,467 1,418 49.0 3.3% 0.54
7 6-Sep Tues Chino| 63-64
96.6 100% 6 894 781 113.2 12.7%] 1.53 0.51
96.9 Partial 5 899 853 46.3 5.2%] 0.58 0.16
Total/Ave. 11 897 814 82.8 9.2% 0.32
8 8-Sep Thurs | Valley C| 61-64
98.0 100% 5 451 353 98.5 21.8%| 3.16 0.65
98.0 Partial 1 716 531 184.7 25.8%] 3.83 1.32
Total/Ave. 6 496 383 112.9 22.8% 0.75
9 | 20-Sep Tues Walnut| 61-62
80.3 100% 31 1,201 1,059 142.1 11.8%| 2.36 0.56
80.3 Partial 1 910 724 185.7 20.4%] 2.55 0.80
Total/Ave. 32 1,192 1,049 143.4 12.0% 0.57
10 | 29-Sep Thurs Villa Pk| 61-64
75.2 100% 32 360 296 63.8 17.7%] 1.59 0.44
72.8 Partial 5 278 247 30.4 10.9%| 1.27 0.30
Total/Ave. 37 349 290 59.3 17.0% 0.42

Figures 4-21 through 4-24 show the hourly pattefrthe estimated load impact
coefficients for the average customer on each igdirategy for the four event days that
applied to the two A-Banks associated with the g®anumber of customers — Walnut
and Villa Park. Figure 4-21 illustrates load retitues in quarter hours-ending 57-58 for
the August 18 event for Walnut, while Figure 4-Bpws load reductions in QE 61-62

for the August 26 event for Villa Park. Note thia¢ coefficients, which are based on the
15-minute load data, are in units of kWh/15-minugesd are thus one-fourth the
magnitude of the values in Table 4-10, which hasenbconverted to units of kwh/hour
(and also follow the convention of reporting loaductions as positive values).
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Figure 4-21: Estimated Large Commercial Load Impats, by Cycling Strategy —
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Figure 4-22: Estimated Large Commercial Load Impats, by Cycling Strategy —
August 26 Event (QE 61-62); Villa Park
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Figure 4-23 shows load reductions in QE 61-62 falMit on September 20, while
Figure 4-24 shows load reductions in QE 61-64Herhiour-long Villa Park event on
September 29.
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Figure 4-23: Estimated Large Commercial Load Impats, by Cycling Strategy —
September 20 Event (QE 61-62); Walnut

20

. \vwv T =
|
|

-60

Estimated Load Impact (kWh/15-min)

-70

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93
Quarter Hour

Figure 4-24: Estimated Large Commercial Load Impats, by Cycling Strategy —
September 29 Event (QE 61-64); Villa Park
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Table 4.11 expands the per-customer results tpribgram level represented by this
subset of large commercial customers. It doesysaddtiplying per-customer results by
the number of customer accounts participating chesvent and reporting load values in
units of MWh per hour, or MW. Estimated overakébimpacts range across events from
about 0.05 MW to 0.4 MW for events associated wethatively few participants (e.g.,
Valley C, Mira Loma, and Chino), and from 2 MW td/8V for events for A-Banks
associated with more than thirty participants @Mark and Walnut). In the latter two
cases in particular, load impacts appear to varebperature level; they are higher for
events 4 and 5, for which afternoon average tenyp@saveraged about 87 degrees,
than for events 9 and 10, which both occurred oremwoderate days.
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Table 4-11: Estimated Large Commercial SDP Load Iipacts (MW) by Event —
Program Level

Est. Ref. Est. Load

Time Load Obs. Load Impact % Load
Evt Date Day A-Bank | (QE) | Tmp | Strategy |Partic | (MWh/hr) (MWh/hr) | (MWh/hr) | Impact

1 26-Jul Tues | Valley C| 58-59
88.3 100% 5 1.18 1.05 0.14 11.6%
88.3 Partial 1 0.56 0.43 0.13 23.6%
Total/Ave. 6 1.74 1.47 0.27 15.5%

2 3-Aug  Wed Mira L| 57-58
97.0 100% 7 10.06 10.02 0.05 0.5%

Partial

Total/Ave. 7 10.06 10.02 0.05 0.5%

3 8-Aug Mon Chino| 53-54
86.4 100% 6 2.79 2.30 0.49 17.6%
87.2 Partial 5 2.79 1.89 0.90 32.2%
Total/Ave. 11 5.58 4.19 1.39 24.9%

4 | 18-Aug Thur Walnut| 57-58
87.3 100% 31 35.89 31.04 4.85 13.5%
87.3 Partial 1 0.79 0.67 0.12 15.1%
Total/Ave. 32 36.68 31.71 4.97 13.5%

5 | 26-Aug  Fri Villa Pk| 61-62
87.9 100% 32 14.89 11.49 3.40 22.8%
85.2 Partial 5 1.45 1.23 0.22 15.2%
Total/Ave. 37 16.34 12.72 3.62 22.2%

6 | 30-Aug Tues MiraL| 61-62
93.1 100% 7 10.27 9.93 0.34 3.3%

Partial

Total/Ave. 7 10.27 9.93 0.34 3.3%

7 6-Sep Tues Chino| 63-64
96.6 100% 6 5.37 4.69 0.68 12.7%
96.9 Partial 5 4.50 4.26 0.23 5.2%
Total/Ave. 11 9.86 8.95 0.91 9.2%

8 8-Sep Thurs | Valley C| 61-64
98.0 100% 5 2.26 1.76 0.49 21.8%
98.0 Partial 1 0.72 0.53 0.18 25.8%
Total/Ave. 6 2.97 2.30 0.68 22.8%

9 | 20-Sep Tues Walnut| 61-62
80.3 100% 31 37.24 32.84 4.40 11.8%
80.3 Partial 1 0.91 0.72 0.19 20.4%
Total/Ave. 32 38.15 33.56 4.59 12.0%

10 | 29-Sep Thurs Villa Pk| 61-64
75.2 100% 32 11.52 9.48 2.04 17.7%
72.8 Partial 5 1.39 1.24 0.15 10.9%
Total/Ave. 37 12.91 10.72 2.19 17.0%

4.3 Hourly Loads and Load Impacts

This section illustrates hourly load impacts fovesal of the 2011 SDP events, for the
residential, small commercial and large commeIl8@P participants covered by this
study. The loads and load impacts, including wag&y ranges, are in the format

required by the DR Protocols. Tables for all eseartd cycling strategies are provided in

table generator spreadsheets listed in the Appendix
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4.3.1 Residential SDP

Table 4-12 shows results for the September 8 Valleyent, for the 100 percent cycling
strategy which most of the residential participdatsvhom SmartConnect data were
available experienced. The values represent pmodgael results (in units of

MWh/hour) after applying the number of participamshe relevant area/strategy group
to the per-customer estimates. The first four wwis show the estimated reference load,
observed event-day load, estimated load impacttemgerature for each hour. The next
five columns report uncertainty-adjusted load impat the 18, 30", 50", 70" and 98"
percentile, based on variances of the estimateatlitopact coefficients. For the event
shown, the 16 and 98 percentile values range only 0.1 percent abovebatmlv the
estimated load impact of 27.4 percent.

Table 4-12: Loads and Load Impacts — Residentiall3; Valley C; 100% Cycling
Strategy; September 8 EventProgram Level

Observed
Estimated Event-Day Estimated
Reference Load Load Load Impact Average Uncertainty Adjusted Impact (MWh/hr) - Percentiles
(MWhthr) (MWh/hr) (MWh/hr) |Temperature (°F)
1 311 31.8 -0.7 77.0 -0.7 -0.7 -0.7 -0.7 -0.7
2 23.8 26.9 -3.1 75.9 =341 =31 -3.1 =31 -3.1
3 221 239 -1.8 74.0 -1.8 -1.8 -1.8 -1.8 1.7
4 21.2 217 -0.5 72.3 -0.6 -0.5 -0.5 -0.5 -0.5
5 20.0 20.4 -0.4 723 -04 -0.4 -0.4 -0.4 -0.4
6 20.6 20.8 -0.2 69.7 -0.2 -0.2 -0.2 -0.2 -0.2
7 22.8 23.1 -0.4 722 0.4 -0.4 -0.4 -0.4 -0.4
8 24.0 245 -0.5 785 -0.5 -0.5 -0.5 -0.5 -0.4
9 26.9 27.3 -0.4 84.9 -04 -0.4 -0.4 -0.4 -0.3
10 31.6 32.1 -0.5 91.0 -0.5 -0.5 -0.5 -0.5 -0.4
11 39.3 39.5 -0.2 95.5 -0.2 -0.2 -0.2 -0.2 -0.2
12 47.9 48.5 -0.6 97.7 -0.6 -0.6 -0.6 -0.6 -0.6
13 57.8 58.3 -0.5 99.6 -0.5 -0.5 -0.5 -0.5 -0.5
14 67.8 67.7 0.1 100.2 0.1 0.1 0.1 0.1 0.1
15 75.7 75.5 0.1 100.1 0.1 0.1 0.1 0.2 0.2
16 82.9 60.3 227 99.1 22.7 22.7 22.7 22.7 22.7
17 87.0 91.0 -4.0 97.4 -4.0 -4.0 -4.0 -3.9 -3.9
18 84.8 87.9 -3.1 91.3 -3.2 -3.1 -3.1 -3.1 -3.1
19 76.5 78.0 -1.5 84.3 -15 -15 -1.5 -15 -1.5
20 66.0 66.8 -0.8 80.1 -0.8 -0.8 -0.8 -0.7 -0.7
21 57.3 58.4 -1.1 773 -1.1 -1.1 -1.1 -1.1 -1.1
22 46.4 484 =21 74.9 21 21 =21 2.0 -2.0
23 40.2 3r.7 25 726 25 25 25 2.6 2.6
24 28.9 28.8 0.1 70.5 0.0 0.1 0.1 0.1 0.1
Reference Energ Uncertainty Adjusted Impact (MWh/hr) - Percentiles
Use Energy Use | Energy Use F) [ 50th | 90th
Daily 1108 | 109 | 34 | 299 | nwa | nwa | na | na | na

Figure 4-25 illustrates the loads and load imp#mtshe same event as in Table 4-12, but
on a per-customer basis. The load reduction ®otie-hour event is followed by small
increases in usage over the next several hours.
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Figure 4-25: Loads and Load Impacts — ResidentiéDP; Valley C; 100% Cycling
Strategy; September 8 EventPer-Customer Level
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4.3.2 Small commercial SDP

Table 4-13 shows hourly loads and load impactstieall commercial SDP for the
September 8 Valley C event, for the 58 participahtsosing the 100 percent cycling
strategy. The values represent program-level teéul units of kWh/hour) after
applying the number of participants in the areatstyy group to the per-customer
estimates. The fand 9 percentile values range 4.1 percent above anaviale
estimated load impact of 17.7 percént.

22 For convenience of presentation, the table anddigre based on estimates using hourly data,rrathe
than the 15-minute data used in reporting averagateeriod load impacts in Table 4-6. For therhou
long September 8 event, there is no differencléraiverage estimated load impact for the full hour.
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Table 4-13: Loads and Load Impacts — Small Commeial SDP; Valley C; 100%
Cycling Strategy; September 8 EventProgram Level

Estimated Observed Estimated
Reference Load | Event-Day | Load Impact Average Uncertalnty Adjusted Impact (kWh/ hr) - Percentiles
(kWhhr) Load (kWh/hr)]  (kWhihr) | Temperature (°F)

1 586.4 77.0 -59.1 52.5 -47.9 -43.4

2 4813 541.4 -60.0 75.9 -72.8 65.3 -60.0 -54.8 47.3
3 498.5 537.6 -39.1 74.0 51.3 -44.1 -39.1 -34.1 -26.8
4 4841 535.2 51.0 723 62.4 -55.7 -51.0 -46.4 -39.7
5 480.1 544.9 -64.7 723 -76.1 69.4 -64.7 -60.1 534
6 556.1 619.1 63.1 69.7 -74.4 67.7 -63.1 -58.4 517
7 620.8 679.4 -58.6 722 -70.0 63.3 -58.6 -54.0 -47.2
8 830.2 837.7 7.4 785 -18.8 -12.1 7.4 2.8 39
9 1,091.3 1,099.1 -7.8 84.9 -19.2 -12.5 -7.8 3.2 35
10 1,289.9 1,260.8 29.1 91.0 17.8 245 29.1 338 405
11 1,436.1 1,468.8 -32.7 95.5 -44.1 -37.4 -32.7 -28.1 213
12 1,654.7 1,545.2 9.5 97.7 -1.9 48 9.5 141 209
13 1,611.6 1,575.9 35.7 99.6 24.3 31.1 35.7 40.4 47.1
14 1,666.7 1,649.9 16.8 100.2 55 12.2 16.8 215 28.2
15 1,638.5 1,604.3 342 100.1 229 296 34.2 389 456
16 1,567.1 1,289.3 277.9 99.1 266.5 273.2 277.9 2825 289.2
17 1,446.8 1,327.8 119.0 97.4 107.7 114.4 119.0 123.7 130.4
18 1,237.3 1,170.8 66.5 91.3 55.1 61.8 66.5 711 778
19 1,171.6 1,091.0 80.6 84.3 69.2 75.9 80.6 85.2 91.9
20 1,127.5 1,069.6 57.9 80.1 46.3 53.2 57.9 62.7 69.5
21 1,027.4 993.3 34.1 773 22.0 29.1 34.1 39.0 46.1
22 871.6 894.2 226 74.9 -36.3 -28.2 -22.6 -17.0 -8.9
23 705.7 704.1 1.5 726 -12.4 4.2 1.5 7.2 15.4
24 572.7 578.4 5.7 705 -19.7 114 5.7 0.1 8.4

Reference Energy| Uncertainty Adjusted Impact (kWh/hr) - Percentiles
Energy Use | Energy Use F) [ 50th |
Daily 24506 | 24204 | 3021 | 299 | nwa | na | na | na

Figure 4-26 illustrates the loads and load imp#mtshe same event as in Table 4-13, but
on a per-customer basis. In contrast to the resalecase, the load reduction for the one-
hour event in HE 16 is followed by additional retlos in usage over the next several
hours.
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Figure 4-26: Loads and Load Impacts — Small Commeral SDP; Valley C; 100%
Cycling Strategy; September 8 EventPer-Customer Level
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4.3.3 Large commercial SDP

Tables 4-14 and 4-15 show quarter-hourly loadsl@ad impacts for large commercial
SDP for two events for Walnut and Villa Park, withich the largest number of
customers are associated. Table 4-14 shows résuttsee August 18 event for Walnut
for the 31 participants choosing the 100 percealing strategy. In this case the values
represent customer-level results (in units of kVhf), and for space reasons are shown
only for the afternoon hours from noon to 6 p.mE(EB to 18). The event period of QE
57-58 is highlighted. The ftand 98" percentile values range 8.8 percent above and
below the average load impact of 13.5 percent adtastwo quarter hours.
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Table 4-14: Loads and Load Impacts — Large Commeral SDP; Walnut; 100%
Cycling Strategy; August 18 Event (QE 57-58)Per-Customer Level

Estimated | Observed
Reference | Event-Day | Estimated

Interval Load
Ending (kWhihr) | (kWhhr)

49 1,064.9 1,038.1 26.8 86.2 13.2 212 26.8 324 40.5
50 1,078.3 1,054.7 23.6 86.2 10.0 18.1 23.6 29.2 373
51 1,080.5 1,066.3 14.2 86.2 0.6 8.6 14.2 19.8 279
52 1,090.9 1,073.5 17.5 86.2 38 11.9 17.5 231 311
53 1,121.5 1,078.8 42.7 88.6 291 3741 42.7 48.3 56.4
54 1,128.4 1,114.5 13.8 88.6 0.2 8.2 13.8 19.4 275
55 1,134.3 1,120.4 13.8 88.6 0.2 8.2 13.8 19.4 275
56 1,119.5 1,131.9 -12.3 88.6 -26.0 -17.9 -12.3 6.7 1.4

57 1,161.3 1,070.8 90.5 89.9 76.8 84.9 90.5 96.1 104.2
58 1,153.9 931.8 2221 89.9 208.4 216.5 2221 221.7 235.8
59 1,128.6 980.5 148.1 89.9 134.3 1424 148.1 153.7 161.8
60 1,136.4 1,084.8 51.6 89.9 379 46.0 51.6 57.2 65.3
61 1,074.6 1,029.4 452 88.8 316 39.7 452 50.8 58.9
62 1,030.6 998.0 326 88.8 18.9 27.0 32.6 38.2 46.2
63 992.1 955.4 36.7 88.8 231 311 36.7 42.3 50.4
64 954.0 929.8 243 88.8 10.6 18.7 24.3 29.9 37.9
65 892.6 873.5 19.1 86.8 53 134 191 247 328
66 865.0 851.0 13.9 86.8 0.1 8.3 13.9 19.6 217
67 821.6 806.9 14.7 86.8 0.9 9.1 14.7 204 28.5
68 790.7 788.0 2.7 86.8 -11.1 29 2.7 84 16.5
69 738.8 751.3 -12.6 83.5 -26.5 -18.3 -12.6 -6.9 1.4

70 689.3 696.2 6.9 83.5 -20.8 -12.6 6.9 -1.2 71

71 654.7 665.8 -11.0 83.5 -25.0 -16.7 -11.0 53 2.9

72 639.6 647.3 1.7 83.5 216 -134 -1.7 -2.0 6.3

Uncertainty Adjusted Impact (kWh/hr) - Percentiles

Cooling
Degree
Observed Hours
Reference | Event-Day | Change in
Energy Use | Energy Use| Energy Use 10th 30th 70th
/a | n/a | n/a | n/a |

Daily | 23542 | 22739 | 8037 | 2052 | n

n/a

Figure 4-27 illustrates the loads and load impaci&able 4-14. Note the unexpectedly
low estimated load reduction in the first intergathe event, and the continuation of the
load reduction into the interval following the ev¢QE 59). Both suggest a possible
delay in the actual dispatch of the event.
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Figure 4-27: Loads and Load Impacts — Large Commeial SDP; Walnut; 100%
Cycling Strategy; August 18 Event (QE 57-58)Per-Customer Level
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Table 4-15 shows results for the August 26 evenYiita Park, for the 32 participants
choosing the 100 percent cycling strategy. Theeperiod in this case is QE 61-62.
The 10" and 98" percentile values range 12.5 percent above ammhvitble average load
impact of 22.8 percent across the two quarter hours
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Table 4-15: Loads and Load Impacts — Large Commeral SDP; Villa Park; 100%
Cycling Strategy; August 26 Event (QE 61-62)Per-Customer Level

Estimated | Observed | Estimated
Reference |Event-Day] Load

Load Load Impact | Average Uncertalnty Adjusted Impact (kWh/hr) - Percentiles
(kWhihr) | (kWhihr) | (kWhihr)

49 583.6 593.4 -9.8 90.3 -23.1 -15.2 -9.8 4.4 34

50 581.5 595.0 -13.6 90.3 -26.8 -19.0 -13.6 8.1 0.3
51 587.3 602.5 -15.2 90.3 -28.4 -20.6 -15.2 -9.8 -1.9
52 603.9 616.0 -12.1 90.3 -25.4 -17.6 -12.1 -6.7 1.1

53 617.4 647.5 -30.1 89.5 -43.2 -35.5 -30.1 -24.8 -17.1
54 641.0 668.2 -27.2 89.5 -40.2 -32.5 -27.2 -21.8 -14.1
55 641.2 679.9 -38.7 89.5 -51.8 -44.1 -38.7 -33.4 -25.7
56 637.2 675.3 -38.1 89.5 -51.1 -43.4 -38.1 -32.7 -25.0
57 642.3 688.1 -45.7 874 -59.0 -51.1 -45.7 -40.3 -32.5
58 631.3 685.3 -54.0 87.4 -67.2 -59.4 -54.0 -48.6 -40.7
59 618.2 665.4 -47.3 87.4 -60.5 -52.7 473 -41.9 -34.0
60 579.1 630.3 -51.2 87.4 -64.4 -56.6 -51.2 -45.8 -38.0
61 479.5 396.6 82.9 89.3 69.6 775 82.9 88.3 96.2
62 450.9 321.3 129.6 89.3 116.3 124.2 129.6 135.1 142.9
63 365.2 314.2 51.0 89.3 37.7 455 51.0 56.4 64.3
64 303.7 329.8 -26.0 89.3 -39.4 -31.5 -26.0 -20.6 -12.7
65 289.7 308.9 -19.2 88.3 -32.7 -24.7 -19.2 -13.7 -5.7
66 268.2 291.0 -22.7 88.3 -36.2 -28.3 -22.7 -17.2 -9.3
67 241.9 262.1 -20.2 88.3 -33.6 -25.7 -20.2 -14.6 -6.7
68 213.0 2347 -21.8 88.3 -35.2 -27.3 -21.8 -16.2 -8.3
69 197.7 2133 -15.5 82.3 -29.4 -21.2 -15.5 -9.9 -1.7
70 190.6 195.6 -5.0 82.3 -18.9 -10.7 -5.0 0.6 8.8

71 180.4 196.2 -15.8 82.3 -29.6 -214 -15.8 -10.1 -1.9
72 170.3 185.7 -15.4 82.3 -29.3 -21.1 -15.4 -9.8 -1.6

Cooling
Degree

Hours
Reference
Energy Use

Daily | 10715 | 10996 | 2814 | 3085 | na | na | nwa | na n/a

Figure 4-28 illustrates the loads and load impaci&able 4-15.
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Figure 4-28: Loads and Load Impacts — Large Commeial SDP; Villa Park; 100%
Cycling Strategy; August 26 Event (QE 61-62)Per-Customer Level
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5. Validity Assessment

The validity of the results from this study maydssessed with regard to two factors.
One has to do with how well the regression modetké data, which in the case of this
study is represented by day-to-day differencelhémaverage loads of SDP participants
grouped by location and cycling strategy chosemrasdires of goodness of fit are
provided in Table 5-1. More than half of the R-aigpd values exceed 0.7 in value.
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Table 5-1: R-Squared Values for Regression Equatis, by Customer Type, A-Bank

Area, and Cycling Strategy

Residential Small Commercial Large Commercial
Strategy R - Strategy R - Strategy R -
A-Bank (%) Squared (%) Squared (%) Squared

Chino Full 0.535
Chino Partial 0.566
Mira Loma 100 0.757 Full 0.878
Mira Loma 67 0.666

Mira Loma 50 0.414

Valley C 100 0.819 Full 0.775 Full 0.453
Valley C 67 0.827| Partial 0.778| Partial 0.739
Valley C 50 0.821

Villa Park Full 0.556
Villa Park Partial 0.675
Walnut Full 0.859
Walnut Partial 0.685

The other factor has to do with the precision aiidlbility of the estimated load impacts.
One issue related to this factor for the residépbation of the analysis is that the
duration of most of the SDP test events was 30 tagar less, while the SmartConnect
data available for the residential customers wergly in resolution. As a result, the
estimated load impacts for the one hourly event3eptember 8), which was
experienced by most of the residential SDP paditipincluded in the study, may be
viewed with considerable confidence. However,dbémated load impacts for the half-
hour events understate the actual load reducttaatsoccurred during the specific period
of load control. We used information from analysis subset of the small commercial
customers, using data at both hourly and 15-miredelution, to construct factors for
adjusting the residential load impacts for partshexents. While the approach and
magnitude of adjustment factors are reasonablg,arebased on data for only one
event, and no higher-resolution data for the redidecustomers are available for
verification. In future years, this issue shouddléss of a factor, as more and longer
(e.g., one-hour) events are planned.

6. Conclusions and Recommendations

This study is one of first to make use of inteeald data from SCE’s SmartConnect
metering system in a load impact evaluation, arapgay the premise-level
SmartConnect data to estimate load impacts fronsthremer Discount Plan, a direct
load control air conditioner cycling program. Hoais evaluations of AC cycling
programs have relied on data from direct instalfabf meters or data loggers on small
samples of participants’ AC units, or on estimdtesowed from other utilities. Load
impacts were estimated for residential and smatiroercial SDP participants who
experienced localized dispatch SDP test event®1d 2and who had begun receiving
bills based on SmartConnect meters. Load impaets @aiso estimated for large
commercial SDP participants, the majority of whiakre schools, using interval load
data from interval data recorders (IDR) that hagerbin place for several years.
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This study is limited by the design of the testrégeby the fact that it covers only a
portion of SDP patrticipants due to limited interwater data availability, and that many
of the test events were a half-hour or less intthra With the availability of only hourly
interval data for the residential participantsireated load impacts for part-hour events
are under-stated. In those cases, we adjustetergsil load impact estimates using
factors based on the results for small commercisiamers, using both 15-minute and
hourly data. Both of these limitations should égalved in future evaluations. Much
more SmartConnect data will become available, andmmendations are to call more
SDP events, presumably of longer duration, eithexugh more test events or as a
consequence of the transition of residential SD& pace-based program.

Appendices

The following Appendices accompany this report.rEigcan Excel file that can produce
the ex post tables required by the Protocols.

Appendix A: SCE SDP Ex Post Protocol Tables Regsiden
Appendix B: SCE SDP Ex Post Protocol Tables Smaih@ercial
Appendix C: SCE SDP Ex Post Protocol Tables Large@ercial
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