
I

LBL—27114 

DE90 00 8045

Residential End-Use Load Shape Data Analysis

Final Report

April 1989

Henry Ruderman, Joseph H. Eto,
Kristin Heinemeier, Amos Golan and David J. Wood

Energy Analysis Program 
Lawrence Berkeley Laboratory 

University of California 
1 Cyclotron Rd.

Berkeley CA 94720

This research was sponsored by the Universitywide Energy Research Group with funding from the Califor
nia Energy Commission under Contract No. 300-85-008 and by the Assistant Secretary for Conservation 
and Renewable Energy, Office of Building and Community Systems, Building Systems Division of the 
U.S. Department of Energy under Contract No. DE-AC03-76SF00098.

MASTER ^
DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency 
thereof.

DISCLAIM ER

Portions of this document may be illegible in electronic image 

products. Images are produced from the best available 

original document.



Table of Contents

Page

I Introduction 1-1

II The CEC Residential Peak Model II-1

III Data Sources III-l

IV Non-Conditioning End Uses IV-1

V Conditioning End Uses V-l

VI Comparison with Existing CEC Load Shape Data VI-1

VII Directions for Future Research VII-1

VIII References VIII-1

Appendix A The California Energy Commission Residential Peak Model A-l

Appendix B Sources of Residential End-Use Load Shape Data B-1

Appendix C Data Analysis Procedures C-l

Appendix D Data Tables for Sections IV and V D-l

Appendix E Supporting Data Tables for Section IV E-l

Appendix F Smoothing the Time-Temperature Matrices F-l



List of Tables

Page

Table E-l CEC Residential Peak Model End Uses E-l
Table EM Summary of Residential Households in

Utility End-Use Metering Projects IB-2
Table IV-1 PG&E Seasonal Adjustment Factors and UECs IV-2
Table IV-2 SCE Seasonal Adjustment Factors and UECs IV-8
Table VI-1 Comparison of Seasonal Adjustment Factors VI-2
Table D-l PG&E Refrigerator - Daily Load Shape D-2
Table D-2 PG&E Water Heater - Daily Load Shape D-3
Table D-3 PG&E Clothes Dryer - Daily Load Shape D-4
Table D-4 PG&E Cooking - Daily Load Shape D-5
Table D-5 SCE Refrigerator - Daily Load Shape D-6
Table D-6 SCE Freezer - Daily Load Shape D-7
Table D-7 SCE Cooking - Daily Load Shape D-8
Table D-8 SCE Clothes Dryer - Daily Load Shape D-9
Table D-9 SCE Clothes Washer - Daily Load Shape D-10
Table D-10 SCE Dishwasher - Daily Load Shape D-ll
Table D-11 SDG&E Water Heating - Daily Load Shape D-12
Table D-12 PG&E Central Air Conditioner Time-Temperature Matrix D-13
Table D-13 PG&E Room Air Conditioner Time-Temperature Matrix D-14
Table D-14 SCE Central Air Conditioner Time-Temperature Matrix D-15
Table D-15 SCE Room Air Conditioner Time-Temperature Matrix D-16



List of Figures

Figure IV-1 PG&E Refrigerator - Daily Load Shape IV-4
Figure IV-2 PG&E Water Heater - Daily Load Shape IV-5
Figure IV-3 PG&E Clothes Dryer - Daily Load Shape IV-6
Figure IV-4 PG&E Cooking - Daily Load Shape IV-7
Figure IV-5 SCE Refrigerator - Daily Load Shape IV-10
Figure IV-6 SCE Freezer - Daily Load Shape IV-11
Figure IV-7 SCE Cooking - Daily Load Shape IV-12
Figure IV-8 SCE Clothes Dryer - Daily Load Shape IV-13
Figure IV-9 SCE Clothes Washer - Daily Load Shape IV-14
Figure IV-10 SCE Dishwasher - Daily Load Shape IV-15
Figure IV-11 SDG&E Water Heating - Daily Load Shape IV-17
Figure V-l PG&E Central Air Conditioning Time-Temperature Matrix V-3
Figure V-2 PG&E Room Air Conditioning Time-Temperature Matrix V-4
Figure V-3 SCE Central Air Conditioning Time-Temperature Matrix V-5
Figure V-4 SCE Room Air Conditioning Time-Temperature Matrix V-6
Figure VI-1 Load Shape Comparison - Refrigerator VI-5
Figure VI-2 Load Shape Comparison - Freezer VI-6
Figure VI-3 Load Shape Comparison - Cooking VI-7
Figure VI-4 Load Shape Comparison - Clothes Washer VI-8
Figure VI-5 Load Shape Comparison - Clothes Dryer VI-9
Figure VI-6 Load Shape Comparison - Dishwasher VI-10
Figure VI-7 Load Shape Comparison - Water Heating VI-11
Figure VI-8 Load Shape Comparison - Central Air Conditioning VI-14
Figure VI-9 Load Shape Comparison - Room Air Conditioning VI-15
Figure VI-10 Load Shape Comparison - Room Air Conditioning VI-16
Figure F-l PG&E Central Air Conditioning

Time-Temperature Matrix - Smoothed F-6
Figure F-2 PG&E Room Air Conditioning

Time-Temperature Matrix - Smoothed F-7
Figure F-3 SCE Central Air Conditioning

Time-Temperature Matrix - Smoothed F-8

Figure F-4 SCE Room Air Conditioning
Time-Temperature Matrix - Smoothed F-9



ABSTRACT

Reliable data on end-use load shapes are important for forecasting electricity demand in 
least-cost utility planning. This report analyzes available residential end-use metered 
data collected by California utilities to use with an electricity peak demand forecasting 
model developed by the California Energy Commission. Representative daily load 
shapes for four seasons are developed for seven residential non-space-conditioning end 
uses. Hourly energy use for space conditioning end uses (central air conditioning and 
room air conditioning) is modeled with matrices that express energy use as a function of 
time of day, temperature and humidity. Exploratory work to represent these matrices 
with analytic functions is also presented.
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I. INTRODUCTION

Accurate forecasts of energy demand are important for least-cost utility planning. In particular, 
demand-side management planning requires that forecasts represent in detail the load shape 
impacts of the end uses affected by demand-side programs. End-use load data, however, are 
scarce and expensive to obtain. The work described in this report analyzes recent metered data 
from California utility studies, intended for use by the California Energy Commission’s (CEC) 
peak demand forecasting model.

The California Energy Commission developed and uses a peak model to forecast electrical load 
growth separately for each utility planning area in the state. The model calculates hourly loads 
for a system peak day based on end-use-specific daily load shapes and seasonal allocation fac
tors. It is part of a suite of interconnected models that are used by the Commission staff to 
develop independent forecasts of energy and load growth for comparison to those submitted 
biennially by the utilities. In each forecasting cycle, CEC upgrades its models and data to 
improve forecasting capability. As part of this effort, the commission has contracted with the 
Energy Analysis Program of the Lawrence Berkeley Laboratory (LBL), through the University
wide Energy Research Group at the University of California, to provide more recent data on 
daily load shapes for CEC’s residential peak model. (CEC funding was supplemented with sup
port from the Department of Energy’s Least-Cost Utility Planning project.)

The major purpose of the work reported here is to use available, measured, end-use hourly data 
to develop new load shapes for the CEC residential peak model. The load shapes currently used 
were derived from monitored load data, engineering estimates, and staff judgment. The moni
tored data were not measured in California and are generally 15 to 20 years old. The engineer
ing data have never been validated with measured data.

A second purpose of this project is to assist CEC staff in transforming the peak model into an 
hourly load forecasting model. Forecasting hourly loads throughout the year will create connec
tions between the demand forecast models and supply planning models used by CEC. We will 
use our analysis to comment on the availability of end-use load data to support this transforma
tion.

This report consists of seven sections following the introduction. In section II, we briefly sum
marize existing documents that describe the formal structure of the CEC Residential Peak 
Model. In section HI, we describe our utility sources for data. In section IV, we report our 
analysis for the non-conditioning end uses. In section V, we discuss results for the conditioning 
end uses. In section VI, we compare the new load shapes to those currently used by CEC. In 
section VII, we use our analysis to comment on additional areas for analysis and on prospects for 
hourly load shape forecasting. In addition, the report also includes six technical appendices.
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II. THE CEC RESIDENTIAL PEAK MODEL

The analysis described in this report provides new load shape inputs for use in the CEC Residen
tial Peak Model. We first present a brief review of the unique features of this model to help the 
reader understand our results. A detailed treatment of the equations used by the model is pro
vided in Appendix A.

The CEC Residential Peak Model (RPM) forecasts peak day residential electricity demands by 
end use for each utility planning area in California. The RPM relies on forecasts of end-use 
annual electricity consumption from the CEC Residential Energy Demand Forecasting Model. 
However, the forecasts of annual electricity consumption are richer in detail than those accepted 
by the RPM, so aggregations of end uses from the annual forecasts are required. For example, 
the forecast of annual electricity use for refrigerators is developed separately for several vin
tages, but the RPM produces only a single load shape for the end use called refrigerators. Table 
II-1 summarizes the end uses of the RPM and indicates those analyzed in this report.

Table II-1. CEC Residential Peak Model End Uses

Non-Conditioning Conditioning

Refrigerators * Central A/C - Single Family *
Freezers * Central A/C - Multi-Family
Water Heaters - Single Family * Room A/C *
Water Heaters - Multi-Family Space Heating - Single Family
Clothes Washers *
Cooking *
Dryers *
Dishwashers *
Lighting and Miscellaneous 
Television
Pool Pumps
Solar Backup
Solar Pool Pump
Solar Water Heater

Space Heating - Multi-Family

* End uses analyzed in this study

In three steps, the RPM allocates annual residential electricity consumption, by end use, into an 
hourly load profile for the system peak day. First, the model allocates the annual electricity con
sumption to peak day electricity consumption. Second, it distributes the peak day electricity 
consumption to hourly loads using daily load shapes. Third, the model sums the hourly loads
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across end uses to produce the total hourly residential loads for the peak day. The first two steps 
are performed separately for non-conditioning and conditioning end uses.

For non-conditioning end uses, the allocation of annual energy to energy on the system peak day 
is performed using fixed allocation factors. These factors are developed separately for four sea
sons. Hourly energy use is determined by using normalized daily load shapes to allocate peak 
day energy use to each hour.1

Accordingly, the analysis of non-conditioning load shapes in this study is presented in two steps. 
First, we will present the seasonal allocation factors. These factors have been normalized to 
represent the ratio of daily energy use in a season to average daily energy use (i.e. total annual 
energy use divided by number of days in a year). Second, we will present separate daily load 
shapes for each season. These load shapes, too, have been normalized. In this case, the values 
presented represent fractions of total daily energy. This form of representation has the unin
tended effect of making the seasonal daily load shapes look more similar than they really are. 
Since daily energy use varies among seasons, the actual seasonal daily load shape must be found 
by multiplying annual energy use times the seasonal adjustment factor times the daily load shape 
values.

For space-conditioning end uses, allocation of annual energy to energy use on the peak day is 
performed using a weighted average of weather conditions for the peak day and the two previous 
days. Peak day energy use is allocated to hours of the day using a matrix of values that relate 
energy use in a given hour to weather conditions for that hour. The weather conditions incor
porate humidity and dry-bulb temperature.

In the present study, we have not re-estimated the weighting factors used by CEC to allocate 
annual space conditioning energy use to the peak day. We have, however, developed new 
matrices that relate peak day energy use to time of day and the temperature and humidity condi
tions found at each hour. We also present results of our exploratory efforts to fit these matrices 
with analytic functions.

1 This method assumes that, for a given season, energy consumed on the peak day for non
conditioning end uses is identical to that consumed by these end uses on non-peak days. The sea
sons are winter (Dec.-Feb.), spring (Mar.-May), summer (June-Sept.), and fall (Oct.-Nov.)
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m. DATASOURCES

Until recently, measured end-use load shape data were only available from a handful of limited 
load metering experiments. Despite the high cost of collecting these data, several utilities have 
recently begun large-scale projects. The best known include Bonneville Power Authority’s 
End-use Load and Conservation Assessment Program [Stokes and Hauser 1986], Sierra Pacific 
Power Company’s Energy Information Project [Sierra Pacific Power Company 1986], Pacific 
Gas and Electric Company’s Appliance Metering Project [Pacific Gas and Electric Company 
1987], and Southern California Edison Company’s Residential Appliance End-Use Survey 
[Quantum Consulting 1988].

For this study, we were fortunate to use data from projects of the Pacific Gas and Electric Com
pany (PG&E) and Southern California Edison Company (SCE). We were also able to analyze 
some of the data collected by the San Diego Gas and Electric Company (SDG&E) from evalua
tions of their residential load management programs. Appendix B reviews all data sources con
sidered for the study.

We present background and unique features of these data in this section so the reader can com
pare the resulting analyses to his or her needs. One example of limits on interpreting our data 
comes from the PG&E metering project. The metering sites used by PG&E, were identified 
through application of specific statistical sampling procedures. We did not incorporate the asso
ciated statistical sampling weights developed by PG&E, however, so our analyses may not be 
statistically representative of residential loads for the PG&E system. They are, nevertheless, 
representative of residential loads for the specific sample of metered PG&E sites.

Table III-l summarizes, for each end use, the number of households monitored by each utility. 
As described in Section IV, not every end use was analyzed, and separate but closely related end 
uses were combined into a single category. For example, heat pumps were metered by both the 
PG&E and SCE studies but we did not analyze them because the CEC residential peak model 
does not currently treat this end use separately from electric resistance heating. Another exam
ple: PG&E metered several cooking technologies, but because the load shapes were very similar 
and because the CEC model does not distinguish individual cooking technologies, we combined 
them into a single end-use load shape for cooking.
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Table III-l. Summary of Residential Households in Utility End-Use Metering Projects 1

Pacific 
Gas & 

Electric

Southern
California
Edison2

San Diego 
Gas & 

Electric

analyzed in this study
Central A/C 384 39 85
Room A/C 55 21
Water Heater 72 50
Refrigerator 21 62
Freezer 28
Clothes Dryer 373 30
Clothes Washer 59
Dishwasher 17

combined into a single end use for this study
Stove-Range Top 91
Stove-Range w/Oven 199 19
Stove-Oven 28
Stove-Range, Oven

and Microwave 20

not analyzed in this study
Heat Pump 4
Heat Pump Compressor 52
Heat Pump Heating Strip 13
Resistance Heat 6
Microwave 28
Misc. Kitchen Circuit 77
Gas Dryer 14
Television 16
Pool Pump 9 10

1. This table reports numbers of households metered by each utility study; the numbers of hourly observa
tions contributing to the development of individual load shapes (aggregated across households) are 
reported in detailed supporting tables contained in Appendix G.

2. Participation in SCE’s program was increasing throughout monitoring period; maximum number of 
monitored households is reported.
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Pacific Gas and Electric
In 1983, PG&E began the first large-scale end-use load metering project in California [Pacific 
Gas and Electric Company 1987]. The Appliance Metering Project (AMP) was designed to 
measure load patterns of domestic appliances for a subset of PG&E residential customers. The 
sample was drawn from single-family, owner-occupied residences in the PG&E electricity ser
vice territory (which includes most of the northern two-thirds of California). The subpopulation 
with central air conditioners, heat pumps, or a window/wall air conditioner in the hottest part of 
the service territory were targeted for intensive sampling because PG&E wanted to determine 
the contribution of these customer’s loads to summer peak loads.

In each household, two end uses, in addition to total household load, were metered. Over the 
whole sample, a total of seven end uses were metered: air conditioning, clothes drying, space 
heating, refrigeration, water heating, cooking, and generic kitchen end use, which included all 
end uses in the kitchen except cooking.

PG&E provided us with several data tapes, which included cleaned and validated end-use load 
data (aggregated to half hourly loads) for 742 households for the years 1985 and 1986, responses 
by load study participants to PG&E’s 1983 Residential Appliance Saturation Survey, survey 
weights for calculating PG&E system-level statistics from the data (not used in the current 
study), and hourly temperature from 25 PG&E weather stations along with codes that enabled us 
to assign weather data to each metering site. All information that would identify individual cus
tomers was removed by PG&E and replaced by a single variable, which identified households 
across data sets.

In analyzing the PG&E data, we did not use the survey weights developed by PG&E.1 Conse
quently, our load shape analysis, although representative of the households metered by PG&E, 
may not be representative of the end-use load shapes for all households in the PG&E service ter
ritory.

Southern California Edison
In 1984, SCE began the second major end-use load metering project in California [Quantum 
Consulting 1988]. The Residential Appliance End Use Study was designed to collect appliance 
time-of-use demand profiles, to determine seasonal impacts on appliances, to target new applica
tions for load management, and to evaluate new submetering equipment. Initially, only residen
tial customers living in single-family dwellings with a consumption threshold of 800 kWh/month 
for the summer months were chosen for metering. This consumption threshold was applied

1 Additionally, the responses to the PG&E survey were not required for our analyses.
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because SCE suspected that this level of consumption meant there were good opportunities to 
shift loads off-peak and because direct load control programs are typically targeted to these cus
tomers. SCE has since expanded its sample to include other types of customers, but we have 
only analyzed data collected from the initial sample; as a result, the SCE sample analyzed is 
much smaller than that of PG&E.

In each household, two end uses and total household load were metered. Data for a total of 
seventeen end uses were collected, including central air conditioning, central heat pump, eva
porative coolers, room air conditioning, refrigerator, freezer, range — free standing and built-in 
oven-range top, and microwave oven, clothes washer, clothes dryer — electric and gas, 
dishwasher, electric spa, pool pump, television, and waterbed heater.

SCE provided us with several tapes of five-minute-interval data collected during 1986. Because 
this was SCE’s first year collecting data, the sample size increased throughout the year. 
Although SCE also provided hourly dry-bulb temperature data from its own weather stations, we 
used the more extensive weather data collected by the National Climatic Data Center to analyze 
space conditioning end uses.

As with our analysis of PG&E data, we did not use survey weights in analyzing SCE data, so our 
analysis of the SCE data is, similarly, representative of only those SCE consumers metered, and 
may not be representative of the entire population of SCE residential customers.

San Diego Gas and Electric
The data used in this study were collected by SDG&E as part of its evaluation of the Residential 
Peak Shift Project. This project involved direct load control of residential air conditioners, water 
heaters, and pool pumps. Participation was voluntary, and no attempt was made to ensure parti
cipation from a representative sample of SDG&E customers.

Monitoring in most cases occurred from 1982 to 1985. The data for each residence include total 
load and either the air conditioner, water heater, or pool pump. In addition, the type, duration, 
and frequency of load interruption was also reported.

SDG&E provided three types of information for our use: hourly load data for approximately 150 
households participating in the direct load control programs, demographic information on hous
ing type, and limited weather information (minimum and maximum daily temperatures).

Because of unusual circumstances in this metering project (on many days, cycling strategies 
were in effect), the data collected by SDG&E were of limited use to us. In the end, we were 
only able to develop an annual average daily load shape for water heating.
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IV. NON-CONDITIONING END USES

CEC’s residential peak demand model assumes that non-conditioning end uses are relatively 
independent of weather. Although it captures seasonal influences, daily hourly load shapes are 
assumed to be identical for peak and non-peak days.1 Consequently, our analysis of non
conditioning end uses has two components. First, the average monthly electricity consumption 
in kWh is calculated for each service area; the monthly averages are summed to give seasonal 
averages, and seasonal adjustment factors are calculated. Second, the average daily load shape 
in each season is calculated. The daily load shape represents the fraction of the day’s electricity 
consumption that occurs in each hour. In developing hourly load shapes, we combined data 
from the half-hour prior to and the half-hour following the clock hour.

In this section, we present analyses separately for each utility. We present tabular summaries of 
seasonal adjustment factors, graphical summaries for each set of daily end-use load shapes, and 
commentary on the analysis. Following presentation of the analyses of conditioning end uses 
(Section V), we make an initial comparison of all seasonal adjustment factors and daily load 
shapes across utility studies and against existing data used by CEC in its forecasting model (Sec
tion VI).

It is important to remember that each daily load shape has been normalized by the amount of 
energy used in each season. One effect of this normalization is that the graphical presentations 
of load shapes may incorrectly suggest that the loads are similar in magnitude both for a given 
end use and across end uses. In the first instance, the reader should consider that the actual 
loads developed by the CEC forecasting model will adjust the normalized loads up or down by 
multiplication with the seasonal adjustment factors. In the second instance, the relative magni
tude of the load shapes will be determined by the annual amount of energy (or UEC) accounted 
for by a given end use.

We have reserved much methodological and tabular information from our analyses for appen
dices. Methodological details (e.g. treatment of missing values) are documented in Appendix C. 
Tables of the data used to develop our graphical summaries are in Appendix D. Appendix E 
provides tables of statistical summaries from our analyses (e.g., number of hourly observations 
contributing to a given load shape, variances about mean hourly load shape values, etc.).

1 Although not currently designed as an hourly forecasting model for each hour of the year, the structure of the 
CEC model implies that, within a season, weekday, and weekend daily energy use are also identical.



Pacific Gas and Electric
We analyzed non-conditioning end-use load data from PG&E for refrigerators, water heaters, 
clothes dryers, and four combinations of cooking appliances (see Table III-l). After we 
analyzed the cooking data separately, the monthly energy consumptions and daily load shapes 
appeared sufficiently similar to justify combining the four cooking appliance types into a single 
cooking end use.2

Table IV-1. shows seasonal adjustment factors developed for each of the four end uses (see the 
discussion in Section II and Appendix A for a formal definition of the seasonal adjustment fac
tors). The annual UEC for each end use (in kWh/year) is also presented to indicate the relative 
magnitudes of the different end uses. For example, the annual UEC for water heating shows that 
it is by far the largest end use of those metered by the PG&E project. Thus, when comparing 
this daily load shape to that of, say, cooking, we can expect actual loads for water heating to be 
at least ten times as large as those for cooking3; this is a consequence of our normalization pro
cess.

Table IV-1. PG&E Seasonal Adjustment Factors and UECs

Appliance
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

Annual UEC 
(kWh/yr)

Households
Metered

Refrigerator 0.88 0.94 1.13 0.99 1924 21
Water Heater 1.20 1.04 0.80 1.04 4012 72
Clothes Dryer 1.15 1.01 0.88 1.01 892 373
Cooking 1.10 0.99 0.89 1.08 381 338

* Includes stove-range top; stove-range/oven; stove-oven; and stove-range/oven/microwave.

The seasonal adjustment factors for cooking, clothes dryers, and water heaters indicate increased 
use of equipment in the winter and reduced use during the summer. Adjustment factors for the 
refrigerator show the opposite pattern. Anecdotal evidence on increased use of refrigerated

2 In addition, the current version of the CEC model only forecasts peak demand for a single cooking end use.
3 That is, the UEC found in the data for water heating is at least ten times that found for cooking. Consequently, 

the amount of energy to be "spread" under the water heating load shape by the forecasting model is ten times that 
which will be "spread" under cooking load shape. In fact, different saturations of these end uses and the actual 
UECs used by forecasting models will increase or decrease the relative differences between these load shapes on a 
systemwide basis.
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products during the summer season and on weather influences on refrigerator compressor opera
tion is consistent with the observed pattern, but caution in interpreting these results is warranted 
because of the relatively small number of households metered for this end use compared to the 
other three end uses.

The daily load shapes for refrigerators show a consistent diurnal pattern of gradually increasing 
use through the day, reaching a maximum in the late afternoon, and declining through the even
ing hours (see Figure IV-1). The range of variation over the daytime hours is much smaller than 
that found for other end uses, but is not flat, probably because of a combination of behavioral 
and weather influences.

The daily load shapes for water heating were developed from a somewhat larger sample of 
households than those for refrigerators (72 vs. 21). These data indicate a very strong double 
peak for water heater use, with the morning peak being slightly higher than that for the evening 
(see Figure IV-2). This trend is consistent in all seasons.

The very large sample of households metered to develop daily load shapes for clothes dryers 
(373) gives us confidence in our analysis. Although seasonal variations are pronounced (see the 
seasonal adjustment factors in Table IV-1), daily load shapes are quite stable across seasons. 
The load shape rises to a maximum value shortly before midday, drops to a plateau throughout 
the afternoon and early evening hours and then rapidly falls to a minimum value for the morning 
hours (see Figure IV-3).

As with clothes dryers, the large numbers of cooking appliances metered by the PG&E study 
(338) suggest that our load shape accurately represents the "norm" for these appliances. Despite 
seasonal variations in total energy use, the daily load shapes are quite similar. They are charac
terized by a dramatic and very sharp peak value in the early evening (dinner) hours. Daytime 
use is relatively flat up to this point, and late night use is essentially zero (see Figure IV-4).
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PG&E REFRIGERATOR
Daily Load Shape

Percent of Daily Total Energy

10 12 14 16 18 20 22 24

Hours

Winter (Dec-Feb) Spring (Mar-May)

Summer (Jun-Sep) Fall (Oct-Nov)

Figure IV-1. PG&E Refrigerator - Daily Load Shape. Unweighted LBL analysis of PG&E end-use metering 
data recorded during calendar years 1985 and 1986 from 21 households. Analysis involved com
bining data from the half-hour prior to and the half-hour following the clock hour. The data have 
been normalized and expressed as fractions of total daily energy used in a given hour; they must 
be combined with the seasonal adjustment factors and the annual UEC to derive actual kW load 
shapes (see Table IV-1).
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PG&E WATER HEATING
Daily Load Shape

Percent of Daily Total Energy

10 12 14 16 18 20 22 24
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Summer (Jun-Sep) Fall (Oct-Nov)

Figure IV-2. PG&E Water Heater - Daily Load Shape. Unweighted LBL analysis of PG&E end-use meter
ing data recorded during calendar years 1985 and 1986 from 72 households. The analysis was 
performed by combining data from the half-hour prior to and the half-hour following the clock 
hour. The data have been normalized and expressed as fractions of total daily energy used in a 
given hour; they must be combined with the seasonal adjustment factors and the annual UEC to 
derive actual kW load shapes (see Table IV-1).
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PG&E CLOTHES DRYER
Daily Load Shape
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Figure IV-3.
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PG&E Clothes Dryer - Daily Load Shape. Unweighted LBL analysis of PG&E end use meter
ing data recorded during calendar year 1985 and 1986 from 373 households. The analysis was 
performed by combining data from the half-hour prior to and the half-hour following the clock 
hour. The data have been normalized and expressed as fractions of total daily energy used in a 
given hour; they must be combined with the seasonal adjustment factors and the annual UEC to 
derive actual kW load shapes (see Table IV-1).
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PG&E COOKING
Daily Load Shape

Figure IV-4.

Percent of Daily Total Energy

10 12 14 16 18 20 22 24

Hours

Winter (Dec-Feb) Spring (Mar-May)

Summer (Jun-Sep) Fall (Oct-Nov)

PG&E Cooking - Daily Load Shape. Unweighted LBL analysis of PG&E end use metering data 
recorded during calendar year 1985 and 1986 from 338 households. The analysis was performed 
by combining data from the half-hour prior to and the half-hour following the clock hour. The 
data have been normalized and expressed as fractions of total daily energy used in a given hour; 
they must be combined with the seasonal adjustment factors and the annual UEC to derive actual 
kW load shapes (see Table IV-1).
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Southern California Edison
From the data provided by SCE, we analyzed eight end uses including refrigerator, freezer, 
cooking, dishwasher, clothes washer, clothes dryer, television set, and pool pump. We 
developed seasonal adjustment factors for all, but we did not do daily load shape analyses of the 
television set and pool pump data, partly because of time constraints and small sample size.

As with our analysis of the PG&E data, this analysis uses unweighted results from the SCE 
Residential Appliance End Use Survey. Unweighted results are especially appropriate because 
of the small number of households monitored.4 The number increased throughout the data col
lection period; the numbers of households reported refers to the maximum number of households 
considered in our analysis. The small number of households contributing data for our analysis 
means extra caution in interpretation of results.

Table IV-6 presents the seasonal adjustment factors and annual UECs for each end use. As in 
the PG&E data, the refrigerator is clearly the largest non-space conditioning end use metered. 
Direct comparisons with the PG&E data will follow in Section VI.

Table IV-2. SCE Seasonal Adjustment Factors and UECs

Appliance
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

Annual UEC 
(kWh/yr)

Households
Metered

Refrigerator 0.84 1.08 1.09 0.93 1691 62
Freezer 0.92 0.93 1.09 1.05 1247 28
Cooking 0.95 1.07 1.02 0.94 226 19
Dishwasher 1.14 1.00 0.82 1.15 81 30
Clothes Washer 1.01 1.02 1.00 0.96 78 59
Clothes Dryer* 1.05 1.02 0.97 0.97 922 17
Television Set 1.11 1.29 0.79 0.81 215 16
Pool Pump 1.06 0.94 0.83 1.33 401 9

* We did not estimate daily load shapes for the television set and pool pump

We were surprised to find apparent differences in the seasonal adjustment factors for refrigera
tors and freezers. We had expected to find close agreement between these two end uses because 
other "linked" end uses, which are generally thought to operate either together or in sequence

4 SCE has continued to expand the size of its sample, but we have analyzed only the first-year results from the 
project.
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(for example, clothes washers and clothes dryers) are much closer. It is also difficult to conclude 
much from the analysis of the television set and pool pump because of the relatively smaller 
number of households metered.

Despite apparent seasonal differences in energy use, the daily load shapes for the refrigerator 
and freezer are quite similar across seasons and when compared to one another (see Figures IV-5 
and IV-6). Loads rise gradually throughout the day, peak in the aftemoon/early evening, and 
then decline to a minimum value at night. We observe that the freezer reaches a maximum value 
somewhat earlier than the refrigerator. However, the range of variation during the daytime hours 
is smaller than that of many other end uses.

The daily load shape for the SCE cooking data is presented in Figure IV-7. Although in each 
season a dramatic peak occurs in the early evening, the daily load shape for winter peaks approx
imately an hour earlier than the peaks in the other seasons. Conclusive explanations for this 
finding are difficult, and the relatively small number of households contributing to this load 
shape (a maximum of 19) makes definitive interpretation difficult. The daily load shapes for all 
seasons are relatively flat during the other daytime hours and show little use at night.

We expected to find close similarities between the daily load shapes for the clothes dryer (Figure 
IV-8) and clothes washer (Figure IV-9) because these end uses are typically used sequentially. 
Although we did observe similarities in the seasonal adjustment factors, comparison of the daily 
load shapes only produced agreement on the overall shape. For both end uses, loads rise fairly 
rapidly from negligible values in the early morning to a maximum value around lunchtime, then 
declining in the late evening. For fall and summer, however, the clothes dryer load shape does 
not rise to a single peak value, but is more spread out over all hours of the day. This pattern is 
somewhat different from that of the corresponding clothes washer load shape (especially for the 
summer season). The large number of households metered (a maximum of 28 for the clothes 
dryer and a maximum of 59 for the clothes washer) suggest that these patterns may accurately 
represent typical use.

The daily load shape for the dishwasher peaks in the morning and again in the evening (see Fig
ure IV-10). There are noticeable, almost random, differences between the daily load shapes for 
each season. We suspect these differences are, in part, a result of the small number of house
holds metered for this end use (17).
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Figure IV-5. SCE Refrigerator - Daily Load Shape. Unweighted LBL analysis of SCE end use metering data 
recorded during calendar year 1986 from a maximum of 62 households (sample size increased 
throughout the metering period). The analysis involved combining data from the half-hour prior 
to and the half-hour following the clock hour. The data have been normalized and expressed as 
fractions of total daily energy used in a given hour; they must be combined with the seasonal 
adjustment factors and the annual UEC to derive actual kW load shapes (see Table IV-2).
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SCE Freezer - Daily Load Shape. Unweighted LBL analysis of SCE end use metering data 
recorded during calendar year 1986 from a maximum of 28 households (sample size was increas
ing throughout the metering period). The analysis was performed by combining data from the 
half-hour prior to and the half-hour following the clock hour. The data have been normalized and 
expressed as fractions of total daily energy used in a given hour; they must be combined with the 
seasonal adjustment factors and the annual UEC to derive actual kW load shapes (see Table IV-2).
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SCE Cooking - Daily Load Shape. Unweighted LBL analysis of SCE end use metering data 
recorded during calendar year 1986 from a maximum of 19 households (sample size was increas
ing throughout the metering period). The analysis was performed by combining data from the 
half-hour prior to and the half-hour following the clock hour. The data have been normalized and 
expressed as fractions of total daily energy used in a given hour; they must be combined with the 
seasonal adjustment factors and the annual UEC to derive actual kW load shapes (see Table IV-2).
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Figure IV-8. SCE Clothes Dryer - Daily Load Shape. Unweighted LBL analysis of SCE end use metering 
data recorded during calendar year 1986 from a maximum of 17 households (sample size was 
increasing throughout the metering period). The analysis was performed by combining data from 
the half-hour prior to and the half-hour following the clock hour. The data have been normalized 
and expressed as fractions of total daily energy used in a given hour; they must be combined with 
the seasonal adjustment factors and the annual UEC to derive actual kW load shapes (see Table 
IV-2).
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Figure IV-9. SCE Clothes Washer - Daily Load Shape. Unweighted LBL analysis of SCE end use metering 
data recorded during calendar year 1986 from a maximum of 59 households (sample size was 
increasing throughout the metering period). The analysis was performed by combining data from 
the half-hour prior to and the half-hour following the clock hour. The data have been normalized 
and expressed as fractions of total daily energy used in a given hour; they must be combined with 
the seasonal adjusunent factors and the annual UEC to derive actual kW load shapes (see Table 
IV-2).
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Figure IV-10. SCE Dishwasher - Daily Load Shape. Unweighted LBL analysis of SCE end use metering data 
recorded during calendar year 1986 from a maximum of 30 households (sample size was increas
ing throughout the metering period). The analysis was performed by combining data from the 
half-hour prior to and the half-hour following the clock hour. The data have been normalized and 
expressed as fractions of total daily energy used in a given hour; they must be combined with the 
seasonal adjustment factors and the annual UEC to derive actual kW load shapes (see Table IV-2).
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San Diego Gas and Electric
The unusual nature of SDG&E data reduced the amount of analysis possible. Essentially, once 
cycling days were deleted, there were few data to support either daily load shape analysis of pool 
pumps or seasonal adjustment factors analysis for both pool pumps and water heaters. Conse
quently, we present only a single daily load shape for water heaters.

The water heater load shape has both morning and evening peaks (see Figure IV-11). The 
number of households metered was relatively large (50), and the load shape is consistent with 
that found from a larger sample of PG&E data. Load shapes will be compared directly in Sec
tion VI.
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Figure IV-11. SDG&E Water Heating - Daily Load Shape. Unweighted LBL analysis of SDG&E end use 
metering data recorded during calendar years 1982 through 1985 from a total of 50 households. 
The analysis was performed by combining data from the half-hour prior to and the half-hour fol
lowing the clock hour. The data have been normalized and expressed as fractions of total daily 
energy used in a given hour; they must be combined with an annual UEC to derive actual kW load

shapes.
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V. CONDITIONING END USES

The CEC’s Residential Peak Demand model is unique because it forecasts daily and hourly loads 
and expresses conditioning energy use (cooling and heating) as a function of time and weather 
(see Section II and Appendix A for more details of the CEC’s model). We developed new time, 
and temperature and humidity matrices (also referred to as time-temperature matrices) from the 
metered data, including separate matrices for central air conditioners and room air conditioners 
from the PG&E and SCE metered data. We did not re-estimate the coefficients used to deter
mine the amount of energy consumed on the peak day.

The analysis consisted of binning and summing the hourly household conditioning loads by time 
and temperature-humidity index (THI).1 To produce the average load, we divided the summed 
load by the number of observations for a given time and temperature combination. Appendix C 
describes the binning in detail. Appendix D contains tables of the raw, average-load time- 
temperature matrices. These raw matrices are not, in our opinion, suitable for use in the CEC’s 
model because of statistical fluctuations between nearby bins and, more importantly, because 
there are many time and THI combinations for which we had no data. Appendix F describes 
exploratory analysis for fitting the empirical data with analytic functions in order develop a com
plete matrix of values.

Pacific Gas and Electric
We developed separate time-temperature matrices for central air conditioning and room air con
ditioning from the PG&E residential load data.1 2 Figures V-l and V-2 illustrate raw average load 
data.

The absence of data for many of the higher THI values leads to a very jagged edge above which 
observations were not available because temperatures remained in a limited range during the 
metering period. Empirically, the only recourse is to extend the metering period and hope that 
subsequent summers bring higher temperatures.

Despite the relatively large numbers of households that provided metered data (384 for central 
air conditioners and 55 for room air conditioners), we observe significant unevenness in average 
load values. This unevenness is evident both for a given hour across increasing THI values and 
for a given THI across the hours of the day.

1 For heating, which we did not examine, the only weather parameter is of dry-bulb temperature.
2 PG&E also supplied data on central resistance space heat and on heat pumps. These data are not presented in 

this study because the number of households monitored for central space heat was low (6) and because the CEC 
model does not forecast heat pump load shapes separately from those for resistance electric heating.
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The absence of observations at the highest temperatures and the existence of non-linearities 
throughout the matrices motivated us to explore the use of analytic functions to fit the data with 
"smoother" surfaces. These preliminary results are described in Appendix F.

Southern California Edison
We also developed separate time-temperature matrices for central air conditioners and room air 
conditioners from the SCE residential load data. Figures V-3 and V-4 illustrate these data.

Generally speaking, the same comments made previously about the lack of high THI conditions 
and about unevenness adjacent to almost any given observation hold true for the SCE data as 
well. With the SCE data, however, smaller numbers of metered households (a maximum of 39 
for central air conditioning and 21 for room air conditioning) are also probably part of an expla
nation for the characteristics of the matrix.



Figure V-l. PG&E Central Air Conditioning Time-Temperature Matrix. Unweighted LBL analysis of
PG&E end use metering data recorded during calendar year 1985 and 1986 from 384 households.
Energy use is presented as a function of weather, represented with a combined measure dry bulb
temperature and humidity (temperature-humidity index or THI) and time of day.
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Figure V-2. PG&E Room Air Conditioning Time-Temperature Matrix. Unweighted LBL analysis of
PG&E end use metering data recorded during calendar year 1985 and 1986 from 55 households.
Energy use is presented as a function of weather, represented with a combined measure dry bulb
temperature and humidity (temperature-humidity index or THI) and time of day.
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Figure V-3. SCE Central Air Conditioning Time-Temperature Matrix. Unweighted LBL analysis of SCE
end use metering data recorded during calendar year 1986 from 39 households. Energy use is
presented as a function of weather, represented with a combined measure dry bulb temperature
and humidity (temperature-humidity index or THI) and time of day.
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Figure V-4. SCE Room Air Conditioning Time-Temperature Matrix. Unweighted LBL analysis of SCE
end use metering data recorded during calendar year 1986 from 21 households. Energy use is
presented as a function of weather, represented with a combined measure dry bulb temperature
and humidity (temperature-humidity index or THI) and time of day.
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YI. COMPARISON WITH EXISTING CEC LOAD SHAPE DATA

In this section, we compare the load shape data developed in this study with those now used by 
CEC. First, we examine seasonal adjustment factors for allocating non-conditioning annual 
electricity consumption to the peak day. Second, we examine peak day load shapes for the non
conditioning end uses. Third, we examine the time-temperature matrices developed for central 
air conditioning and room air conditioning. Because direct comparison of the matrices them
selves is difficult, we have introduced weather data for a typical hot day in several California cli
mates in order to compare the load shapes that might be generated by use of the matrices to fore
casted peak demand.1

Non-Conditioning Seasonal Adjustment Factors
Table VI-1 compares the seasonal adjustment factors currently used by CEC to those developed 
from the PG&E and SCE data. The percentage differences from the values used by the CEC are 
reported, along with the annual UEC from integration of the metered data, and the number of 
metered households from the two studies.

We find agreement in seasonal adjustment factors between those used by CEC and those 
developed in this study within 10% for all end uses except the SCE refrigerator (winter and 
spring), the SCE freezer (fall), the PG&E and SCE cooking (fall - PG&E, winter and summer - 
SCE), the SCE and PG&E clothes dryer (fall), the SCE dishwasher (fall), the SCE television 
(spring and summer), the SCE pool pump (all seasons). These differences are probably most 
important for the SCE refrigerator, the PG&E cooking, and the PG&E clothes dryer, because for 
these end uses, large numbers of households were metered suggesting that the results are accu
rately representative of some kind of "norm". For the clothes dryer, this observation is rein
forced by the consistently higher fall season adjustment factors found in both the PG&E and 
SCE studies. The same observation (although the results are opposite in sign) also applies for 
the winter season adjustment factor for the refrigerator. Where other large differences are found, 
the small numbers of households metered (especially, the SCE television set and pool pump) 
prevents meaningful interpretation of these differences.

1 The comparison is illustrative only. CEC selects system peak day weather data from an analysis of historic 
weather and system peak conditions (see Appendix A). Strictly for purposes of comparison, we have selected data 
for typical hot days from a data tape of synthetic, average weather.



Table VI-1. Comparison of Seasonal Adjustment Factors

Winter Spring Summer Fall Annual
Dec-Feb Mar-May Jun-Sep Oct-Nov UEC2 Households

Appliance (%r (%) (%) (%) (kWh/yr) Metered

Refrigerator
CEC 0.96 0.97 1.13 0.92
LBL-PG&E 0.88 -8.3 0.94 -3.1 1.13 0.0 0.99 7.6 1924 21
LBL-SCE 0.84 -125 1.08 11.3 1.09 -35 0.93 1.1 1691 62

Freezer
CEC 0.96 0.97 1.13 0.92
LBL-SCE 0.92 -4.2 0.93 -4.1 1.09 -35 1.05 14.1 1247 28

Cooking
CEC 1.06 1.05 0.89 0.97
LBL-PG&E 1.10 3.8 0.99 -5.7 0.89 0.0 1.08 11.3 381 338
LBL-SCE 0.95 -10.4 1.07 1.9 1.02 14.6 0.94 -3.1 226 19

Clothes Washer 
CEC 0.99 1.01 0.97 1.03
LBL-SCE 1.01 2.0 1.02 1.0 1.00 3.1 0.96 -6.8 78 59

Clothes Dryer 
CEC 1.15 1.01 0.97 0.79
LBL-PG&E 1.15 0.0 1.01 0.0 0.88 -9.3 1.01 27.8 892 373
LBL-SCE 1.05 -8.7 1.02 1.0 0.97 0.0 0.97 22.8 922 30

Dishwasher
CEC 1.06 1.05 0.89 0.97
LBL-SCE 1.14 75 1.00 -4.8 0.82 -7.9 1.15 18.6 81 17

Water Heating
CEC(PG&E) 1.11 1.03 0.88 0.96
LBL-PG&E 1.20 8.1 1.04 1.0 0.80 -9.1 1.04 8.3 4012 72

Television Set 
CEC 1.14 0.97 1.00 0.87
LBL-SCE 1.11 -2.6 1.29 33.0 0.79 -21.0 0.81 -6.9 215 16

Pool Pump
CEC 0.84 0.84 1.33 0.84
LBL-SCE 1.06 26.2 0.94 11.9 0.83 -37.6 1.33 58.3 401 9

1. Percentage differences are expressed relative to the current values used by the CEC Residential Peak Model.
2. Unweighted annual UECs developed from integration of the metered data have been presented for puiposes of comparison; they 
should not be confused with systemwide UECs applicable for forecasting.
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Non-Conditioning Daily Load Shapes
Figures VI-1 through VI-7 compare daily load shapes for: refrigerator, freezer, cooking, clothes 
dryer, clothes washer, dishwasher, and water heating. For each end use, the y-axis has been re
scaled to a common value (where necessary) to facilitate visual comparison.

The refrigerator daily load shapes that were developed from the analysis of the PG&E and SCE 
data are very similar to those used currently by CEC (see Figure VI-1); they are also quite simi
lar to each other (despite a three to one difference in sample sizes for these two studies). This 
suggests that the daily load shape for refrigerators is reasonably well-defined. From a sample of 
62 SCE households, a more important source of differences for this end use is the seasonal 
adjustment factor; we found lower winter and higher spring energy use than current CEC figures.

The freezer load shape developed from the SCE data exhibits greater diurnal fluctuation than the 
one used currently by CEC (see Figure VI-2). As previously noted, the load shape closely 
resembles that for the refrigerator, with a slightly earlier peak load. However, the number of 
households metered for this end use was comparatively small (28).

The cooking load shapes are quite similar to one another (see Figure VI-3), with one exception. 
Both sets of load shapes we analyzed, especially those from the PG&E data, appear to peak 
slightly later than the load shapes currently used by CEC. The load shapes developed from the 
PG&E data also have a slightly higher peak value than the ones developed from the SCE data.2 
The numbers of households metered by PG&E were substantially greater than those metered by 
SCE, in part because several combinations of cooking appliances metered by PG&E were 
merged into a single end use for this study.

The clothes dryer and clothes washer load shapes developed from the PG&E and SCE data differ 
significantly from those used by CEC (see Figures VI-4 and VI-5). The peaks found in this 
study are lower and less pronounced, and loads are more uniformly spread over the other "on” 
hours. The start and stop times of the shoulder periods remain similar to those in the CEC load 
shapes. We note that the load shapes developed in this study came from relatively large samples 
of households (especially for the clothes dryer from the PG&E data, which came from a sample 
of 373 households).

The dishwasher load shape developed from the SCE data differs visibly from that used by the 
CEC (see Figure VI-6). As with the differences found for the comparison of our data and CEC’s 
for clothes washers and dryers, the peak values are lower and loads are more uniformly spread

2 The higher peak value refers to a greater percent of total daily energy occurring in this hour. Actual loads are a 
function of total energy for the year and the seasonal adjustment factors.
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over the "on" hours. We also find a slight bimodal pattern to the load shapes, with both morning 
and and evening peaks, which is only evident in the CEC load shape for the winter season. The 
SCE sample for dishwashers was, however, quite small (17 households).

The water heating load shapes developed from the PG&E data and those used by the CEC are 
quite similar (see Figure VI-7). Both exhibit a morning and evening peak, with the morning 
peak being slightly higher than the evening peak. The analysis of the PG&E data suggests that 
the morning peaks truly are higher, which is consistent with the CEC load shapes. The analyses 
of PG&E and SDG&E data both show much smaller differences between morning and evening 
peaks than does the load shape used by the CEC. The analysis of PG&E data was based on a 
sample of 72 households.
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Figure VI-1. Load Shape Comparison - Refrigerator. Comparison of LBL’s analysis of metered data
(gathered by PG&E and SCE) to the daily load shapes currently used by the CEC Residential
Peak Model. The PG&E daily load shape was developed from an analysis of 21 households.
The SCE daily load shape was developed from an analysis of 62 households.
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Figure VI-2. Load Shape Comparison - Freezer. Comparison of LBL’s analysis of metered data gathered
by SCE to the daily load shapes currently used by the CEC Residential Peak Model. The SCE
daily load shape was developed from an analysis of 28 households.
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Figure VI-3. Load Shape Comparison - Cooking. Comparison of LBL’s analysis of metered data gath
ered by PG&E and SCE to the daily load shapes currently used by the CEC Residential Peak
Model. The PG&E daily load shape was developed from an analysis of 338 households. The
SCE daily load shape was developed from an analysis of 19 households.
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Figure VI-4. Load Shape Comparison - Clothes Washer. Comparison of LBL’s analysis of metered data
gathered by SCE to the daily load shapes currently used by the CEC Residential Peak Model.
The SCE daily load shape was developed from an analysis of 59 households.
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Figure VI-5. Load Shape Comparison - Clothes Dryer. Comparison of LBL’s analysis of metered data
gathered by PG&E and SCE to the daily load shapes currently used by the CEC Residential
Peak Model. The PG&E daily load shape was developed from an analysis of 373 households.
The SCE daily load shape was developed from an analysis of 30 households.
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Figure VI-6. Load Shape Comparison - Dishwasher. Comparison of LBL’s analysis of metered data
gathered by SCE to the daily load shapes currently used by the CEC Residential Peak Model.
The SCE daily load shape was developed from an analysis of 17 households.
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Figure VI-7. Load Shape Comparison - Water Heating. Comparison of LBL’s analysis of metered data
gathered by PG&E and SDG&E to the daily load shapes currently used by the CEC Residen
tial Peak Model. The PG&E daily load shape was developed from an analysis of 72 house
holds. The SDG&E daily load shape was developed from an analysis of 50 households.
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Conditioning Load Shapes
To compare our analyses of space conditioning data, we have introduced weather data for 
selected hot days from four California locations (Sacramento, Fresno, San Diego, and Los 
Angeles). Introduction of these data allows us to compare the peak day load shapes that would 
result from both our time-temperature matrices and those currently used by CEC. Because the 
matrices described in Section IV have many missing values,3 we have used the smoothed time- 
temperature matrices described in Appendix F for our comparison. The weather data selected 
are intended to reflect "peak" conditions, but were not chosen using the CEC’s formula for peak 
day selection. Consequently, while illustrative of peak load shapes that would be produced by 
using the time-temperature matrices developed in this study, they are not intended to represent 
peak day load shapes that would be used by CEC in its forecasts. The load shapes are presented 
in Figures VI-8 and VI-9 for central air conditioning and room air conditioning, respectively.

The overall shapes of the central air conditioning peak day load shapes developed from analysis 
of the PG&E and SCE data are generally quite similar to those used by CEC (see Figure VI-8). 
Peak days for Sacramento and Fresno appear to be quite "peaky," rising rapidly to maximum 
values and then falling equally fast. Peak days for San Diego and, to a lesser degree, Los 
Angeles appear broader, with the peak being the high point of several high load hours. We find 
similarity in overall load shapes to be encouraging, especially in view of the vastly different 
sample sizes for this end use from the two monitoring projects; we analyzed monitored data 
from 384 PG&E residences, but only 39 SCE residences.

We note significant differences in peak loads only for the two hotter climates, Sacramento and 
Fresno. For these climates, the matrices developed from the PG&E and SCE data both produce 
higher peak demands than those developed from the CEC’s existing matrix. For Sacramento, the 
time of the peak load is shifted 2 hours earlier using the matrix developed from the SCE data; 
although the peak loads developed from the CEC matrix are relatively flat. For Fresno and San 
Diego, the time of the peak demand is identical using each of the three matrices. For Los 
Angeles, loads from the matrices developed in this study behave erratically during the mid-day 
hours compared to the relatively flat load developed from the CEC matrix.

We compared peak day room air conditioning load shapes separately to peak day load shapes 
developed from the CEC living room and bedroom air conditioning time-temperature matrices 
(see Figures VI-9 and VI-10).4 CEC uses separate residential room air conditioning time-

3 That is, we are limited by the time and temperature conditions found during the monitoring period in order to 
develop the matrices presented in Section IV. Often, these conditions did not include the time and temperature con
ditions found from our source of hot or peak day weather data.

4 We did not use information on the location of the monitored room air conditioners in our analyses of the data. 
Consequently, we developed only a single time-temperature matrix for room air conditioning.
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temperatures matrices for living room, bedroom, and 2-room spaces. We found the peak day 
load shapes developed from the 2-room time-temperature matrix closely resemble those 
developed from the living room time-temperature matrix and chose not to present an additional, 
essentially identical, comparison.

We find general agreement in overall peak day load shapes for all climates except San Diego. 
Application of peak day weather for San Diego (and, to a lesser degree, Los Angeles) to the 
time-temperature matrix developed from PG&E data produces a much narrower range of peak 
demand hours than those predicted by the matrix developed from the SCE data and the current 
CEC matrix. We suspect this may be the result of our smoothing procedure and the lack of 
measured data (from the PG&E monitoring project) for the time temperature conditions found in 
the early morning on San Diego peak days. Nevertheless, we find the overall consistency in our 
results encouraging; the sample size for PG&E was 55, while for SCE it was 21.

The matrix developed from the SCE data produces loads that follow those predicted by the CEC 
matrix quite closely. Significant differences occur only when comparing these loads to those 
predicted by CEC bedroom matrix for San Diego. The CEC living room matrix predicts slightly 
higher loads for Sacramento and Los Angeles, although the overall shapes of the peak day loads 
are similar.

The matrix developed from the PG&E data yields consistently higher peak loads for all climates 
when compared to those predicted by the existing CEC matrices. For Sacramento and Fresno, 
the timing of the peak demand is roughly identical. For San Diego, the timing is identical for the 
CEC living room, but very different for the CEC bedroom. For both San Diego and Los 
Angeles, the matrix developed from the PG&E data yields a peak day load shape that appears 
shifted several hours latter than the ones developed from CEC’s existing matrix. The overall 
flatness of these load shapes, however, tends to mask these differences because the absolute 
magnitude and timing of the peak demand are similar and close together.
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Figure VI-8. Load Shape Comparison - Central Air Conditioning. Comparison of peak day load shapes
generated from LBL’s analytic representation of the time-temperature matrix from PG&E and 
SCE data to the peak day load shapes generated from the time-temperature matrix currently 
used by the CEC Residential Peak Model. The weather data used in this presentation are 
representative of peak day conditions, but should not be confused with actual peak day 
weather used by the CEC in forecasting. The raw data used to develop the PG&E time- 
temperature matrix was gathered from an analysis of 384 households. The raw data used to 
develop the SCE time-temperature matrix was gathered from an analysis of 39 households.
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Figure VI-9. Load Shape Comparison - Room Air Conditioning. Comparison of peak day load shapes 
generated from LBL’s analytic representation of the time-temperature matrix from PG&E and 
SCE data to the peak day load shapes generated from the time-temperature matrix currently 
used by the CEC Residential Peak Model (living room). The weather data used in this 
presentation are representative of peak day conditions, but should not be confused with actual 
peak day weather used by the CEC in forecasting. The raw data used to develop the PG&E 
time-temperature matrix was gathered from an analysis of 55 households. The raw data used 
to develop the SCE time-temperature matrix was gathered from an analysis of 21 households.
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Figure VI-10. Load Shape Comparison - Room Air Conditioning. Comparison of peak day load shapes 
generated from LBL’s analytic representation of the time-temperature matrix from PG&E and 
SCE data to the peak day load shapes generated from the time-temperature matrix currently 
used by the CEC Residential Peak Model (bedroom). The weather data used in this presenta
tion are representative of peak day conditions, but should not be confused with actual peak 
day weather used by the CEC in forecasting. The raw data used to develop the PG&E time- 
temperature matrix was gathered from an analysis of 55 households. The raw data used to 
develop the SCE time-temperature matrix was gathered from an analysis of 21 households.
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VII. DIRECTIONS FOR FUTURE RESEARCH

The analyses performed for this project suggest several directions for future research. In this 
section, we briefly identify these areas.

Residential Load Data Analyses - Existing Data
Analytic representation of time-temperature matrices. Appendix F describes exploratory work 
on fitting the time-temperature matrices with analytic functions in order to smooth and extrapo
late the measured data. The work described in the Appendix is preliminary; additional work is 
required to validate the existing analytic representation and to consider other analytic functions.

Analysis of the three-day weighting factors for conditioning end uses. The weighting scheme 
used to allocate annual energy use to peak day energy use should be examined in order to, first, 
re-estimate the weighting coefficients and, second, determine whether other functional forms 
might better represent the relationship between multi-day weather patterns and peak day condi
tioning loads.

Additional geographic disaggregation of the space conditioning time-temperature matrices. The 
current project developed separate time-temperature matrices using data from PG&E and SCE. 
Within these service territories, additional geographic disaggregation may be warranted to dis
tinguish, for example, a coastal from an inland time-temperature relationship.

Load data transferability. Could time-temperature matrices and daily load shapes for one geo
graphic area be used to forecast peak loads in another region?

Residential Load Data Analyses - New Data
End uses not monitored in current load studies. Several end uses were not analyzed in the 
current project because data were not available. These end uses included lighting and miscel
laneous, television, pool pumps, and various end uses associated with solar energy consumption.

Validation with whole-building load shape data. To check both the aggregate of the load shapes 
developed and the Residential Peak Model, load research data collected by utility rate depart
ments can be analyzed to determine the accuracy of the CEC residential peak forecasts at a cus
tomer class level. Such analyses would be especially valuable in determining the impacts of 
coincidence between residential and system peak loads, and between individual residential end 
uses.
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Enhancements to the Residential Peak Model
Hourly load forecasting for the entire year. The data collected in the current project would, in 
our opinion, support load forecasting hourly loads beyond those found on the peak day. Two 
specific enhancements include the development of monthly, rather than seasonal, adjustment fac
tors, and the development of weekday and weekend load shapes. Additional research should 
also investigate the feasibility of developing peak day load shapes for non-conditioning end uses, 
and direct forecasting of "typical" week hourly loads (which are the standard form of load data 
representation in most production cost models, including ELFIN and PROMOD).

Expansion of current end uses. Supplementary data on demographic and other household 
characteristics are available for the PG&E and SCE load data. Analysis of these data could be 
the basis for further disaggregation of the load data along lines other than service territory or end 
use. Examples include identifying the load shape characteristics of distinct technologies within 
an end use or relating patterns of load shapes for several end uses to family composition or 
income. Initially, the enriched end-use detail available from the residential energy demand 
model should provide direction for desirable extensions of these types of analyses. At a 
minimum, this type of analysis should be performed to support the load data transferability 
research previously identified.
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Appendix A. The California Energy Commission Residential Peak Model

An important goal of our analysis is to provide the CEC with new load shape data in a form that 
is compatible with their existing forecasting model. For the reader unfamiliar the unique data 
requirements of the CEC’s model, this appendix provides a detailed description of the Residen
tial Peak Model (RPM). Our description borrows extensively from existing CEC documenta
tion, notably CEC [1987].

The RPM does not "forecast" energy use in the traditional sense of the term, rather, it determines 
hourly peak day energy use from a prior forecast of annual energy use. It is probably best 
thought of as a post-processor to an energy demand forecasting model. All interactions between 
changing demographic features of the population, appliance choice and use, and energy use are 
captured in the energy demand forecasting model; it is the output of this forecasting model that 
is the primary input for the RPM. As noted in section II, these outputs are aggregated across 
vintages to annual energy use for the nineteen residential end uses in two building types, (see 
Table II-1).

The RPM allocates annual residential electricity consumption by end use into an hourly load 
profile for the system peak day in three steps. First, the model allocates the annual electricity 
consumption to peak day electricity consumption. Second, it distributes the peak day electricity 
consumption to hourly loads using daily load shapes. Third, the model sums the hourly loads 
across end uses to produce the total hourly residential loads for the peak day. The first two steps 
are performed separately for non-conditioning and conditioning end uses.

Non-Conditioning End Uses
Allocation of annual electricity consumption to peak day electricity consumption for non
conditioning end uses assumes that peak and average day consumption are identical. The 
relevant differences in consumption are seasonal in nature. Formally,

PNCy = SFjj x
ANCj
365 [1]

where,
PNCy = Peak day electricity consumption for end use i in season j [kWh/d] 
SFy = Seasonal adjustment factor for end use i in season] [dimensionless] 
ANCj = Annual electricity consumption for end use i in season j [kWh/y]

Allocation of peak day electricity consumption to hourly loads relies on daily load shapes.

HNCijk = PNCy x HFijk [2]
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where,
HNCjjk = Hourly peak day electricity demand for end use i in season j in hour k

[kW]
HFjik = Hourly load shape factor for end use i in season j in hour k,

J 24
a dimensionless number such that £ HFjjk = 1.0

k=l

One goal of this study is to reestimate SFy and HFjjk from the metered data collected by PG&E, 
SCE, and SDG&E. Our results are presented in Section IV.

Conditioning End Uses
Allocation of annual electricity consumption to peak day electricity consumption for condition
ing end uses is performed separately for heating and cooling.

Cooling. Allocation of annual electricity consumption to peak day electricity consumption for 
cooling relies on CEC analysis of weather conditions corresponding to a historic peak day. 
Unlike the allocation to daily energy use for non-conditioning end uses, the goal of this pro
cedure is to develop an allocation that will result in peak day energy use in excess of average 
day energy use. The weather conditions are represented by a peak day temperature-humidity 
index (THI) that is calculated in a manner analogous to the degree-day.

First, we define an hourly measure of ambient weather conditions that is a function of both dry 
bulb temperature and humidity:

where,

THIk = 15 + 0.4 x (DBk + WBk )

THIk = Temperature-humidity index for hour k [°F/h] 
DBk = Dry-bulb temperature for hour k [°F/h]
WBk = Wet-bulb temperature for hour k [°F/h]

[3]

Second, convert this hourly measure to a daily measure of those hours that contribute to cooling 
loads (by assumption, those in excess of 68°F):

24
THI-DD = £ max(THIk,68) [4]

k=l

where,
THI-DD = Daily sum of hourly THIs in excess of 68 on peak day, d [°F/d]

Third, from analysis of historic system peak days, select a "typical" peak day, and calculate a 
weighted sum of THI-DDs over the three-day period leading up to and including the peak day:

WTHI-DDd = (0.6xTHI-DDd HOUxTHI-DD^j )+(0.1xTHI-DDd_2) [5]
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where,
WTHI-DDd = Weighted sum of THI-DDs about the peak day, d [°F/d]

Fourth, determine peak day energy use based on the ratio of of WTHI-DDd to a long-term 
annual average sum of THI-DDs.

WTHI-DDd
PC, = AC, x [6]ATHI-DD

where,
PC, = Peak day electricity consumption for cooling end use i [kWh/d]
ACj = Annual electricity consumption for cooling end use i [kWh/y] 
ATHI-DD = Long-term annual average sum of THI-DD for the year [°F/y]

Allocation of peak day electricity consumption to hourly loads follows the same general pro
cedure as that used for the non-conditioning loads. However, the load shape values are taken 
from a two-dimensional matrix of energy use as a function of THI and hour of the day.1 The pro
cess requires re-use of the peak day hourly THI values, as defined previously. Separate matrices 
are used for single family central A/C, multi-family central A/C and room A/C. For room A/C, 
an adjustment is introduced to account for the number of rooms served by each room A/C unit.

The goal of our analysis of the PG&E and SCE metered data is to re-estimate the values for the 
two-dimensional matrices of energy use as a function of time and THI.

Heating. Although, we did not analyze the PG&E and SCE data to re-estimate heating time- 
temperature matrices, we include a review of the RPM’s treatment of heating for completeness.

For heating end uses, allocation of annual electricity consumption to peak day electricity con
sumption is also based on the identification of a maximum value from daily weather conditions. 
It differs from the process used for cooling end uses in that the conditions for only the peak day 
are used (rather than a weighted average of several days) and that dry-bulb heating degree-days 
(rather than a temperature humidity index) are the weather parameter.

First, define heating degree-days:

HDD = £ max[65 - (
k=l

24
[7]

where.
HDD = Heating degree per day [°F/d]
DBmax = Maximum dry bulb temperature on day d [°F/h] 
DBmin = Minimum dry bulb temperature on day d [°F/h]

max

1 These values are renormalized by the model, so that the daily integral of the hourly values sums to unity, as 
with the HFjjks.
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Second, determine peak day heating energy use from the ratio of a "typical" peak day HDDs and 
the long-term average of annual HDDs:

PC; = ACj x
HDDd
AHDD

where,
PCj = Peak day electricity consumption for heating end use i [kWh/d] 
ACj = Annual electricity consumption for heating end use i [kWh/y] 
HDDd = HDD for typical year peak day, d [°F/d]

AHDD = Long-term average annual sum of HDD [°F/y]

Allocation of peak day electricity use to hourly loads follows the same procedure as that used for 
cooling. Separate matrices are used for single and multi-family space heating.

A-4



Appendix B. Sources of Residential End-Use Load Shape Data

The first task in our analysis of California end-use load shape data was to review existing 
sources of these data. This appendix summarizes our findings.

Available data were divided into primary and secondary sources. The primary sources were 
California programs with recent and readily available data, or large state-of-the-art programs 
from other parts of the country. The primary sources were identified through contact with the 
California utilities, and from discussions and presentations made at the Workshop on Residential 
Load Shapes, held at UC Berkeley on September 25, 1987. Secondary sources were identified in 
order to provide an alternative source of information that could not be found in the primary 
sources, especially for non-weather sensitive end uses. These secondary sources were identified 
primarily through contacts with the utilities and from reports by the AEIC and EPRI [AEIC 
1982-1983 through 1985-1986, AEIC 1985, EPRI 1984], Sources from both categories are sum
marized in Table B-l.

Table B-l lists, for each utility (or other organization), and for each end use, the number of units 
metered. Also shown the beginning and ending years of the projects. Each line entry may 
include several projects spanning many years, so the years indicated should not be taken as to 
represent the number of years of data available. If the ending year is missing or greater than ’87, 
the project is ongoing and data may not yet be available. In many cases no distinction was made 
between room and central air conditioning; for these cases, the total number of air-conditioning 
units was entered under both columns. If only the number of homes and the represented end 
uses are known, indicates that the quantity represents the number of homes and not the 
number of actual end-use units metered. Most of the projects meter only single-family dwel
lings, those which include monitoring of multifamily dwellings are indicated with Some of 
this information has not been verified with the utilities.
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Table B-l. Sources of Residential End-Use Load Shape Data

Cent Room Space Heat Wtr Solr Solr Dsh
Utility Years AC AC Heat Pump Heat Wtr Pump Wshr Cook

primary sources 
PG&E 85- 384 55 6 52 72 338
SMUD 85-87 350
SDG&E 82-85 85 50
SCE 85-87 39 21 4 17 19
BPA 84- 422* * 422* 422* 422* 422 422
SierraPac 84- ’65* ’65* ’65* ’65* ’65* ’65 ’65

secondary sources
AEPS, (OH) 85-88 260
Allegheny PS 83-84 120
Arizona PS 72-73 27 27 27
BG&E 63-74 64 32 19 52 33 33
CP&L 81-83 270 196
CleveElect 64-65 100
ConEd 85-86 272 272
Consumers 75-85 92 124 80 75 62
DetroitEd 65-78 149 60
El Paso Elect 84-85 27
EPRI 75-80 120 110 110
FP&L 76-84 571 571 200 571 95
FPC 74 140
HLP 74-83 186 61 61 61
JCP&L 75-77 292
LILCo 64 72
MissPwr 84-86 40 40
NiMo 85-88 50 50
NoStatesPwr 82-83 35
PG&E 65-82 67 19
PG&E 86- 11 8 22 23 94
PacP&L 83-86 320 220
PennP&L 76 42 142 42
PECo 69-77 44 36
PEPCo 77-83 60 60 60 52 60
PSE&G (NJ) 84-85 31* 31* 31* 23*
SMUD 79-83 67 37
Seattle City 83-84 43* 43*
SCE 79-80 540
TVA 80-81 31 47 61 358
UtahP&L 72-73 36 36 36 36
WiscElect 84-85 37

’ - Data present, number unknown
* - Data includes multifamily
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Table B-l conL Sources of Residential End-Use Load Shape Data

Clo Clo Pool Solr Lit
Utility Years Wshr Dryr Refg Frzr Pump Pool TV Msc

primary sources
PG&E 85- 373 21
SMUD 85-87
SDG&E 82-85 10
SCE 85-87 17 19 59 30 62 28 9 16
BPA 84- 211 422 211 100 422
SierraPac 84- ’65 ’65 ’65 ’65 ’65

secondary sources
BG&E 63-74 33 33 33
CleveElect 64-65 65
ConEd 85-86 272
Consumers 75-85 30
EPRI 75-80 110
Miss.Pwr 84-86 40
NiMo 85-88 50
PG&E 65-82 22
PG&E 86- 120 107 37
PSE&G (NJ) 84-85 100
UtahP&L 72-73 36

’ - Data present, exact number unknown 
* - Data includes multifamily



Appendix C. Data Analysis Procedures

This appendix summarizes the methods used to develop seasonal adjustment factors and peak 
day load shape by season for non-conditioning end uses and to develop new time-temperature 
matrices for conditioning end uses. The results are presented in Sections IV and V. Supporting 
data tables for these results are contained in Appendix D. Additional data tables are contained in 
Appendix E.

For each set of utility data three different estimations were performed. First, the monthly con
sumption for each appliance was estimated. For the non-conditioning end uses, the monthly 
consumption figures were aggregated into seasons for use in the CEC model. Second, the hourly 
average consumption for the non-conditioning appliances was estimated. Third, when possible1, 
the weather-consumption relationship was estimated for each of the conditioning appliances. 
The analyses of each utility data set (PG&E, SCE, and SDG&E) were similar in concept but 
differ in the details. The following sections describe each analysis separately.

Pacific Gas and Electric
This data set contains 48 half-hourly observations for each household per day. There are 742 
households; the observed period is from 1 Jan 1985 to 31 Dec 1986. Three measurements were 
made for each household, one of which was the whole-building load. The observed appliances 
(or groups of appliances) are central air conditioner, wall (room) air conditioner, clothes dryer, 
electric space heat, heat pump compressor, refrigerator, stove and range top, stove range and 
oven, stove oven, stove range and microwave oven, water heater, miscellaneous kitchen, and 
heat pump heating strip.
Monthly Analysis

This step aims to estimate the average monthly kWh used by each appliance, and to estimate the 
maximum and minimum kWh used. The average kWh use per month is a simple average over 
the number of households in each month. The maximum (minimum) for each month is the kWh 
used by the household with the highest (lowest) consumption level per month. This analysis is 
done for each month of the 24 observed months (i.e., 1985-1986) and then the corresponding 
months in the two years are averaged. The above analysis is repeated for each appliance in the 
data set. The different steps of this estimation are given below.

a) Averaging the half hourly observations into hourly observations. This is done by adding 
each two half-hourly loads and then dividing by 2. The half hour prior to and following the 
clock hour are averaged for each clock hour. The total use per day is then a simple summa
tion over the 24 hours. For each case with missing data the following averaging process 
was performed: define the number of missing half-hourly data for appliance j in day d as 
mjd, and the total kWh use of appliance j in a day as Tjd (=£ hourly kWh used). Then, if

24

1 We performed the analysis for the SDG&E data, but did not report our results, due to the unusual source of the 
metering data (i.e., from the monitoring of direct load control projects).
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mjd>o
Tjd = 48 [Tjd/(48 - mjd)].

b) Each household with fewer than 5 days of observations per month was deleted from the 
data set for that specific month. Because of this selection and the way the houses were 
metered, there may be different households in each month.

c) The monthly kWh use for each appliance and each household is a simple summation over 
the number of days in a month. The missing data are treated as follows. For each month, 
each household, and each appliance, the monthly kWh used is a summation over the 
observed (non-missing values) number of days. This number is then divided by the 
observed number of days and the result is multiplied by the actual number of days in this 
month (e.g., 31 for January).

d) The lower bound of the monthly kWh used for each appliance is estimated by choosing the 
household with the lowest monthly kWh used. A similar approach was taken to estimate 
the upper bound.

e) Average kWh use per month of each appliance is the summation over households for each 
month, divided by the number of observed households in this month.

f) The average kWh used, for each month, over the two years is a simple average of the two 
years.

g) At the end of each appliance’s analysis the extreme households were checked. If a house
hold behaved irrationally (or the data did not look real) the household was deleted and all 
of the above steps were repeated.

Hourly Analysis of Non-Conditioning Appliances.
This step aims to estimate the average hourly kWh used for each appliance. The hourly use was 
estimated for the whole year (i.e., average hourly use averaged over the two years), by season 
and by day type (i.e., weekday, weekend). The seasons are defined as follows: Winter includes 
December, January and February; Spring includes March, April and May; Summer includes 
June, July, August and September; and Fall includes October and November. The steps of the 
analysis are described below.
a) Every day with missing half hourly data was deleted (i.e., only full days were included).
b) The average kWh use (and the standard deviation) for each appliance and each hour of the 

day is calculated by averaging over the number of observed days in the data set.
c) The same analysis was done for the different seasons.
d) The same analysis was done for each season and each day type. For example, the average 

kWh use of appliance j in weekends during the winter is done by averaging the relevant 
data over the existing weekends in the winter period of the two years.

Hourly Analysis of Conditioning Appliances.
The objective of this analysis was to create a correspondence matrix between some weather 
measure (i.e., temperature-humidity index for air conditioners and dry-bulb temperature for 
space heating) and the average hourly kWh use of each conditioning appliance. These matrices 
are referred to as time-temperature matrices. For each hour of the day and each value of the 
weather measure the average kWh use is calculated. The PG&E data set includes half-hourly
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dry-bulb temperature and relative humidity from selected weather stations for the two years and
each household metered was assigned to one of these stations. The detailed steps of this part of
the analysis are discussed below.
a) As a first step toward calculating the weather-kWh load matrix the wet-bulb temperature is 

calculated by interpolation in a table of wet-bulb temperature vs. dry-bulb temperature and 
relative humidity.

b) Averaging the half hourly data into hourly data. The missing observations are treated in 
such a way that if there exists a missing observation before an operation (e.g., wet-bulb 
temperature for 9:30-10:00 a.m. is missing) it will still be missing after the operation (e.g., 
wet-bulb temperature for 9-10 a.m. is missing).

c) Transforming the dry-bulb temperatures (DBT) and wet-bulb temperatures (WBT) into the 
temperature humidity index (THI) was accomplished by doing the following operation

THI = 15 + 0.4 • (DBT + WBT).
Again, the missing values were treated as in step (b).

d) Transforming the THI values to discrete values with "jumps" of 1 (e.g., THI = 35, 36, 
37,...).

e) Every hourly observation with a missing value of the hourly kWh or hourly THI is deleted.
f) The data were checked to make sure that each household is related to its corresponding 

weather station. Those households with missing information as to their designated weather 
regions were deleted.

g) The final matrix is estimated. For every hour of the day and for every observed THI (with 
discrete jumps of 1) the following quantities are calculated: (1) mean kWh used, (2) 
number of observed households, (3) standard error of the mean ( = standard 
deviation / Vno. of households), and (4) coefficient of variation (=[100xstandard 
deviation] / mean).

h) The above analysis was repeated by season. The two seasons are Winter (January, Febru
ary, March, April, May, November, December) and Summer (June, July, August, Sep
tember, October).

i) All of the above steps were repeated for all the different types of air conditioners.

Southern California Edison
The SCE data contain five minute interval load data associated with the appliance end use. The 
observed period is 1 Jan 1986 to 31 Dec 1986. The different appliances in this data set are cen
tral air conditioner, central heat pumps, clothes dryer, clothes washer, dishwasher, freezer, gas 
dryer, microwave, oven and range, pool pump, refrigerator, room air conditioner, electric spa, 
evaporative cooler and television set. Unlike the PG&E data set that include a large number of 
informative variables, the SCE data include only a few variables, which makes the analysis 
slightly different. The steps of the analysis are described below where only the differences 
(from the PG&E analysis) are discussed in detail.
Monthly Analysis
Estimating the average, minimum, and maximum monthly kWh use per appliance.
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a) Averaging the five minute observations into hourly observations. This is done by aggregat
ing the 12 5-minute load (six prior to and six following the clock hour) and then dividing 
by 12. Each case with missing values was deleted from the analysis. The total use per day 
is then a simple summation over the 24 hours.

b) The rest of the analysis is similar to the PG&E analysis described previously. Note, how
ever, that the SCE data set consists of only one year.

Hourly Analysis of Non-Conditioning Appliances.
This step is similar to the PG&E analysis described above.
Hourly Analysis of Conditioning Appliances.
The original SCE data set includes only the dry-bulb temperature associated with each house
hold. However, to compute the THI one also needs the hourly wet-bulb temperature data. To 
overcome this problem another weather data set obtained from NOAA was used. This data set 
includes both dry and wet-bulb temperatures from weather stations in the SCE service area. The 
weather data are for six regions in California and correspond to the original SCE data in the fol
lowing way. Each original district corresponds to one of the six SCE regions. The following 
table describes this correspondence.

Original District SCE Region

a) 22, 26, 27, 35, 47 Hollywood - Burbank
b) 32, 33, 39,41,42,44, 46 Los Angeles
c) 34 Norton AFB
d) 29, 43, 48 El Toro MCAS
e) 36, 50,51,52,53,54, 59 Bakersfield
f) 79,89 March AFB

The rest of this step is similar to the PG&E analysis described before.

San Diego Gas and Electric
The SDG&E data contain hourly load data associated with the appliances end use for the period 
1 Jan 1982 to 31 Dec 1984. This data set is small and a large number of observations are miss
ing. The only appliances included in the data are central air conditioners and electric water 
heaters. These appliances were subject to several "cycling strategies", which makes the analysis 
of this data set different then the other two data sets.
Monthly Analysis.
There are not enough observations to analyze the monthly (or average over the three-year 
period) use of each of the two appliances in the data set.
Hourly Analysis of Non-Conditioning Appliances.
This analysis includes only electric water heaters. There are no days with missing observations. 
However, the total number of observations is only 1233 over the three years. The analysis is 
done exactly as the PG&E hourly analysis was done with the additional step of breaking the data 
into subgroups according to the four "cycling strategies". If a household was subject to cycling, 
the cycling occurred on odd-numbered weekdays between noon and 6 p.m. The data set we
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analyzed included the "no cycling" households plus all weekends and all even weekdays for 
1983-1984.
Hourly Analysis of Conditioning Appliances.
The only conditioning appliance is central air conditioners. No weather data are included in the 
data set (except high, and low, dry-bulb temperature for each day). As in the SCE analysis 
another weather data set obtained from NOAA was used, which included both dry and wet bulb 
temperatures. The new weather data are from only one region (weather station number 23232), 
which is used to analyze all three climate zones in the original SDG&E data set (Maritime, Coa
stal, Transitional).
The rest of this step is similar to the PG&E analysis described before.
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Appendix D. Data Tables for Sections IV and V

To facilitate presentation in the body of the report the values used to produce the graphs con
tained in Sections IV and V are presented separately in this appendix.
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Table D-l. PG&E Refrigerator - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 3.68 3.75 3.94 3.76
2 3.51 3.59 3.71 3.64
3 3.48 3.56 3.58 3.59
4 3.36 3.47 3.63 3.45
5 3.38 3.42 3.50 3.50
6 3.59 3.69 3.60 3.64
7 3.78 3.78 3.78 3.94
8 4.08 4.12 3.87 4.12
9 4.19 4.04 3.94 4.10

10 4.12 4.01 4.02 4.08
11 4.00 4.02 4.00 4.02
12 4.24 4.17 4.16 4.11
13 4.25 4.15 4.21 4.19
14 4.19 4.18 4.21 4.27
15 4.31 4.31 4.31 4.33
16 4.39 4.53 4.50 4.45
17 4.69 4.69 4.60 4.63
18 5.11 4.89 4.78 4.87
19 5.06 4.93 4.84 4.94
20 4.90 4.81 4.78 4.81
21 4.83 4.82 4.73 4.69
22 4.67 4.62 4.72 4.60
23 4.23 4.40 4.43 4.31
24 3.95 4.07 4.16 3.96
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Table D-2. PG&E Water Heater - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 1.17 1.10 1.22 1.15
2 0.91 0.89 1.00 1.02
3 0.95 0.86 1.00 1.12
4 1.38 1.39 1.63 1.71
5 2.74 3.09 3.08 3.05
6 4.96 5.92 5.03 5.05
7 7.18 8.19 6.98 7.64
8 7.99 8.55 7.48 8.14
9 6.99 7.33 7.39 7.30

10 5.86 5.75 6.20 5.64
11 4.75 4.53 4.80 4.41
12 4.10 3.73 4.26 3.91
13 3.80 3.23 3.84 3.64
14 3.57 3.06 3.74 3.64
15 3.27 2.98 3.23 3.02
16 3.83 3.75 3.60 3.59
17 5.09 5.02 5.60 5.26
18 6.14 5.80 5.60 6.19
19 7.06 6.50 5.68 6.58
20 6.05 5.88 5.26 5.93
21 4.31 4.53 4.90 4.25
22 3.44 3.58 4.06 3.51
23 2.70 2.72 2.69 2.59
24 1.76 1.62 1.73 1.69
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Table D-3. PG&E Clothes Dryer - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 0.51 0.45 0.58 0.47
2 0.28 0.27 0.30 0.25
3 0.18 0.15 0.20 0.16
4 0.13 0.11 0.16 0.13
5 0.21 0.19 0.25 0.30
6 0.71 0.97 0.74 0.79
7 1.80 2.64 2.13 2.33
8 3.23 4.22 3.91 3.92
9 5.54 6.26 6.07 6.11

10 7.28 7.72 7.76 7.64
11 8.45 8.30 8.69 8.27
12 8.48 8.05 8.40 8.35
13 7.89 7.14 7.54 7.34
14 7.07 6.27 6.34 6.66
15 6.52 5.85 5.67 6.10
16 6.47 5.82 5.44 6.14
17 6.38 5.73 5.44 6.05
18 6.04 5.73 5.50 5.80
19 5.45 5.48 5.27 5.62
20 5.17 5.37 5.26 5.23
21 4.79 5.36 5.31 4.95
22 3.84 4.28 4.66 3.83
23 2.43 2.52 3.02 2.36
24 1.16 1.12 1.37 1.22
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Table D-4. PG&E Cooking - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 0.23 0.19 0.23 0.25
2 0.17 0.14 0.17 0.20
3 0.17 0.14 0.15 0.19
4 0.26 0.30 0.32 0.23
5 0.66 0.82 0.80 0.74
6 1.97 2.62 2.25 2.32
7 3.52 4.40 3.54 4.11
8 4.33 4.72 4.34 4.64
9 4.27 4.07 4.64 4.36

10 4.17 3.68 4.31 4.18
11 4.24 3.81 4.25 4.28
12 5.49 4.95 5.27 5.35
13 4.75 4.13 4.58 4.63
14 4.17 3.41 3.69 4.00
15 4.43 3.84 4.03 4.41
16 6.99 6.54 5.93 6.80
17 13.16 12.30 11.10 12.99
18 17.59 17.87 16.53 17.13
19 9.71 11.42 11.34 9.78
20 4.63 5.45 6.04 4.46
21 2.59 2.81 3.48 2.48
22 1.50 1.43 1.79 1.43
23 0.68 0.65 0.83 0.70
24 0.34 0.28 0.37 0.35
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Table D-5. SCE Refrigerator - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 3.97 3.87 3.95 3.90
2 3.87 3.91 3.91 3.90
3 3.66 3.68 3.73 3.67
4 3.61 3.55 3.65 3.58
5 3.59 3.54 3.63 3.49
6 3.50 3.58 3.66 3.55
7 3.78 3.78 3.84 3.73
8 4.01 3.94 3.93 4.04
9 4.03 3.94 3.86 3.86

10 4.09 3.92 3.97 3.92
11 4.00 4.00 4.08 3.97
12 4.08 4.17 4.25 4.11
13 4.24 4.27 4.30 4.26
14 4.32 4.41 4.34 4.35
15 4.35 4.41 4.41 4.46
16 4.43 4.49 4.51 4.64
17 4.51 4.56 4.60 4.65
18 4.75 4.76 4.70 4.75
19 4.84 4.81 4.67 4.79
20 4.69 4.76 4.59 4.76
21 4.64 4.74 4.56 4.59
22 4.50 4.50 4.40 4.46
23 4.33 4.30 4.28 4.31
24 4.22 4.13 4.19 4.25
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Table D-6. SCE Freezer - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 4.01 3.91 3.97 3.89
2 3.91 3.83 3.88 3.96
3 3.98 3.80 3.89 3.98
4 3.91 3.75 3.89 3.83
5 3.87 3.70 3.72 3.77
6 3.87 3.64 3.67 3.88
7 3.78 3.73 3.70 3.81
8 3.85 3.70 3.80 3.76
9 4.07 4.05 4.04 3.93

10 3.99 4.15 4.10 3.97
11 4.16 4.24 4.25 4.18
12 4.11 4.37 4.37 4.31
13 4.38 4.51 4.47 4.45
14 4.47 4.69 4.61 4.52
15 4.55 4.78 4.68 4.59
16 4.64 4.80 4.75 4.64
17 4.57 4.75 4.66 4.62
18 4.38 4.55 4.52 4.44
19 4.35 4.29 4.41 4.45
20 4.38 4.19 4.26 4.26
21 4.40 4.42 4.23 4.39
22 4.24 4.15 4.08 4.23
23 4.10 4.01 4.07 4.13
24 4.00 3.96 3.97 4.02
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Table D-7. SCE Cooking - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 0.83 1.21 0.92 0.78
2 0.82 1.14 0.92 0.73
3 0.74 1.10 0.86 0.75
4 0.78 1.05 0.90 0.70
5 0.75 1.62 1.86 1.11
6 1.93 2.87 2.53 1.92
7 1.83 3.69 5.51 3.98
8 3.99 5.90 5.53 5.37
9 4.83 5.19 3.80 3.97

10 4.17 3.59 3.42 3.86
11 3.69 3.48 3.81 4.31
12 5.69 4.90 3.83 3.96
13 4.96 3.99 3.23 4.10
14 4.38 4.22 4.40 3.88
15 5.19 4.51 5.10 4.15
16 6.26 6.48 7.31 5.49
17 11.16 12.34 15.14 13.90
18 16.01 12.80 9.62 15.90
19 9.00 7.17 8.82 9.81
20 5.35 5.82 4.47 5.18
21 3.63 3.12 2.77 2.61
22 1.99 1.53 2.80 1.50
23 1.08 1.16 1.33 1.11
24 0.92 1.11 1.13 0.93
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Table D-8. SCE Clothes Dryer - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 0.23 0.14 0.13 0.29
2 0.03 0.01 0.09 0.04
3 0.00 0.01 0.12 0.04
4 0.00 0.13 0.82 0.48
5 0.04 0.41 1.46 1.47
6 0.31 0.69 1.39 2.04
7 1.18 2.17 3.09 2.95
8 3.33 3.46 5.27 5.67
9 4.95 5.96 7.11 7.23

10 7.68 8.16 7.50 7.92
11 8.76 9.03 7.80 6.16
12 9.11 9.43 7.03 6.39
13 8.30 8.88 7.05 6.03
14 7.98 8.02 7.29 5.82
15 7.64 7.71 6.87 5.44
16 7.20 7.41 6.95 5.52
17 6.61 6.37 6.97 6.65
18 6.69 4.90 5.96 7.31
19 5.68 3.74 4.95 6.66
20 4.15 3.55 4.42 6.69
21 3.59 3.55 3.87 4.45
22 3.09 3.83 2.23 2.48
23 2.32 1.96 1.23 1.60
24 1.12 0.47 0.40 0.68
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Table D-9. SCE Clothes Washer - Daily Load Shape

Percent of Total Daily Energy

Hour
Winter

Dec-Feb
Spring

Mar-May
Summer
Jun-Sep

Fall
Oct-Nov

1 0.76 0.45 0.27 0.18
2 0.24 0.23 0.12 0.11
3 0.12 0.19 0.09 0.07
4 0.11 0.17 0.07 0.10
5 0.13 0.19 0.31 0.14
6 0.25 0.61 1.77 0.84
7 0.92 1.46 3.99 2.79
8 3.23 4.49 7.01 4.95
9 5.46 6.55 8.50 6.39

10 6.43 7.74 9.25 7.22
11 8.40 8.37 7.57 7.08
12 9.39 8.28 7.03 6.52
13 8.36 7.75 6.46 7.40
14 7.44 6.59 5.87 6.13
15 7.04 6.25 5.31 5.73
16 6.93 5.76 5.03 5.65
17 6.28 6.13 4.98 6.78
18 6.08 6.35 5.30 6.88
19 5.29 5.51 5.10 6.35
20 4.22 4.96 5.40 5.87
21 4.11 4.57 4.53 4.85
22 4.23 3.89 3.21 4.04
23 2.87 2.54 2.01 2.86
24 1.70 0.96 0.84 1.08
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Table D-10. SCE Dishwasher - Daily Load Shape

Hour

Percent of Total Daily Energy
Winter Spring Summer Fall

Dec-Feb Mar-May Jun-Sep Oct-Nov

1 1.69 2.43 1.68 1.78
2 1.18 1.78 1.47 1.26
3 0.89 1.66 1.74 1.46
4 0.90 1.64 1.52 1.50
5 1.19 1.42 2.20 0.88
6 0.96 2.26 2.53 1.93
7 2.75 4.07 2.50 3.36
8 4.05 3.46 6.38 6.00
9 5.98 8.98 5.99 8.52

10 6.55 9.07 3.58 6.38
11 4.48 6.45 3.89 2.90
12 3.63 3.58 5.66 3.37
13 4.81 2.99 5.06 3.87
14 5.59 3.38 3.83 5.14
15 6.10 4.52 4.46 6.10
16 6.67 4.37 4.30 5.11
17 4.91 4.25 6.62 5.75
18 5.99 4.30 9.29 7.30
19 6.94 6.87 7.36 8.31
20 8.21 4.70 6.04 6.27
21 4.00 5.15 5.28 3.14
22 4.86 4.24 3.40 2.38
23 4.10 4.48 3.24 4.03
24 3.56 3.95 1.96 3.25
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Table D-ll. SDG&E Water Heating - Daily Load Shape

Hour
Percent of

Total Daily Energy

1 2.47
2 2.12
3 1.99
4 2.08
5 2.67
6 3.59
7 5.14
8 6.14
9 5.80

10 5.11
11 4.60
12 4.23
13 4.01
14 3.60
15 3.67
16 3.94
17 4.73
18 5.83
19 6.01
20 5.53
21 5.37
22 4.45
23 3.79
24 3.13
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Table D-12. PG&E Central Air Conditioner Time-Temperature Matrix

THI 1 2 3 4 5
Time of Day

6 7 8 9 10 ii 12

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd 0.07 nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd 0.02 0.02 0.03 0.03 0.03 nd nd nd nd nd
44 nd nd nd 0.04 0.05 0.03 0.05 0.02 nd nd nd nd
45 0.02 0.02 0.04 0.03 0.01 0.02 0.03 0.09 nd nd nd nd
46 0.03 0.05 0.02 0.01 0.02 0.02 0.04 0.05 0.13 nd nd nd
47 0.04 0.01 0.01 0.02 0.02 0.03 0.03 0.07 0.02 nd nd nd
48 0.01 0.02 0.02 0.03 0.03 0.03 0.03 0.04 0.02 nd nd nd
49 0.02 0.02 0.02 0.02 0.02 0.02 0.05 0.03 0.03 0.10 nd nd
50 0.03 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.04 0.06 0.10 0.09
51 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.04 0.09 0.08
52 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.04 0.02 0.06 0.05
53 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.05 nd
54 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.08
55 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.03
56 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.02
57 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.02 0.02
58 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.03
59 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02
60 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03
61 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
62 0.05 0.05 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02
63 0.06 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.02
64 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.02 0.02 0.02
65 0.11 0.09 0.08 0.08 0.06 0.05 0.05 0.05 0.04 0.03 0.03 0.02
66 0.15 0.14 0.11 0.09 0.07 0.07 0.05 0.06 0.04 0.03 0.03 0.03
67 0.19 0.14 0.12 0.09 0.09 0.07 0.07 0.07 0.05 0.04 0.03 0.03
68 0.21 0.18 0.15 0.12 0.08 0.10 0.09 0.08 0.06 0.05 0.05 0.04
69 0.26 0.20 0.17 0.17 0.14 0.12 0.11 0.12 0.10 0.07 0.06 0.06
70 0.30 0.25 0.26 0.20 0.14 0.14 0.11 0.11 0.13 0.10 0.09 0.06
71 0.37 0.30 0.28 0.25 0.24 0.19 0.18 0.13 0.13 0.13 0.11 0.09
72 0.42 0.37 0.33 0.10 0.26 0.24 0.14 0.18 0.17 0.15 0.14 0.13
73 0.51 0.42 0.26 0.26 0.00 nd 0.00 0.17 0.17 0.22 0.19 0.18
74 0.52 0.47 0.34 nd nd nd nd 0.27 0.22 0.24 0.25 0.28
75 0.72 1.12 nd 0.00 nd nd nd 0.15 0.27 0.29 0.34 0.33
76 nd nd nd nd nd nd nd nd 0.42 0.37 0.42 0.44
77 nd nd nd nd nd nd nd nd 0.29 0.54 0.46 0.57
78 nd nd nd nd nd nd nd nd 0.00 0.45 0.60 0.74
79 nd nd nd nd nd nd nd nd nd 0.86 0.90 0.87
80 nd nd nd nd nd nd nd nd nd nd 0.96 1.03
81 nd nd nd nd nd nd nd nd nd nd 0.97 1.22
82 nd nd nd nd nd nd nd nd nd nd nd 1.41
83 nd nd nd nd nd nd nd nd nd nd nd 0.59
84 nd nd nd nd nd nd nd nd nd nd nd nd
85 nd nd nd nd nd nd nd nd nd nd nd nd
86 nd nd nd nd nd nd nd nd nd nd nd nd
87 nd nd nd nd nd nd nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval
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Table D-12 cont. PG&E Central Air Conditioner Time-Temperature Matrix

THI 13 14 15 16 17
Time of Day
18 19 20 21 22 23 24

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd nd nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd nd nd nd nd nd nd nd nd nd nd
44 nd nd nd nd nd nd nd nd nd nd 0.04 0.03
45 nd nd nd nd nd nd nd nd nd nd nd nd
46 nd nd nd nd nd nd nd nd nd 0.06 nd nd
47 nd nd nd nd nd nd nd nd 0.03 0.01 0.04 0.02
48 nd nd nd nd nd nd nd nd 0.06 0.07 0.02 0.02
49 nd nd nd nd nd nd 0.08 0.06 0.06 0.04 0.02 0.02
50 nd 0.09 0.09 0.10 0.07 0.06 0.07 0.06 0.03 0.03 0.02 0.01
51 0.09 nd nd 0.09 0.09 0.08 0.07 0.08 0.05 0.03 0.02 0.02
52 0.06 0.08 0.09 0.07 nd 0.07 0.04 0.04 0.02 0.02 0.02 0.02
53 0.13 0.13 0.08 0.09 0.08 0.07 0.05 0.03 0.03 0.03 0.02 0.02
54 0.03 0.03 0.03 0.07 0.03 0.03 0.02 0.03 0.03 0.02 0.02 0.02
55 0.06 0.07 0.08 nd 0.12 0.04 0.03 0.02 0.03 0.02 0.02 0.02
56 0.03 0.02 0.03 0.04 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02
57 0.05 0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.02
58 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.02 0.02
59 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.04 0.03 0.04 0.03 0.03
60 0.03 0.02 0.02 0.04 0.03 0.03 0.03 0.05 0.05 0.04 0.03 0.03
61 0.03 0.02 0.05 0.02 0.02 0.03 0.04 0.05 0.04 0.05 0.04 0.04
62 0.02 0.02 0.03 0.02 0.03 0.05 0.07 0.06 0.07 0.06 0.07 0.06
63 0.02 0.02 0.02 0.03 0.04 0.07 0.07 0.07 0.09 0.09 0.08 0.07
64 0.02 0.03 0.03 0.05 0.08 0.08 0.09 0.11 0.12 0.13 0.11 0.10
65 0.02 0.03 0.04 0.06 0.06 0.08 0.08 0.16 0.15 0.18 0.16 0.13
66 0.02 0.03 0.04 0.05 0.07 0.10 0.13 0.19 0.22 0.23 0.22 0.18
67 0.03 0.03 0.05 0.06 0.09 0.10 0.23 0.25 0.32 0.30 0.24 0.18
68 0.03 0.05 0.05 0.08 0.11 0.22 0.31 0.32 0.36 0.38 0.32 0.29
69 0.05 0.05 0.07 0.09 0.16 0.23 0.37 0.42 0.46 0.46 0.40 0.30
70 0.07 0.07 0.11 0.13 0.23 0.44 0.41 0.56 0.54 0.57 0.52 0.37
71 0.09 0.13 0.13 0.19 0.29 0.41 0.53 0.66 0.81 0.69 0.52 0.47
72 0.14 0.13 0.19 0.28 0.47 0.57 0.77 0.79 0.84 0.84 0.66 0.52
73 0.17 0.22 0.26 0.38 0.49 0.60 0.75 1.01 1.11 0.99 0.83 0.65
74 0.26 0.27 0.35 0.45 0.63 0.80 0.98 1.18 1.16 1.20 0.91 0.80
75 0.36 0.37 0.44 0.59 0.72 0.88 1.16 1.41 1.48 1.36 1.05 0.85
76 0.47 0.55 0.61 0.73 0.88 1.14 1.57 1.60 1.68 1.43 1.18 0.70
77 0.65 0.68 0.81 0.92 1.13 1.42 1.74 1.81 1.66 1.70 1.23 1.01
78 0.78 0.91 0.99 1.15 1.38 1.70 1.96 2.00 1.98 1.68 1.28 nd
79 0.97 1.01 1.13 1.25 1.56 1.99 2.06 2.20 2.11 2.00 nd nd
80 1.22 1.28 1.39 1.54 1.82 2.06 2.30 2.13 2.21 nd nd nd
81 1.34 1.46 1.57 1.75 1.98 2.32 2.47 2.46 2.88 nd nd nd
82 1.56 1.73 1.90 1.99 2.24 2.67 2.62 2.76 nd nd nd nd
83 1.63 1.74 1.94 2.20 2.47 2.68 2.61 3.87 nd nd nd nd
84 0.68 1.97 2.19 2.45 2.69 2.54 2.19 nd nd nd nd nd
85 nd 2.04 2.24 2.34 2.25 2.47 3.06 nd nd nd nd nd
86 nd 0.73 1.47 2.55 2.71 2.70 4.44 nd nd nd nd nd
87 nd nd 2.55 1.86 2.24 3.69 nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval

D-14



Table D-13. PG&E Room Air Conditioner Time-Temperature Matrix

THI 1 2 3 4 5
Time of Day

6 7 8 9 10 ii 12

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd nd nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd 0.00 0.00 0.00 0.00 0.00 nd nd nd nd nd
44 nd nd nd 0.00 0.00 0.00 0.00 0.00 nd nd nd nd
45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 nd nd nd nd
46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 nd nd nd
47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 nd nd nd
48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 nd nd nd
49 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 nd nd
50 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
53 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 nd
54 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
59 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00
61 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01
62 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00
63 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00
64 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
65 0.01 0.01 0.03 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01
66 0.03 0.04 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.01
67 0.03 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01
68 0.06 0.03 0.01 0.01 0.01 0.01 0.00 0.02 0.02 0.02 0.01 0.02
69 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.02 0.02 0.02
70 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.05 0.03 0.02
71 0.03 0.01 0.01 0.03 0.01 0.01 0.01 0.00 0.04 0.06 0.05 0.03
72 0.01 0.01 0.06 0.01 0.01 nd 0.01 0.01 0.01 0.04 0.04 0.04
73 0.01 0.06 0.01 0.01 nd nd nd 0.01 0.04 0.07 0.09 0.06
74 0.09 0.01 0.01 nd nd nd nd 0.01 0.05 0.06 0.11 0.11
75 0.00 nd nd nd nd nd nd nd 0.01 0.08 0.16 0.12
76 nd nd nd nd nd nd nd nd 0.06 0.10 0.10 0.19
77 nd nd nd nd nd nd nd nd 0.01 0.05 0.10 0.28
78 nd nd nd nd nd nd nd nd nd 0.01 0.21 0.26
79 nd nd nd nd nd nd nd nd nd 0.06 0.18 0.25
80 nd nd nd nd nd nd nd nd nd nd 0.39 0.25
81 nd nd nd nd nd nd nd nd nd nd 0.00 0.15
82 nd nd nd nd nd nd nd nd nd nd nd 0.77
83 nd nd nd nd nd nd nd nd nd nd nd 0.00
84 nd nd nd nd nd nd nd nd nd nd nd nd
85 nd nd nd nd nd nd nd nd nd nd nd nd
86 nd nd nd nd nd nd nd nd nd nd nd nd
87 nd nd nd nd nd nd nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval
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Table D-13 cont. PG&E Room Air Conditioner Time-Temperature Matrix

THI 13 14 15 16 17
Time of Day
18 19 20 21 22 23 24

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd nd nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd nd nd nd nd nd nd nd nd nd nd
44 nd nd nd nd nd nd nd nd nd nd 0.00 0.00
45 nd nd nd nd nd nd nd nd nd nd nd nd
46 nd nd nd nd nd nd nd nd nd 0.00 nd nd
47 nd nd nd nd nd nd nd nd 0.00 0.00 nd 0.00
48 nd nd nd nd nd nd nd nd nd nd nd 0.00
49 nd nd nd nd nd nd 0.00 0.00 0.00 0.00 0.00 0.00
50 nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51 0.00 nd nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
52 0.00 0.00 0.00 0.00 nd nd nd 0.00 0.00 0.00 0.00 0.01
53 nd nd 0.00 nd nd nd 0.00 0.00 0.00 0.00 0.02 0.00
54 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
55 0.00 0.00 nd nd nd 0.00 0.01 0.03 0.00 0.00 0.00 0.01
56 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.00 0.01 0.00
57 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.01 0.01 0.01 0.00
58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01 0.01 0.00
59 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 0.01 0.00 0.00
60 0.00 0.00 0.00 0.00 0.04 0.02 0.03 0.03 0.03 0.02 0.01 0.00
61 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.04 0.03 0.02 0.01 0.01
62 0.01 0.00 0.01 0.01 0.01 0.06 0.09 0.03 0.03 0.02 0.01 0.01
63 0.00 0.00 0.01 0.01 0.06 0.09 0.05 0.04 0.03 0.03 0.03 0.01
64 0.01 0.01 0.01 0.04 0.09 0.11 0.07 0.05 0.06 0.07 0.02 0.01
65 0.01 0.03 0.04 0.05 0.07 0.06 0.05 0.06 0.07 0.06 0.03 0.03
66 0.01 0.03 0.05 0.04 0.07 0.08 0.05 0.07 0.08 0.11 0.06 0.01
67 0.02 0.02 0.04 0.06 0.04 0.06 0.10 0.15 0.13 0.10 0.06 0.04
68 0.02 0.03 0.03 0.04 0.08 0.10 0.13 0.15 0.16 0.15 0.11 0.07
69 0.03 0.04 0.03 0.04 0.07 0.11 0.19 0.19 0.25 0.16 0.10 0.05
70 0.02 0.03 0.06 0.09 0.15 0.21 0.22 0.27 0.28 0.18 0.09 0.04
71 0.03 0.05 0.07 0.10 0.16 0.19 0.27 0.33 0.31 0.21 0.11 0.05
72 0.04 0.06 0.07 0.11 0.21 0.27 0.35 0.38 0.35 0.23 0.07 0.03
73 0.08 0.08 0.11 0.15 0.25 0.30 0.37 0.51 0.48 0.23 0.12 0.08
74 0.10 0.11 0.17 0.24 0.35 0.43 0.48 0.58 0.40 0.17 0.07 0.01
75 0.11 0.17 0.21 0.34 0.36 0.48 0.62 0.63 0.43 0.23 0.12 0.12
76 0.15 0.21 0.34 0.44 0.48 0.62 0.76 0.70 0.45 0.27 0.09 0.01
77 0.24 0.22 0.36 0.53 0.63 0.83 0.99 0.90 0.64 0.47 nd 0.01
78 0.40 0.39 0.42 0.54 0.80 0.95 0.93 0.76 0.50 0.21 0.40 nd
79 0.34 0.50 0.59 0.75 0.84 1.01 1.10 0.76 0.59 0.47 nd nd
80 0.52 0.68 0.78 0.93 1.14 1.03 0.87 0.78 0.89 nd nd nd
81 0.41 0.53 0.80 0.95 1.06 1.17 0.90 0.96 nd nd nd nd
82 0.30 0.64 0.79 1.01 1.15 1.13 1.19 1.23 nd nd nd nd
83 1.17 0.53 0.89 1.00 1.19 1.13 1.33 nd nd nd nd nd
84 0.00 1.51 0.80 0.89 0.83 1.33 0.00 nd nd nd nd nd
85 nd 0.00 1.93 1.46 0.96 0.00 1.50 nd nd nd nd nd
86 nd 0.00 0.86 2.19 2.06 1.45 nd nd nd nd nd nd
87 nd nd nd 0.00 0.00 nd nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval
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Table D-14. SCE Central Air Conditioner Time-Temperature Matrix

THI 1 2 3 4 5
Time of Day

6 7 8 9 10 ii 12

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd nd nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd nd nd nd nd nd nd nd nd nd nd
44 nd nd nd nd nd nd nd nd nd nd nd nd
45 nd nd nd nd nd nd nd nd nd nd nd nd
46 nd nd nd nd nd nd nd nd nd nd nd nd
47 nd nd nd nd nd nd nd nd nd nd nd nd
48 nd nd nd nd 0.02 nd nd 0.02 nd nd nd nd
49 nd nd nd nd nd 0.02 0.02 nd nd nd nd nd
50 nd nd nd 0.02 0.02 0.03 0.03 nd nd nd nd nd
51 nd nd 0.02 0.02 0.02 0.03 0.03 0.02 0.02 nd nd nd
52 nd 0.02 0.02 0.02 0.02 0.04 0.03 0.08 nd nd nd nd
53 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 nd nd nd nd
54 0.03 0.03 0.03 0.02 0.02 0.03 0.02 0.03 0.02 nd nd nd
55 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.02 nd nd nd
56 0.03 0.02 0.02 0.02 0.02 0.03 0.04 0.03 0.03 0.02 nd nd
57 0.03 0.02 0.02 0.02 0.03 0.04 0.03 0.03 0.04 0.02 nd nd
58 0.03 0.03 0.04 0.03 0.05 0.05 0.03 0.03 0.04 0.03 0.05 nd
59 0.07 0.07 0.07 0.06 0.06 0.04 0.04 0.03 0.03 0.03 0.02 0.03
60 0.03 0.06 0.05 0.07 0.06 0.08 0.10 0.05 0.04 0.04 0.03 0.02
61 0.14 0.11 0.09 0.09 0.09 0.07 0.07 0.07 0.05 0.04 0.03 0.03
62 0.12 0.08 0.06 0.06 0.07 0.07 0.09 0.06 0.09 0.06 0.05 0.03
63 0.08 0.05 0.10 0.08 0.07 0.05 0.07 0.05 0.03 0.04 0.04 0.07
64 0.08 0.11 0.06 0.07 0.07 0.07 0.08 0.08 0.04 0.06 0.11 0.05
65 0.11 0.11 0.12 0.10 0.07 0.05 0.11 0.09 0.07 0.07 0.19 0.06
66 0.17 0.10 0.06 0.06 0.02 0.09 0.12 0.14 0.12 0.09 0.10 0.06
67 0.25 0.17 0.15 0.07 0.08 0.06 0.08 0.27 0.12 0.14 0.05 0.23
68 0.19 0.10 0.10 0.09 0.10 0.12 0.08 0.21 0.15 0.12 0.08 0.17
69 0.27 0.34 0.21 0.17 0.03 0.14 0.32 0.37 0.67 0.37 0.16 0.32
70 0.33 0.21 0.16 0.42 0.25 0.09 0.21 0.19 0.65 0.23 0.36 0.24
71 0.02 0.02 0.50 nd nd 0.18 0.32 0.45 0.37 0.33 0.48 0.35
72 0.37 0.54 0.14 0.14 0.16 0.04 0.18 0.34 0.59 0.69 0.44 0.53
73 0.18 nd nd nd nd nd nd 0.50 0.36 1.04 0.39 0.62
74 nd nd nd nd nd 0.28 0.25 0.47 0.58 0.81 0.77 0.58
75 nd nd nd nd nd nd nd 0.91 0.28 0.80 1.24 0.67
76 nd nd nd nd nd nd nd nd 0.67 0.59 1.23 1.17
77 nd nd nd nd nd nd nd nd nd 0.67 1.39 1.28
78 nd nd nd nd nd nd nd nd nd 0.66 1.10 1.41
79 nd nd nd nd nd nd nd nd nd 1.23 0.98 1.33
80 nd nd nd nd nd nd nd nd nd nd 1.48 1.81
81 nd nd nd nd nd nd nd nd nd nd 0.14 2.30
82 nd nd nd nd nd nd nd nd nd nd 1.85 0.91
83 nd nd nd nd nd nd nd nd nd nd nd 0.56
84 nd nd nd nd nd nd nd nd nd nd nd nd
85 nd nd nd nd nd nd nd nd nd nd nd nd
86 nd nd nd nd nd nd nd nd nd nd nd nd
87 nd nd nd nd nd nd nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval
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Table D-14 cont. SCE Central Air Conditioner Time-Temperature Matrix

THI 13 14 15 16 17
Time of Day
18 19 20 21 22 23 24

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd nd nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd nd nd nd nd nd nd nd nd nd nd
44 nd nd nd nd nd nd nd nd nd nd nd nd
45 nd nd nd nd nd nd nd nd nd nd nd nd
46 nd nd nd nd nd nd nd nd nd nd nd nd
47 nd nd nd nd nd nd nd nd nd nd nd nd
48 nd nd nd nd nd nd nd nd nd nd nd nd
49 nd nd nd nd nd nd nd nd nd nd nd nd
50 nd nd nd nd nd nd nd nd nd nd nd nd
51 nd nd nd nd nd nd nd nd nd nd nd nd
52 nd nd nd nd nd nd nd nd nd nd nd nd
53 nd nd nd nd nd nd nd nd nd nd nd 0.02
54 nd nd nd nd nd nd nd nd 0.04 nd 0.02 0.02
55 nd nd nd nd nd nd nd nd nd 0.10 0.02 0.02
56 nd nd nd nd nd nd nd nd 0.03 0.02 0.02 0.02
57 nd nd nd nd nd nd nd 0.04 0.03 0.02 0.04 0.04
58 nd nd nd 0.01 0.05 nd nd 0.03 0.03 0.04 0.04 0.03
59 nd nd nd nd nd nd 0.03 0.05 0.04 0.06 0.04 0.04
60 0.03 nd 0.02 0.02 0.02 0.03 0.07 0.04 0.07 0.03 0.03 0.05
61 0.02 0.06 0.03 0.03 0.02 0.06 0.03 0.04 0.04 0.02 0.05 0.09
62 0.04 0.06 0.20 0.12 0.14 0.03 0.04 0.06 0.04 0.07 0.09 0.16
63 0.02 0.03 0.02 0.10 0.03 0.03 0.06 0.03 0.09 0.07 0.15 0.14
64 0.07 0.06 0.04 0.06 0.04 0.05 0.09 0.06 0.09 0.19 0.19 0.11
65 0.09 0.07 0.06 0.04 0.06 0.05 0.06 0.12 0.14 0.25 0.18 0.08
66 0.05 0.12 0.07 0.07 0.08 0.14 0.09 0.21 0.33 0.21 0.19 0.28
67 0.06 0.08 0.12 0.19 0.19 0.15 0.31 0.19 0.39 0.32 0.35 0.18
68 0.18 0.14 0.19 0.26 0.20 0.22 0.22 0.45 0.45 0.60 0.38 0.28
69 0.24 0.36 0.27 0.21 0.27 0.64 0.49 0.73 0.94 0.64 0.66 0.15
70 0.46 0.37 0.36 0.46 0.38 0.38 0.55 0.57 0.69 0.50 0.31 0.27
71 0.34 0.34 0.45 0.39 0.42 0.42 0.85 1.06 0.76 0.51 0.54 1.04
72 0.41 0.35 0.31 0.51 0.52 0.82 0.69 0.88 0.83 0.78 nd nd
73 0.61 0.39 0.60 0.46 0.65 1.04 1.25 1.20 1.13 nd 0.19 0.21
74 0.46 0.63 0.42 0.57 1.08 1.10 1.39 1.15 1.51 0.03 nd nd
75 1.20 0.73 0.85 0.85 1.10 1.62 1.44 1.34 1.04 0.29 nd nd
76 1.06 1.19 1.18 1.29 1.45 2.05 1.49 1.36 1.17 nd nd nd
77 0.90 1.27 1.15 1.47 1.83 2.13 1.75 1.79 nd nd nd nd
78 1.51 1.25 1.48 1.60 2.00 1.99 1.54 2.24 1.15 nd nd nd
79 1.44 1.67 1.89 1.90 2.31 2.30 2.12 1.94 1.35 nd nd nd
80 1.71 2.00 2.10 2.29 2.22 2.29 2.45 1.78 nd nd nd nd
81 2.28 2.13 2.26 2.29 2.77 2.48 2.21 1.72 nd nd nd nd
82 2.55 2.19 2.31 2.70 2.56 2.59 2.23 1.98 nd nd nd nd
83 1.67 2.30 2.61 3.03 2.88 2.72 1.81 nd nd nd nd nd
84 nd 2.92 2.93 2.67 2.57 2.29 2.30 nd nd nd nd nd
85 nd nd 3.31 nd 3.03 2.94 nd nd nd nd nd nd
86 nd nd nd 3.25 nd nd nd nd nd nd nd nd
87 nd nd nd nd nd nd nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval
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Table D-15. SCE Room Air Conditioner Time-Temperature Matrix

THI 1 2 3 4 5
Time of Day

6 7 8 9 10 ii 12

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd nd nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd nd nd nd nd nd nd nd nd nd nd
44 nd nd nd nd nd nd nd nd nd nd nd nd
45 nd nd nd nd nd nd nd nd nd nd nd nd
46 nd nd nd nd nd nd nd nd nd nd nd nd
47 nd nd nd nd nd nd nd nd nd nd nd nd
48 nd nd nd nd 0.00 nd nd 0.00 nd nd nd nd
49 nd nd nd nd nd 0.00 0.00 nd nd nd nd nd
50 nd nd nd 0.00 0.00 0.00 0.00 nd nd nd nd nd
51 nd nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 nd nd nd
52 nd 0.00 0.00 0.00 0.01 0.00 0.00 nd nd nd nd nd
53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 nd nd nd nd
54 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 nd nd nd
55 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 nd nd nd
56 0.01 0.01 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.00 nd nd
57 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 nd nd
58 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 nd nd
59 0.01 0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
60 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
61 0.03 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00
62 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00
63 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.00 0.01 0.02 0.00
64 0.02 0.01 0.01 0.01 0.02 0.01 0.03 0.01 0.00 0.01 0.04 0.00
65 0.02 0.02 0.02 0.01 0.01 0.01 0.03 0.01 0.00 0.02 0.07 0.01
66 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.03 0.01 0.01 0.02 0.02
67 0.02 0.02 0.03 0.02 0.03 0.03 0.03 0.10 0.02 0.01 0.00 0.06
68 0.06 0.04 0.08 0.05 0.06 0.01 0.04 0.10 0.04 0.02 0.00 0.03
69 0.09 0.09 0.08 0.08 0.00 0.01 0.11 0.08 0.21 0.13 0.03 0.08
70 0.10 0.13 0.00 0.00 0.00 0.04 0.00 0.00 0.21 0.04 0.09 0.02
71 0.00 0.00 0.00 nd nd 0.59 nd 0.15 0.12 0.06 0.11 0.09
72 0.00 0.00 0.16 0.28 0.28 0.29 0.31 0.03 0.30 0.18 0.12 0.14
73 0.17 nd nd nd nd nd nd 0.01 0.13 0.27 0.11 0.16
74 nd nd nd nd nd nd nd nd 0.16 0.34 0.24 0.13
75 nd nd nd nd nd nd nd 0.69 0.11 0.61 0.37 0.22
76 nd nd nd nd nd nd nd nd 0.23 0.20 0.41 0.36
77 nd nd nd nd nd nd nd nd nd 0.17 0.62 0.32
78 nd nd nd nd nd nd nd nd nd 0.46 0.24 0.52
79 nd nd nd nd nd nd nd nd nd 0.82 0.25 0.30
80 nd nd nd nd nd nd nd nd nd nd 0.43 0.60
81 nd nd nd nd nd nd nd nd nd nd 0.23 0.64
82 nd nd nd nd nd nd nd nd nd nd 1.22 0.45
83 nd nd nd nd nd nd nd nd nd nd nd 0.42
84 nd nd nd nd nd nd nd nd nd nd nd nd
85 nd nd nd nd nd nd nd nd nd nd nd nd
86 nd nd nd nd nd nd nd nd nd nd nd nd
87 nd nd nd nd nd nd nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval
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Table D-15 cont. SCE Room Air Conditioner Time-Temperature Matrix

THI 13 14 15 16 17
Time of Day
18 19 20 21 22 23 24

40 nd nd nd nd nd nd nd nd nd nd nd nd
41 nd nd nd nd nd nd nd nd nd nd nd nd
42 nd nd nd nd nd nd nd nd nd nd nd nd
43 nd nd nd nd nd nd nd nd nd nd nd nd
44 nd nd nd nd nd nd nd nd nd nd nd nd
45 nd nd nd nd nd nd nd nd nd nd nd nd
46 nd nd nd nd nd nd nd nd nd nd nd nd
47 nd nd nd nd nd nd nd nd nd nd nd nd
48 nd nd nd nd nd nd nd nd nd nd nd nd
49 nd nd nd nd nd nd nd nd nd nd nd nd
50 nd nd nd nd nd nd nd nd nd nd nd nd
51 nd nd nd nd nd nd nd nd nd nd nd nd
52 nd nd nd nd nd nd nd nd nd nd nd nd
53 nd nd nd nd nd nd nd nd nd nd nd 0.00
54 nd nd nd nd nd nd nd nd nd nd 0.00 0.00
55 nd nd nd nd nd nd nd nd nd nd 0.00 0.00
56 nd nd nd nd nd nd nd nd 0.00 0.00 0.00 0.00
57 nd nd nd nd nd nd nd nd 0.00 0.00 0.00 0.00
58 nd nd nd 0.00 0.00 nd nd 0.00 0.00 0.00 0.00 0.01
59 nd nd nd nd nd nd 0.00 0.00 0.00 0.00 0.00 0.00
60 0.00 nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
61 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03
62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01
63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02
64 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.02 0.00
65 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.03 0.03 0.02 0.04
66 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.04 0.05 0.04 0.02
67 0.02 0.01 0.01 0.00 0.03 0.01 0.03 0.02 0.09 0.03 0.05 0.04
68 0.03 0.03 0.01 0.03 0.03 0.02 0.01 0.06 0.06 0.07 0.05 0.04
69 0.03 0.04 0.02 0.02 0.05 0.10 0.04 0.12 0.01 0.09 0.06 0.10
70 0.06 0.05 0.04 0.06 0.04 0.05 0.13 0.11 0.07 0.08 0.07 0.07
71 0.05 0.04 0.06 0.07 0.06 0.06 0.18 0.08 0.16 0.11 0.18 0.00
72 0.08 0.08 0.09 0.09 0.13 0.13 0.18 0.17 0.09 0.09 nd nd
73 0.21 0.13 0.16 0.14 0.13 0.21 0.26 0.09 0.00 nd 0.09 0.00
74 0.11 0.16 0.13 0.17 0.26 0.31 0.23 0.21 0.00 0.00 nd nd
75 0.34 0.19 0.24 0.21 0.31 0.38 0.22 0.16 0.29 0.18 nd nd
76 0.35 0.33 0.34 0.41 0.41 0.48 0.33 0.14 0.19 nd nd nd
77 0.31 0.52 0.40 0.43 0.53 0.62 0.15 nd nd nd nd nd
78 0.39 0.35 0.43 0.51 0.49 0.54 0.37 nd nd nd nd nd
79 0.44 0.50 0.58 0.57 0.83 0.49 nd nd nd nd nd nd
80 0.34 0.63 0.56 0.66 0.58 0.77 nd nd nd nd nd nd
81 0.66 0.34 0.71 0.67 1.23 0.46 nd nd nd nd nd nd
82 1.29 0.65 0.66 2.05 2.56 nd nd nd nd nd nd nd
83 0.56 0.72 0.72 0.92 0.88 nd nd nd nd nd nd nd
84 nd 0.92 0.90 0.90 nd nd nd nd nd nd nd nd
85 nd nd nd nd nd nd nd nd nd nd nd nd
86 nd nd nd nd nd nd nd nd nd nd nd nd
87 nd nd nd nd nd nd nd nd nd nd nd nd
88 nd nd nd nd nd nd nd nd nd nd nd nd
89 nd nd nd nd nd nd nd nd nd nd nd nd

nd - no data recorded at this time temperature interval
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Appendix E. Supporting Data Tables for Section IV

For the interested reader, this appendix reproduces intermediate data used to develop the results 
presented in Section IV. These tables contain statistical information, such as numbers of hourly 
observations, mean hourly values, standard deviations, etc., for each end use in each set of utility 
data analyzed.
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pgehour.prn Thu Apr 27 04:42:14 1989 1
Refrigerator PG&E
Summary of Average Monthly Use

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 128.2 52.1 345.0 6.66% 4.14 Winter 21.80% 0.88
2 130.2 46.3 386.3 6.77% 4.65 Spring 23.78% 0.94
3 147.7 58.2 430.9 7.68% 4.76 Summer 37.84% 1.13
4 151.2 59.9 426.0 7.86% 5.04 Fall 16.59% 0.99
5 158.7 63.5 448.7 8.25% 5.12
6 177.9 66.5 471.5 9.25% 5.93
7 183.6 66.1 503.8 9.54% 5.92
8 188.6 51.3 527.0 9.80% 6.09
9 178.0 61.8 514.6 9.25% 5.93

10 172.9 64.7 489.4 8.99% 5.58
11 146.3 56.4 432.3 7.60% 4.88
12 161.0 55.5 450.3 8.36% 5.19

Total 1924.4 702.3 5425.9 5.27 100.00%

Clothes Dryer PG&E
Summary of Average Monthly Use

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 90.3 0.0 417.8 10.13% 2.91 Winter 28.47% 1.15
2 76.2 0.0 358.0 8.55% 2.72 Spring 25.34% 1.01
3 82.9 0.0 339.9 9.30% 2.68 Summer 29.40% 0.88
4 71.6 0.0 374.5 8.02% 2.39 Fall 16.80% 1.01
5 71.5 0.0 309.4 8.01% 2.31
6 63.9 0.0 352.1 7.17% 2.13
7 64.2 0.0 390.0 7.19% 2.07
8 65.5 0.0 381.2 7.35% 2.11
9 68.5 0.0 305.0 7.68% 2.28

10 71.9 0.0 315.8 8.06% 2.32
11 77.9 0.0 340.3 8.74% 2.60
12 87.3 0.1 354.7 9.79% 2.82

=====: =======« =: = ====== =:======== = ================================:

Total 891.8 0.1 4238.6 2.44 100.00%

Water Heater PG&E
Summary of Average Monthly Use

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 427.4 0.0 1166.1 10.65% 13.79 Winter 29.68% 1.20
2 357.3 27.6 942.4 8.91% 12.76 Spring 26.27% 1.04
3 390.8 43.7 1055.0 9.74% 12.61 Summer 26.74% 0.80
4 338.6 79.2 935.2 8.44% 11.29 Fall 17.30% 1.04
5 324.6 31.6 935.9 8.09% 10.47
6 265.7 30.3 839.6 6. 62% 8.86
7 260.5 31.0 841.3 6.49% 8.40
8 257.8 35.6 784.4 6.43% 8.31
9 289.0 21.2 778.6 7.20% 9.63

10 327.2 45.3 845.4 8.16% 10.56
11 366.9 39.0 884.7 9.15% 12.23
12 406.0 42.9 999.5 10.12% 13.10

Total 4011.8 427.5 11008.3 10.99 100.00%

Cooking
Summary of Average Monthly Use

PG&E

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 36.0 1.3 159.6 9.44% 1.16 Winter 27.07% 1.10
2 30.3 1.5 146.6 7.94% 1.08 Spring 24.90% 0.99
3 34.9 0.9 149.2 9.17% 1.13 Summer 29.90% 0.89
4 30.5 2.9 145.4 8.00% 1.02 Fall 18.12% 1.08
5 29.5 1.4 156.8 7.73% 0.95
6 26.3 0.9 159.2 6.90% 0.88
7 27.6 0.8 168.0 7.25% 0.89
8 29.1 1.3 185.1 7.64% 0.94
9 30.9 0.9 171.3 8.12% 1.03

10 32.8 0.9 176.3 8.60% 1.06
11 36.3 1.7 173.1 9.52% 1.21
12 36.9 1.8 173.0 9.69% 1.19

Total 381.0 16.2 1963.7 1.04 100.00%

Stove Range and Microwave Oven 
Summary of Average Monthly Use

PG&E

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 35.4 9.2 76.6 9.62% 1.14 Winter 28.16% 1.14
2 33.4 10.4 75.2 9.08% 1.19 Spring 25.23% 1.00
3 34.9 8.4 73.4 9.46% 1.12 Summer 28.90% 0.86
4 29.0 10.4 64.4 7.89% 0.97 Fall 17.71% 1.06
5 29.0 7.9 61.0 7.87% 0. 94
6 25.3 4.5 56.1 6.86% 0.84
7 22.7 5.9 49.2 6.18% 0.73
8 28.8 7.3 61.0 7.81% 0.93
9 29.6 8.2 57.0 8.05% 0.99

10 30.8 5.4 67.2 8.36% 0.99
11 34.4 11.2 74.7 9.35% 1.15
12 34.9 8.3 87.5 9.46% 1.12

Total 368.2 97.2 803.3 1.01 100.00%

Stove and Range Top PG&E
Summary of Average Monthly Use

Month Average Average Average Monthly .Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 26.4 1.2 154.3 9.00% 0.85 Winter 25.72% 1.04
2 21.5 0.0 133.2 7.34% 0.77 Spring 24.82% 0.98
3 26.1 1.4 191.9 8.91% 0.84 Summer 31.19% 0.93
4 23.2 1.4 198.5 7.91% 0.77 Fall 18.27% 1.09
5 23.5 2.1 216.0 7.99% 0.76
6 21.7 0.1 240.7 7.39% 0.72
7 21.7 1.5 188.9 7.39% 0.70
8 23.2 1.1 208.2 7.92% 0.75
9 24.9 0.3 195.9 8.49% 0.83

10 25.8 0.1 216.1 8.78% 0.83
11 27.9 2.6 222.6 9.49% 0.93
12 27.5 1.1 251.1 9.39% 0.89

Total 293.5 12.8 2417.5 0.80 100.00%



pgehour.prn Thu Apr 27 04:42:14 1989 2
Stove Range and Oven PG&E
Summary of Average Monthly Use

m
i

Month Average Average Average Monthly .Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 41.6 0.7 183.9 9.51% 1.34 Winter 27.28% 1.11
2 35.1 1.4 172.0 8.01% 1.25 Spring 24.85% 0.99
3 40.0 0.1 147.0 9.14% 1.29 Summer 29.75% 0.89
4 35.0 3.1 140.7 8.00% 1.17 Fall 18.12% 1.08
5 33.8 0.6 154.0 7.72% 1.09
6 29.9 1.0 148.8 6.83% 1.00
7 32.1 0.0 186.0 7.34% 1.04
8 33.3 0.9 206.6 7.61% 1.08
9 34.9 0.6 185.0 7.96% 1.16

10 37.7 0.7 182.7 8.61% 1.22
11 41.6 0.2 168.5 9.51% 1.39
12 42.8 1.1 155.0 9.77% 1.38

Total 437.8 10.4 2030.3 1.20 100.00%

Stove Oven PG&E
Summary of Average Monthly Use

Month Average Average Average Monthly .Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 26.9 1.0 57.7 9.46% 0.87 Winter 27.58% 1.12
2 22.0 0.4 56.0 7.75% 0.79 Soring 24.63% 0.98
3 26.3 0.9 72.5 9.28% 0.85 Summer 29.28% 0.88
4 23.5 1.2 63.2 8.27% 0.78 Fall 18.50% 1.11
5 20.1 0.1 54.1 7.09% 0.65
6 18.5 0.4 42.8 6.52% 0.62
7 19.8 0.0 60.0 6. 96% 0.64
8 20.2 0.0 62.0 7.10% 0.65
9 24.7 0.0 77.5 8.70% 0.82

10 23.5 1.6 89.0 8.27% 0.76
11 29.1 1.5 112.1 10.23% 0.97
12 29.5 3.6 100.3 10.37% 0.95

Total 284 .1 10.7 847.1 0.78 100.00%

Miscellaneous Kitchen PG&E
Summary of Average Monthly Use

Month Average Average Average Monthly ,Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 174.0 48.0 472.4 8.48% 5.61 Winter 24 . 04% 0.98
2 154.0 48.3 404 .8 7.51% 5.50 Spring 24.44% 0.97
3 167.6 54.4 448.9 8.17% 5.41 Summer 35.18% 1.05
4 164.6 52.8 447.9 8.02% 5.49 Fall 16.33% 0. 98
5 169.2 60.8 439.6 8.25% 5.46
6 178.5 51.5 4 62.2 8.70% 5.95
7 193.8 56.8 481.6 9.45% 6.25
8 180.0 43.5 474 .5 8.77% 5.81
9 169.5 68.7 438.4 8.26% 5.65

10 172.3 62.6 466.8 8.40% 5.56
11 162.8 49.4 443.0 7. 93% 5.43
12 165.3 48.6 463.4 8.06% 5.33

Total 2051.4 645.4 5443.6 5.62 100.00%

Stove Range and Microwave Oven 
Number of Households

PG&E

Month 1985 1986 Total

1 15 19 34
2 16 17 33
3 15 17 32
4 16 20 36
5 16 19 35
6 16 19 35
7 15 18 33
8 19 18 37
9 19 19 38

10 19 19 38
11 19 19 38
12 19 19 38

Total 204 223 427

Stove and Range Top
Number of Households

Month 1985 1986 Total

1 79 84 163
2 82 76 158
3 80 84 164
4 85 85 170
5 84 85 169
6 82 84 166
7 73 86 159
8 84 77 161
9 86 86 172

10 85 78 163
11 86 86 172
12 83 83 166

Total 989 994 1983

Stove Range and Oven
Number of Households

Month 1985 1986 Total

1 175 181 356
2 185 168 353
3 188 182 370
4 186 180 366
5 186 172 358
6 178 161 339
7 155 173 328
8 175 163 338
9 179 177 356

10 183 162 345
11 182 171 353
12 179 164 343

Total 2151 2054 4205

PG&E

PG&E
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Stove Oven
Number of Households

pgehour.prn

Month 1985 1986

1 23 26
2 26 24
3 23 26
4 27 26
5 28 27
6 28 27
7 25 24
8 27 25
9 27 24

10 27 25
11 27 24
12 26 23

Total 314 301

Thu Apr 27

Total

49
50 
49 
53 
55 
55 
49 
52
51
52 
51 
49

615

04:42:14 1989

Residential Sector 
Seasonal Adjustment Factors

Winter Spring Summer Fall 
Dec-Feb Mar-May Jun-Sep Oct-Nov

Refrig 0..88 0.. 94 1.. 13 0.. 99
Cookin 1..10 0.. 99 0.. 89 1..08
Clothe 1..15 1., 01 0.,88 1., 01
Water 1.. 20 1..04 0.,80 1..04

PG&E

PG&E

3
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Refrigerator SCE
Summary of Average Monthly Use

Month Average Average Average Monthly .Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 131.4 0.0 275.4 7.77% 4.24 Winter 20.59% 0.84
2 97.5 0.0 245.8 5.76% 3.48 Spring 27.31% 1.08
3 142.7 0.0 293.0 8.44% 4.60 Summer 36.52% 1.09
4 153.4 4.1 272.1 9.07% 5.11 Fall 15.59% 0.93
5 165.7 8.2 300.3 9.80% 5.34
6 169.4 20.4 295.5 10.02% 5.65
7 143.6 0.0 329.0 8.49% 4.63
8 154.9 0.0 306.1 9.16% 5.00
9 149.6 0.0 309.2 8.85% 4.99

10 142.9 0.0 308.2 8.45% 4.61
11 120.7 0.0 296.4 7.14% 4.02
12 119.4 0.0 244.6 7.06% 3.85

Total 1691.0 32.7 3475.7 4.63

i
t/i

Range-Oven SCE
Summary of Average Monthly Use

Month Average Average Average Monthly .Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 15.9 0.0 49.3 7.05% 0.51 Winter 23.53% 0.95
2 14.1 0.0 42.4 6.25% 0.50 Spring 26.86% 1.07
3 19.0 0.3 49.1 8.39% 0.61 Summer 33.96% 1.02
4 19.5 7.7 50.3 8.63% 0.65 Fall 15.65% 0.94
5 22.3 6.1 55.7 9.85% 0.72
6 21.6 0.0 63.2 9. 55% 0.72
7 17.2 0.0 64.9 7.61% 0.55
8 20.3 0.0 67.9 8.96% 0.65
9 17.7 0.0 57.2 7.84% 0.59

10 16.1 0.0 55.8 7.11% 0.52
11 19.3 0.0 63.8 8.54% 0.64
12 23.1 0.0 57.0 10.23% 0.75

Total 226.0 14.0 67 6.6 0. 62

Clothes Dryer SCE
Summary of Average Monthly Use

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 89.9 0.0 279.5 9.74% 2. 90 Winter 25.95% 1.05
2 77.5 0.0 223.6 8.40% 2.77 Sorinq 25.65% 1.02
3 75.2 0.0 251.4 8.16% 2.43 Summer 32.27% 0.97
4 72.1 0.0 219.6 7.82% 2.40 Fall 16.13% 0.97
5 89.2 0.0 243.8 9. 67% 2.88
6 86.0 0.0 243.1 9.32% 2.87
7 71.0 0.0 304.6 7.69% 2.29
8 64.9 0.0 375.7 7.03% 2.09
9 75.8 0.0 342.2 8.22% 2.53

10 71.8 0.0 349.5 7.79% 2.32
11 76.9 0.0 327.7 8.34% 2.56
12 72.0 0.0 222.0 7.80% 2.32

Total 922.3 0.0 3382.7 2.53

Clothes Washer
Summary of Average Monthly Use

SCE

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 7.2 0.0 34.1 9.31% 0.23 Winter 24.79% 1.01
2 5.6 0.0 16.7 7.17% 0.20 Spring 25.76% 1.02
3 6.7 0.0 23.0 8.67% 0.22 Summer 33.46% 1.00
4 7.0 0.0 25.9 9.07% 0.23 Fall 15.99% 0.96
5 6.2 0.0 22.9 8.01% 0.20
6 7.1 0.0 22.8 9.10% 0.24
7 5.7 0.0 17.7 7.35% 0.18
8 6.4 0.0 23.4 8.26% 0.21
9 6.8 0.0 20.4 8.75% 0.23

10 6.1 0.0 19.5 7.83% 0.20
11 6.3 0.0 16.9 8.15% 0.21
12 6.5 0.0 38.0 8.32% 0.21

Total 77.6 0.0 281.2 0.21

Freezer SCE
Summary of Average Monthly Use

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 103.2 0.0 188.2 8.28% 3.33 Winter 22.62% 0.92
2 84.4 0.0 169.9 6.77% 3.01 Spring 23.39% 0.93
3 91.4 0.0 193.1 7.33% 2.95 Summer 36.44% 1.09
4 94.0 0.0 199.3 7.54% 3.13 Fall 17.55% 1.05
5 106.4 18.4 226.3 8.53% 3.43
6 107.9 0.0 224.2 8.66% 3.60
7 122.0 0.0 235.2 9.79% 3.94
8 122.5 0.0 237.7 9.83% 3.95
9 101.9 0.0 214.5 8.17% 3.40

10 122.6 2.0 221.9 9.83% 3.96
11 96.2 0.0 205.5 7.71% 3.21
12 94.4 0.0 222.9 7.57% 3.05

Total 1246.9 20.4 2538.6 3.42

Dishwasher SCE
Summary of Average Monthly Use

Month Average Average Average Monthly .Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 7.8 0.0 27.0 9.54% 0.25 Winter 28.19% 1.14
2 6.1 0.0 24.5 7. 53% 0.22 Spring 25.08% 1.00
3 7.2 0.0 27.3 8.87% 0.23 Summer 27.51% 0.82
4 6.7 0.0 25.9 8.18% 0.22 Fall 19.22% 1.15
5 6.5 0.0 26.3 8.03% 0.21
6 6.6 0.0 25.0 8.07% 0.22
7 4.3 0.0 25.6 5.27% 0.14
8 5.2 0.0 28.9 6.40% 0.17
9 6.3 0.0 24.6 7.78% 0.21

10 6.5 0.0 26.5 7.99% 0.21
11 9.1 0.0 30.9 11.23% 0.30
12 9.0 0.0 26.9 11.12% 0.29

Total 81.4 0.0 319.4 0.22
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Gas Clothes Dryer SCE
Summary of Average Monthly Use

Month Average Average Average Monthly ,Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 17.5 5.6 28.7 10.98% 0.56 Winter 25.79% 1.05
2 11.2 4.3 22.8 7.0 6% 0.40 Sprina 29.09% 1.15
3 16.6 8.1 23.4 10.42% 0.53 Summer 30.03% 0.90
4 16. 9 4.9 28.6 10.60% 0.56 Fall 15.09% 0.90
5 12.8 3.2 29.9 8.08% 0.41
6 14.1 3.1 27.8 8.87% 0.47
7 10.7 0.0 29.7 6.72% 0.34
8 11.7 0.0 30.5 7.38% 0.38
9 11.2 0.0 28.4 7.06% 0.37

10 12.8 0.0 32.3 8.03% 0.41
11 11.2 0.0 34.6 7.05% 0.37
12 12.3 0.0 38.2 7.75% 0.40

Total 159.0 29.3 355.0 0.44

Microwave Oven SCE
Summary of Average Monthly Use

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 7.2 0.0 18.5 9.25% 0.23 Winter 26.95% 1.09
2 6.4 0.0 17.1 8.18% 0.23 Spring 25.65% 1.02
3 6.4 0.0 19.8 8.17% 0.21 Summer 31.03% 0.93
4 6.3 0.0 20.2 8.07% 0.21 Fall 16.37% 0.98
5 7.4 0.0 29.4 9.41% 0.24
6 6.0 0.0 21.2 7.64% 0.20
7 6.2 0.0 18.4 7.91% 0.20
8 5.7 0.0 23.9 7.22% 0.18
9 6.5 0.0 21.5 8.26% 0.22

10 6.9 0.0 21.8 8.84% 0.22
11 5.9 0.0 20.5 7.53% 0.20
12 7.5 0.0 24.1 9.52% 0.24

Total 78.3 0.0 256.3 0.21

Television Set SCE
Summary of Average Monthly Use

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 24.4 5.8 42.2 11.32% 0.79 Winter 27.35% 1.11
2 19.6 5.5 31.0 9.10% 0.70 Spring 32.52% 1.29
3 24.3 8.4 37.0 11.31% 0.78 Summer 26.56% 0.79
4 25.2 16.0 37.6 11.72% 0.84 Fall 13.57% 0.81
5 20.4 0.0 39.0 9.49% 0.66
6 18.9 0.2 39.5 8.78% 0.63
7 12.8 0.0 37.4 5.94% 0.41
8 14.2 0.0 38.6 6.62% 0.46
9 11.2 0.0 34.4 5.23% 0.37

10 14.5 0.0 40.5 6.72% 0.47
11 14.7 0.0 44.4 6.85% 0.49
12 14.9 0.0 38.8 6.93% 0.48

Total 215.1 35.9 4 60.4 0.59

Pool Pump
Summary of Average Monthly Use

SCE

Month Average Average Average Monthly Average CEC Seasonal Adjust
Monthly Minimum Maximum Fraction Daily Season Fraction Factor

1 44.5 0.0 129.3 11.08% 1.43 Winter 26.23% 1.06
2 23.4 0.0 112.9 5.82% 0.83 Sprina 23.80% 0.94
3 27.1 0.0 103.3 6.74% 0.87 Summer 27.80% 0.83
4 33.6 0.0 100.7 8.36% 1.12 Fall 22.16% 1.33
5 34.9 0.0 104.7 8.69% 1.13
6 34.3 0.0 102.8 8.54% 1.14
7 36.6 0.0 109.8 9.11% 1.18
8 24.0 0.0 96.1 5.98% 0.78
9 16.7 0.0 67.0 4.17% 0.56

10 52.5 0.0 167.6 13.06% 1.69
11 36.5 0.0 132.8 9.10% 1.22
12 37.5 0.0 161.4 9.34% 1.21

Total 401.6 0.0 1388.5 1.10

Residential Sector 
Seasonal Adjustment Factors

Winter Spring Summer Fall 
Dec-Feb Mar-May Jun-Sep Oct-Nov

Refrig 0..84 1,.08 1., 09 0..93
Televi 1., 11 1..29 0.,79 0..81
Cookin 0., 95 1..07 1.. 02 0..94
Freeze 0., 92 0.. 93 1.,09 1..05
Clothe 1.,05 1..02 0.. 97 0..97
Dishwa 1., 14 1..00 0., 82 1..15
Clothe 1..01 1..02 1.,00 0..96
Pool P 1., 06 0.. 94 0., 83 1.,33



Thu Apr 27 04:29:13 1989 1pgerefhr.prn
Refrigerators Winter PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 2617 0.168 0.130 0.000 0.80 439.7 0.017 3.68%
2 2617 0.160 0.124 0.000 0.81 419.9 0.015 3.51%
3 2617 0.159 0.124 0.000 0.81 415.8 0.015 3.48%
4 2617 0.154 0.119 0.000 0.81 402.1 0.014 3.36%
5 2617 0.155 0.120 0.000 0.80 404.5 0.014 3.38%
6 2617 0.164 0.120 0.000 0.78 428 .6 0.014 3.59%
7 2617 0.173 0.126 0.000 0.82 451.7 0.016 3.78%
8 2617 0.186 0.133 0.000 1.03 487.6 0.018 4.08%
9 2617 0.192 0.139 0.000 1.50 501.2 0.019 4.19%

10 2617 0.188 0.141 0.000 0.81 492.1 0.020 4.12%
11 2617 0.183 0.138 0.000 1.09 478.0 0.019 4.00%
12 2617 0.193 0.136 0.000 0.80 506.1 0.019 4.24%
13 2617 0.194 0.138 0.000 0.81 507.3 0.019 4.25%
14 2617 0.191 0.140 0.000 1.17 500.4 0.019 4.19%
15 2617 0.197 0.141 0.000 0.99 514.8 0.020 4.31%
16 2617 0.201 0.143 0.000 1.28 525.0 0.020 4.39%
17 2617 0.214 0.148 0.000 1.09 560.5 0.022 4.69%
18 2617 0.233 0.166 0.000 1.13 610.2 0.028 5.11%
19 2617 0.231 0.166 0.000 1.04 605.1 0.028 5.06%
20 2617 0.224 0.164 0.000 1.08 585.4 0.027 4.90%
21 2617 0.221 0.160 0.000 1.11 577.7 0.026 4.83%
22 2617 0.213 0.152 0.000 1.00 558.2 0.023 4.67%
23 2617 0.193 0.141 0.000 1.01 505.7 0.020 4.23%
24 2617 0.180 0.131 0.000 0.78 472.0 0.017 3.95%

Total 2617 4.566 2.917 0.005 18.18 11949.1 8.508 100.00%

Refrigerators Spring PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 3082 0.181 0.127 0.000 0.76 557.1 0.016 3.75%
2 3082 0.173 0.122 0.000 0.75 532.4 0.015 3.59%
3 3082 0.171 0.121 0.000 0.76 528.1 0.015 3.56%
4 3082 0.167 0.115 0.000 0.82 514.8 0.013 3.47%
5 3082 0.165 0.116 0.000 1.08 508.1 0.013 3.42%
6 3082 0.178 0.121 0.000 0.75 548.3 0.015 3.69%
7 3082 0.182 0.125 0.000 0.80 561.4 0.016 3.78%
8 3082 0.198 0.129 0.000 0.94 610.8 0.017 4.12%
9 3082 0.194 0.131 0.000 0.80 599.0 0.017 4.04%

10 3082 0.193 0.134 0.000 0.82 595.1 0.018 4.01%
11 3082 0.193 0.137 0.000 1.03 596.1 0.019 4.02%
12 3082 0.201 0.135 0.000 0.85 618. 9 0.018 4.17%
13 3082 0.200 0.135 0.000 0.78 615.3 0.018 4 .15%
14 3082 0.201 0.138 0.000 0.90 620.0 0.019 4.18%
15 3082 0.207 0.140 0.000 0.77 639.3 0.020 4.31%
16 3082 0.218 0.142 0.000 0.77 672.3 0.020 4.53%
17 3082 0.226 0.149 0.000 1.02 695. 9 0.022 4.69%
18 3082 0.235 0.151 0.000 1.09 725. 6 0.023 4 .89%
19 3082 0.237 0.151 0.000 1.43 731.5 0.023 4.93%
20 3082 0.232 0.149 0.000 1.31 714.4 0.022 4.81%
21 3082 0.232 0.152 0.000 1.21 715.0 0.023 4.82%
22 3082 0.223 0.145 0.000 0.99 686.4 0.021 4.62%
23 3082 0.212 0.142 0.000 0.98 653.5 0.020 4.40%
24 3082 0.196 0.134 0.000 0.79 604.4 0.018 4.07%

2.897 0.000 17.27 14843.2 8.390 100.00%Total 3082 4.816

Refrigerators Summer PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 4123 0.225 0.166 0.000 1.13 926.1 0.028 3.94%
2 4123 0.212 0.160 0.000 1.25 872.6 0.026 3.71%
3 4123 0.204 0.155 0.000 1.19 841.7 0.024 3.58%
4 4123 0.207 0.151 0.000 1.28 853.4 0.023 3.63%
5 4123 0.199 0.149 0.000 1.09 821.9 0.022 3.50%
6 4123 0.205 0.151 0.000 1.12 845.5 0.023 3.60%
7 4123 0.215 0.156 0.000 1.19 888.3 0.024 3.78%
8 4123 0.220 0.154 0.000 1.08 909.1 0.024 3.87%
9 4123 0.224 0.162 0.000 1.20 925.2 0.026 3.94%

10 4123 0.229 0.162 0.000 1.36 943.5 0.026 4.02%
11 4123 0.228 0.159 0.000 1.24 938.8 0.025 4.00%
12 4123 0.237 0.158 0.000 1.33 976.4 0.025 4.16%
13 4123 0.240 0.156 0.000 1.44 988.9 0.024 4.21%
14 4123 0.240 0.160 0.000 1.24 988.8 0.026 4.21%
15 4123 0.245 0.168 0.000 1.31 1011.6 0.028 4.31%
16 4123 0.257 0.170 0.000 1.36 1058.0 0.029 4.50%
17 4123 0.262 0.171 0.000 1.38 1080.8 0.029 4.60%
18 4123 0.272 0.175 0.000 1.28 1122.4 0.031 4.78%
19 4123 0.276 0.179 0.000 1.42 1137.8 0.032 4.84%
20 4123 0.272 0.174 0.000 1.28 1122.2 0.030 ' 4.78%
21 4123 0.269 0.181 0.000 1.53 1111.0 0.033 4.73%
22 4123 0.269 0.182 0.000 1.31 1107.8 0.033 4.72%
23 4123 0.253 0.177 0.000 1.31 1041.6 0.031 4.43%
24 4123 0.237 0.171 0.000 1.25 978.2 0.029 4.16%

Total 4123 5.698 3.583 0.000 23.50 23490.9 12.837 100.00%

Refrigerators Fall PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 2073 0.188 0.151 0.000 1.30 389.3 0.023 3.7 6%
2 2073 0.182 0.149 0.000 1.13 376.8 0.022 3.64%
3 2073 0.179 0.143 0.000 1.14 370.9 0.020 3.5 9%
4 2073 0.172 0.134 0.000 1.09 356.8 0.018 3.45%
5 2073 0.175 0.133 0.000 0. 94 362.5 0.018 3.50%
6 2073 0.181 0.135 0.000 1.08 376.2 0.018 3.64%
7 2073 0.197 0.141 0.000 0.90 408.0 0.020 3.94%
8 2073 0.205 0.141 0.000 1.01 425.7 0.020 4.12%
9 2073 0.205 0.147 0.000 1.15 424.1 0.022 4.10%

10 2073 0.203 0.153 0.000 1.12 421.7 0.023 4.08%
11 2073 0.201 0.154 0.000 1.15 416.0 0.024 4.02%
12 2073 0.205 0.149 0.000 1.23 425.1 0.022 4.11%
13 2073 0.209 0.152 0.000 1.21 433.3 0.023 4.19%
14 2073 0.213 0.155 0.000 1.25 441.6 0.024 4.27%
15 2073 0.216 0.152 0.000 1.01 447.7 0.023 4.33%
16 2073 0.222 0.150 0.000 1.09 460.6 0.022 4.45%
17 2073 0.231 0.158 0.000 1.10 478.6 0.025 4.63%
18 2073 0.243 0.166 0.000 1.24 503.4 0.027 4.87%
19 2073 0.247 0.167 0.000 1.31 511.4 0.028 4.94%
20 2073 0.240 0.169 0.000 1.21 497.6 0.028 4.81%
21 2073 0.234 0.164 0.000 1.44 485.2 0.027 4.69%
22 2073 0.229 0.161 0.000 1.32 475.7 0.026 4.60%
23 2073 0.215 0.156 0.000 1.03 446.3 0.024 4.31%
24 2073 0.198 0.149 0.000 0.98 410.1 0.022 3.96%

3.243 1.357 21.87 10344.3 10.516 100.00%Total 2073 4.990
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Water Heaters Winter PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 9348 0.158 0.374 0.000 4.80 1476.7 0.140 1.17%
2 9348 0.123 0.289 0.000 4.56 1149.3 0.084 0.91%
3 9348 0.128 0.320 0.000 4.21 1192.4 0.102 0.95%
4 9348 0.186 0.465 0.000 4.37 1739.9 0.216 1.38%
5 9348 0.370 0.707 0.000 4.79 3457.0 0.500 2.74%
6 9348 0.668 1.119 0.000 5.61 6248.1 1.252 4.96%
7 9348 0.969 1.323 0.000 5.47 9056.1 1.750 7.18%
8 9348 1.077 1.317 0.000 5.54 10070.0 1.735 7.99%
9 9348 0.942 1.202 0.000 5.40 8806.9 1.445 6.99%

10 9348 0.790 1.133 0.000 5.50 7386.0 1.285 5.86%
11 9348 0.641 1.030 0.000 5.49 5987.9 1.062 4.75%
12 9348 0.553 0.925 0.000 5.47 5174.0 0.856 4.10%
13 9348 0.512 0.887 0.000 5.15 4790.6 0.786 3.80%
14 9348 0.482 0.828 0.000 5.09 4506.8 0.686 3.57%
15 9348 0.441 0.810 0.000 4.98 4125.7 0.656 3.27%
16 9348 0.516 0.902 0.000 5.40 4826.2 0.814 3.83%
17 9348 0.686 1.008 0.000 5.36 6413.3 1.017 5.09%
18 9348 0.828 1.042 0.000 5.28 7738.0 1.086 6.14%
19 9348 0.952 1.201 0.000 5.29 8900.1 1.442 7.06%
20 9348 0.817 1.131 0.000 5.24 7632.8 1.279 6.05%
21 9348 0.582 0.939 0.000 4.80 5437.4 0.881 4.31%
22 9348 0.464 0.839 0.000 4.80 4338.0 0.705 3.44%
23 9348 0.365 0.724 0.000 4.79 3409.3 0.525 2.70%
24 9348 0.238 0.493 0.000 4.40 2225.3 0.243 1.76%

Total 9348 13.487 8.337 0.000 54.29 126081.1 69.507 100.01%

Water Heaters Spring PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 11021 0.126 0.302 0.000 5.10 1385.9 0.091 1.10%
2 11021 0.102 0.250 0.000 4.01 1125.7 0.062 0.89%
3 11021 0.099 0.242 0.000 4.72 1085.6 0.059 0.86%
4 11021 0.159 0.407 0.000 4.23 1750.8 0.166 1.39%
5 11021 0.354 0.725 0.000 5.11 3901.8 0.526 3.09%
6 11021 0.677 1.074 0.000 5.64 7460.2 1 .154 5.92%
7 11021 0. 937 1.252 0.000 5.45 10326.9 1.567 8.19%
8 11021 0.978 1.239 0.000 5.42 10778.6 1.535 8.55%
9 11021 0.839 1.138 0.000 5.27 9246.7 1.295 7.33%

10 11021 0.658 1.036 0.000 5.16 7255.3 1.073 5.75%
11 11021 0.518 0.913 0.000 5.35 5712.5 0.833 4.53%
12 11021 0.427 0.785 0.000 5.12 4707.8 0.616 3.73%
13 11021 0.369 0.705 0.000 4.94 4067.5 0.497 3.23%
14 11021 0.350 0.661 0.000 4.62 3858.9 0.437 3.06%
15 11021 0.341 0.700 0.000 5.06 3757.6 0.490 2.98%
16 11021 0.429 0.805 0.000 5.16 4726.4 0.648 3.75%
17 11021 0.574 0.895 0.000 5.14 6323.1 0.801 5.02%
18 11021 0.664 0.895 0.000 5.15 7317.7 0.800 5.80%
19 11021 0.743 1.009 0.000 5.48 8189.4 1.017 6.50%
20 11021 0. 672 0.966 0.000 5.21 7410.0 0.933 5.88%
21 11021 0.518 0.861 0.000 5.17 5712.0 0.741 4.53%
22 11021 0.410 0.796 0.000 4.90 4515.0 0.634 3.58%
23 11021 0.311 0.640 0.000 4.76 3424.5 0.410 2.72%
24 11021 0.185 0.404 0.000 3.70 2038.5 0.163 1 . 62%

Total 11021 11.439 7.404 0.000 54.34 126072.4 54.825 100.00%

Water Heaters S umme r PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 13042 0.108 0.280 0.000 4.12 1411.3 0.078 1.22%
2 13042 0.089 0.229 0.000 3.41 1162.3 0.052 1.00%
3 13042 0.089 0.237 0.000 3.68 1164.2 0.056 1.00%
4 13042 0.145 0.417 0.000 4.32 1896.2 0.174 1.63%
5 13042 0.274 0.564 0.000 4.57 3579.9 0.319 3.08%
6 13042 0.448 0.809 0.000 5.30 5836.6 0.654 5.03%
7 13042 0.622 0.932 0.000 5.37 8107.7 0.869 6.98%
8 13042 0.666 0.943 0.000 5.39 8679.5 0.889 7.48%
9 13042 0.658 0.956 0.000 5.05 8584.9 0.914 7.39%

10 13042 0.552 0.891 0.000 5.36 7200.8 0.795 6.20%
11 13042 0.428 0.772 0.000 4.81 5577.8 0.596 4.80%
12 13042 0.379 0.704 0.000 5.14 4945.9 0.496 4.26%
13 13042 0.342 0.661 0.000 5.36 4457.6 0.438 3.84%
14 13042 0.333 0.666 0.000 5.00 4339.9 0.444 3.74%
15 13042 0.288 0.629 0.000 5.00 3753.2 0.396 3.23%
16 13042 0.320 0.630 0.000 4.65 4177.8 0.396 3.60%
17 13042 0.498 0.823 0.000 4.85 6499.5 0.678 5.60%
18 13042 0.498 0.740 0.000 5.13 6497.7 0.547 5.60%
19 13042 0.505 0.769 0.000 5.08 6591.4 0.591 5.68%
20 13042 0.468 0.767 0.000 5.23 6103.3 0.588 5.2 6%
21 13042 0.436 0.738 0.000 5.08 5690.1 0.545 4.90%
22 13042 0.361 0.697 0.000 4.81 4710.8 0.485 4.06%
23 13042 0.240 0.517 0.000 4.54 3124.6 0.267 2.69%
24 13042 0.154 0.344 0.000 3.48 2008.8 0.118 1.73%

Total 13042 8.902 6.040 0.000 45.81 116097.2 36.478 100.00%

Water Heaters Fall PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 6636 0.132 0.311 0.000 3.94 878.8 0.097 1.15%
2 6636 0.118 0.289 0.000 4.30 780.8 0.084 1.02%
3 6636 0.129 0.334 0.000 4.45 856.5 0.112 1.12%
4 6636 0.197 0.479 0.000 4.20 1308.4 0.230 1.71%
5 6636 0.352 0.702 0.000 4.73 2337.3 0.493 3.05%
6 6636 0.584 0.963 0.000 5.45 3874.5 0.927 5.05%
7 6636 0.883 1.190 0.000 5.51 5861.8 1.415 7.64%
8 6636 0.941 1.156 0.000 5.48 6243.0 1.337 8.14%
9 6636 0.843 1.077 0.000 5.01 5597.2 1.159 7.30%

10 6636 0.652 0.984 0.000 4.86 4328.7 0.968 5.64%
11 6636 0.510 0.868 0.000 5.30 3385.9 0.754 4.41%
12 6636 0.452 0.781 0.000 4.94 2998.9 0.611 3.91%
13 6636 0.421 0.765 0.000 4.67 2795.7 0.585 3.64%
14 6636 0.420 0.749 0.000 4.85 2788.8 0.561 3.64%
15 6636 0.349 0.669 0.000 4.66 2315.9 0.448 3.02%
16 6636 0.415 0.761 0.000 5.42 2752.1 0.578 3.5 9%
17 6636 0.608 0.884 0.000 5.26 4031.9 0.782 5.26%
18 6636 0.716 0.920 0.000 5.18 4748.9 0.846 6.19%
19 6636 0.761 1.002 0.000 5.27 5048.0 1.005 6.58%
20 6636 0.685 0.992 0.000 5.36 4548.2 0.985 5.93%
21 6636 0.491 0.815 0.000 5.38 3260.0 0.665 4.25%
22 6636 0.405 0.721 0.000 4.58 2690.5 0.519 3.51%
23 6636 0.299 0.583 0.000 4.37 1986.2 0.340 2.59%
24 6636 0.195 0.410 0.000 4.34 1295.0 0.168 1.69%

6.888 0.000 47.78 76709.5 47.447 100.00%Total 6636 11.560
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Clothes Dryers Winter PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 51136 0.014 0.169 0.000 4.71 740.0 0.029 0.51%
2 51136 0.008 0.119 0.000 4.98 402.4 0.014 0.28%
3 51136 0.005 0.091 0.000 5.02 256.6 0.008 0.18%
4 51136 0.004 0.065 0.000 3.10 187.3 0.004 0.13%
5 51136 0.006 0.088 0.000 3.90 305.3 0.008 0.21%
6 51136 0.020 0.186 0.000 4.67 1035.8 0.035 0.71%
7 51136 0.051 0.300 0.000 4.56 2629.8 0.090 1.80%
8 51136 0.092 0.418 0.000 4.96 4713.4 0.175 3.23%
9 51136 0.158 0.573 0.000 5.04 8079.2 0.328 5.54%

10 51136 0.208 0.665 0.000 5.11 10616.3 0.442 7.28%
11 51136 0.241 0.721 0.000 5.27 12319.0 0.520 8.45%
12 51136 0.242 0.724 0.000 5.70 12371.9 0.524 8.48%
13 51136 0.225 0.699 0.000 5.43 11508.3 0.488 7.89%
14 51136 0.202 0.659 0.000 5.56 10319.5 0.435 7.07%
15 51136 0.186 0.632 0.000 5.44 9513.8 0.400 6.52%
16 51136 0.185 0.627 0.000 5.26 9443.4 0.393 6.47%
17 51136 0.182 0.614 0.000 5.23 9300.9 0.377 6.38%
18 51136 0.172 0.599 0.000 5.44 8805.9 0.359 6.04%
19 51136 0.155 0.573 0.000 5.54 7945.1 0.328 5.45%
20 51136 0.147 0.565 0.000 5.39 7542.6 0.319 5.17%
21 51136 0.137 0.550 0.000 5.27 6987.4 0.302 4.79%
22 51136 0.110 0.492 0.000 5.16 5604.0 0.242 3.84%
23 51136 0.069 0.384 0.000 5.26 3541.1 0.148 2.43%
24 51136 0.033 0.216 0.000 4.75 1698.5 0.047 1.16%

Total 51136 2.852 4.350 0.000 53.99 145862.8 18.925 100.00%

Clothes Dryers Spring PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 58611 0.011 0.141 0.000 5.43 647.1 0.020 0.45%
2 58611 0.007 0.106 0.000 4.38 391.6 0.011 0.27%
3 58611 0.004 0.068 0.000 4.21 218.5 0.005 0.15%
4 58611 0.003 0.048 0.000 2.87 157.6 0.002 0.11%
5 58611 0.005 0.076 0.000 4.38 277.6 0.006 0.19%
6 58611 0.024 0.192 0.000 4.29 1394.4 0.037 0.97%
7 58611 0.065 0.334 0.000 4 . 92 3791.0 0.112 2.64%
8 58611 0.103 0.437 0.000 4 . 54 6061.4 0.191 4.22%
9 58611 0.153 0.551 0.000 5.14 8984.1 0.303 6.26%

10 58611 0.189 0.619 0.000 5.27 11088.3 0.383 7.72%
11 58611 0.203 0.643 0.000 5.49 11926.6 0.413 8.30%
12 58611 0.197 0.638 0.000 5.45 11557.5 0.407 8.05%
13 58611 0.175 0.598 0.000 5.33 10252.2 0.358 7.14%
14 58611 0.154 0.559 0.000 5.26 8999.0 0.312 6.27%
15 58611 0.143 0.536 0.000 5.38 8402.7 0.287 5.85%
16 58611 0.143 0.529 0.000 5.36 8359.7 0.280 5.82%
17 58611 0.140 0.519 0.000 5.46 8222.5 0.270 5.73%
18 58611 0.140 0.524 0.000 5.04 8229.3 0.274 5.73%
19 58611 0.134 0.517 0.000 5.31 7865.8 0.267 5.48%
20 58611 0.132 0.514 0.000 5.35 7718.2 0.264 5.37%
21 58611 0.131 0.523 0.000 5.29 7702.8 0.273 5.36%
22 58611 0.105 0.469 0.000 5.10 6139.8 0.220 4.28%
23 58611 0.062 0.349 0.000 5.03 3618.5 0.122 2.52%
24 58611 0.028 0.190 0.000 4.63 1612.6 0.036 1.12%

Total 58611 2.450 3.809 0.000 38.06 143614.5 14.508 100.00%

Clothes Dryers Summer PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 68595 0.013 0.144 0.000 4.03 862.5 0.021 0.58%
2 68595 0.006 0.094 0.000 4.28 442.7 0.009 0.30%
3 68595 0.004 0.069 0.000 4.07 297.7 0.005 0.20%
4 68595 0.003 0.059 0.000 4.29 238.7 0.003 0.16%
5 68595 0.005 0.075 0.000 4.14 369.8 0.006 0.25%
6 68595 0.016 0.149 0.000 5.22 1101.1 0.022 0.74%
7 68595 0.046 0.273 0.000 5.00 3178.2 0.075 2.13%
8 68595 0.085 0.386 0.000 5.10 5838.0 0.149 3.91%
9 68595 0.132 0.4 95 0.000 5.08 9060.7 0.245 6.07%

10 68595 0.169 0.561 0.000 5.06 11572.8 0.314 7.7 6%
11 68595 0.189 0.598 0.000 5.19 12971.4 0.358 8.69%
12 68595 0.183 0.590 0.000 5.00 12537.1 0.348 8.40%
13 68595 0.164 0.558 0.000 5.40 11245.6 0.311 7.54%
14 68595 0.138 0.509 0.000 5.21 9455.2 0.259 6.34%
15 68595 0.123 0.475 0.000 4.94 8459.8 0.225 5.67%
16 68595 0.118 0.461 0.000 5.18 8123.5 0.213 5.44%
17 68595 0.118 0.457 0.000 4.91 8119.0 0.209 5.44%
18 68595 0.120 0.461 0.000 5.22 8207.4 0.213 5.50%
19 68595 0.115 0.454 0.000 5.09 7861.8 0.206 5.27%
20 68595 0.115 0.461 0.000 5.17 7854.5 0.212 5.2 6%
21 68595 0.116 0.467 0.000 5.21 7924.6 0.218 5.31%
22 68595 0.101 0.442 0.000 5.17 6951.5 0.196 4.66%
23 68595 0.066 0.356 0.000 5.14 4509.4 0.126 3.02%
24 68595 0.030 0.192 0.000 3.80 2037.2 0.037 1.37%

Total 68595 2.175 3.445 0.000 36.07 149215.9 11.869 100.00%

Clothes Dryers Fall PGE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 37140 0.012 0.144 0.000 4.90 429.0 0.021 0.47%
2 37140 0.006 0.101 0.000 3.77 227.4 0.010 0.25%
3 37140 0.004 0.073 0.000 3.14 151.7 0.005 0.16%
4 37140 0.003 0.061 0.000 3.94 123.0 0.004 0.13%
5 37140 0.008 0.103 0.000 3.85 278.9 0.011 0.30%
6 37140 0.020 0.177 0.000 4.65 724.3 0.031 0.79%
7 37140 0.058 0.314 0.000 5.51 2147.3 0.099 2.33%
8 37140 0.097 0.423 0.000 4.71 3609.4 0.179 3.92%
9 37140 0.151 0.552 0.000 5.03 5625.2 0.304 6.11%

10 37140 0.189 0.623 0.000 5.25 7034.1 0.388 7.64%
11 37140 0.205 0.649 0.000 5.53 7611.8 0.421 8.27%
12 37140 0.207 0.658 0.000 5.06 7682.4 0.433 8.35%
13 37140 0.182 0.612 0.000 5.33 6758.5 0.375 7.34%
14 37140 0.165 0.577 0.000 5.55 6126.7 0.333 6.66%
15 37140 0.151 0.545 0.000 5.37 5611.8 0.297 6.10%
16 37140 0.152 0.544 0.000 4.56 5654.5 0.296 6.14%
17 37140 0.150 0.536 0.000 5.13 5570.9 0.287 6.05%
18 37140 0.144 0.525 0.000 4.98 5339.3 0.276 5.80%
19 37140 0.139 0.526 0.000 5.44 5170.7 0.276 5.62%
20 37140 0.130 0.512 0.000 5. 63 4816.1 0.262 5.23%
21 37140 0.123 0.504 0.000 5.13 4553.2 0.254 4.95%
22 37140 0.095 0.448 0.000 5.33 3524.9 0.200 3.83%
23 37140 0.058 0.348 0.000 5.14 2168.7 0.121 2.36%
24 37140 0.030 0.202 0.000 3.27 1122.6 0.041 1.22%

Total 37140 2.479 3.875 0.000 41.68 92059.6 15.013 100.00%
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Cooking Winter

Hour Load 
Shape

Variance Standard 
Deviation

1 0,. 23% 1.. 75E-•08 0 .013%
2 0,.17% 8,. 42E-■09 0,.009%
3 0..17% 1,. 23E-■08 0 .011%
4 0..26% 2., 57E-■08 0,.016%
5 0..66% 1,. 29E-■07 0,.036%
6 1,.97% 3,. 04E-■07 0 .055%
7 3,.52% 3,. 69E-■07 0 .061%
8 4..33% 4 ,. 51E--07 0 .067%
9 4 ..27% 5,. 30E-■07 0 .073%

10 4 ,.17% 5,. 8 6E-■07 0 .077%
11 4..24% 6,. 94E-■07 0 .083%
12 5..49% 8.. 07E-■07 0 .090%
13 4 ..75% 7.. 60E-■07 0,.087%
14 4,.17% 7.. 34E-■07 0,.086%
15 4..43% 7.. 35E-■07 0,.086%
16 6,.99% 1,. 23E-■06 0 .111%
17 13,.16% 2,. 18E-■06 0..148%
18 17..59% 2.. 87E-■06 0,.169%
19 9..71% 1 ,. 62E-■06 0,.127%
20 4..63% 7.. 4 7E-■07 0,.086%
21 2..59% 3.. 94E-■07 0,.063%
22 1..50% 1., 99E-■07 0..045%
23 0..68% 7.. 3 9E-■08 0..027%
24 0..34% 2 .. 18E-■08 0,.015%

Total 100..00%

Cooking Spring

Hour Load Variance Standard
Shape Deviation

1 0..19% 1., 38E-■08 0..012%
2 0.,14% 9., 3 9E-■09 0..010%
3 0..14% 8 ., 12E- 09 0..009%
4 0.,30% 5., 4 3E- 08 0..023%
5 0.,82% 1., 20E- 07 0..035%
6 2.,62% 2., 83E- 07 0..053%
7 4 .,40% 3., 93E- 07 0.,063%
8 4 .,72% 3. 89E- 07 0..062%
9 4 ..07% 3., 93E-■07 0..063%

10 3..68% 4., 3 8E- 07 0..066%
11 3.,81% 4., 91E- 07 0.,070%
12 4 ..95% 5., 60E- 07 0.,075%
13 4 .,13% 4., 8 6E- 07 0,,070%
14 3.,41% 4 ., 31E- 07 0.,066%
15 3.,84% 4 ., 88E- 07 0..070%
16 6.,54% 9..07E- 07 0.,095%
17 12,.30% 1., 63E- 06 0..128%
18 17..87% 2., 4 2E- 06 0..156%
19 11..42% 1.. 51E- 06 0.,123%
20 5..45% 6.. 8 IE- 07 0.,083%
21 2.,81% 3., 4 IE- 07 0.,058%
22 1.,43% 1., 5 9E- 07 0.,040%
23 0..65% 6..08E- 08 0.,025%
24 0.,28% 1., 37E- 08 0.,012%

Total 100.00%

Cooking Summer

Hour Load Variance Standard 
Shape Deviation

1 0,.23% 1,. 08E--08 0 .010%
2 0,.17% 6,. 77E--09 0,.008%
3 0,.15% 5,. 03E--09 0,.007%
4 0,.32% 4,. 8 9E--08 0,.022%
5 0,.80% 9,. 14E--08 0,.030%
6 2,.25% 2,. 27E--07 0,.048%
7 3..54% 2,, 78E--07 0..053%
8 4,.34% 2,.82E--07 0,.053%
9 4,.64% 3,. 90E--07 0,.062%

10 4,.31% 4 .■ 16E--07 0,.064%
11 4,.25% 4.. 60E--07 0,.068%
12 5..27% 5.. 03E--07 0,.071%
13 4..58% 4.. 5 6E*-07 0..068%
14 3..69% 4 .. 12E--07 0..064%
15 4 ..03% 4 .. 4 6E--07 0..067%
16 5.. 93% 6.. 3 2E--07 0,.079%
17 11..10% 1.. 1 6E--06 0,.108%
18 16..53% 1.. 77E--06 0..133%
19 11.,34% 1.. 2 0E--06 0..109%
20 6.,04% 6., 10E--07 0..078%
21 3.,48% 3., 66E--07 0.,060%
22 1.,79% 1., 66E--07 0.,041%
23 0.,83% 6., 81E--08 0.,026%
24 0.,37% 1., 60E--08 0..013%

Total 100.00%

Cooking Fall

Hour Load
Shape

Variance Standard
Deviation

1 0.25% 3.08E-08 0.018%
2 0.20% 2.50E-08 0.016%
3 0.19% 1.56E-08 0.012%
4 0.23% 2.47E-08 0.016%
5 0.74% 1.65E-07 0.041%
6 2.32% 5.15E-07 0.072%
7 4.11% 7.50E-07 0.087%
8 4.64% 7.88E-07 0.089%
9 4.36% 7.98E-07 0.089%

10 4.18% 9.15E-07 0.096%
11 4.28% 1.05E-06 0.103%
12 5.35% 1.12E-06 0.106%
13 4.63% 9.62E-07 0.098%
14 4.00% 9.51E-07 0.098%
15 4.41% 1.03E-06 0.102%
16 6.80% 1.60E-06 0.127%
17 12.99% 2.96E-06 0.172%
18 17.13% 3.92E-06 0.198%
19 9.78% 2.25E-06 0.150%
20 4.46% 9.36E-07 0.097%
21 2.48% 5.23E-07 0.072%
22 1.43% 2.75E-07 0.052%
23 0.70% 9.54E-08 0.031%
24 0.35% 2.85E-08 0.017%

Total 100.00%
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Hour N Mean Standard Minimum Maximum Sum
Deviation Value Value

Variance Load
Shape

1 1930 0.006 0.110 0.000 3.14 11.7 0.012 0.23%
2 193 0 0.001 0.035 0.000 1.52 1.8 0.001 0.03%
3 193 0 0.000 0.002 0.000 0.03 0.2 0.000 0.00%
4 1930 0.000 0.002 0.000 0.03 0.2 0.000 0.00%
5 1930 0.001 0.031 0.000 1.06 2.1 0.001 0.04%
6 1930 0.008 0.147 0.000 3.80 15.8 0.022 0.31%
7 1930 0.031 0.255 0.000 4.44 60.6 0.065 1.18%
8 1930 0.089 0.419 0.000 4.29 171.2 0.176 3.33%
9 1930 0.132 0.529 0.000 4.20 254.2 0.280 4.95%

10 1930 0.205 0.688 0.000 4.98 394.9 0.473 7.68%
11 1930 0.233 0.703 0.000 4.60 450.2 0.494 8.76%
12 1930 0.243 0.740 0.000 4.68 468.1 0.548 9.11%
13 1930 0.221 0.691 0.000 4.23 426.5 0.478 8.30%
14 1930 0.213 0.671 0.000 4.42 410.2 0.451 7.98%
15 1930 0.204 0.645 0.000 4.21 392.9 0.417 7.64%
16 1930 0.192 0.634 0.000 4.14 370.1 0.402 7.20%
17 1930 0.176 0.585 0.000 4.17 340.0 0.343 6.61%
18 1930 0.178 0.594 0.000 3.81 343.8 0.353 6.69%
19 1930 0.151 0.544 0.000 4.08 292.0 0.296 5.68%
20 1930 0.111 0.467 0.000 4.13 213.4 0.218 4.15%
21 1930 0.096 0.421 0.000 4.09 184.5 0.177 3.59%
22 1930 0.082 0.400 0.000 4.03 159.0 0.160 3.09%
23 1930 0.062 0.383 0.000 4.75 119.1 0.147 2.32%
24 1930 0.030 0.245 0.000 3.74 57.8 0.060 1.12%

Total 1930 2.663 4.611 0.000 31.11 5140.5 21.263 100.00%

Clothes Dryers Spring SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 1473 0.004 0.072 0.000 2.12 5.6 0.005 0.14%
2 1473 0.000 0.003 0.000 0.04 0.6 0.000 0.01%
3 1473 0.000 0.003 0.000 0.04 0.6 0.000 0.01%
4 1473 0.003 0.086 0.000 3.18 5.0 0.007 0.13%
5 1473 0.011 0.175 0.000 4.20 16.3 0.031 0.41%
6 1473 0.019 0.217 0.000 3.87 27.5 0.047 0.69%
7 1473 0.058 0.365 0.000 4.08 85.9 0.133 2.17%
8 1473 0.093 0.456 0.000 4.33 137.1 0.208 3.46%
9 1473 0.160 0.615 0.000 4.87 235.7 0.378 5.96%

10 1473 0.219 0.698 0.000 4.74 322.9 0.487 8.16%
11 1473 0.243 0.728 0.000 4.55 357.5 0.529 9.03%
12 1473 0.253 0.750 0.000 4.44 373.0 0.562 9.43%
13 1473 0.238 0.724 0.000 4.80 351.2 0.524 8.88%
14 1473 0.215 0.706 0.000 4. 50 317.3 0.498 8.02%
15 1473 0.207 0.677 0.000 4.25 305.0 0.458 7.71%
16 1473 0.199 0.646 0.000 4.72 293.3 0.418 7.41%
17 1473 0.171 0.599 0.000 4.16 251.9 0.359 6.37%
18 1473 0.132 0.516 0.000 4.56 194.0 0.267 4 . 90%
19 1473 0.100 0.448 0.000 4.04 147.8 0.201 3.74%
20 1473 0.095 0.432 0.000 3.63 140.3 0.187 3.55%
21 1473 0.095 0.466 0.000 4.50 140.4 0.217 3.55%
22 1473 0.103 0.499 0.000 5.23 151.6 0.249 3.83%
23 1473 0.053 0.347 0.000 4. 90 77.6 0.120 1 .96%
24 1473 0.013 0.157 0.000 3.71 18.6 0.025 0.47%

4.770 0.000 34.86 3956.5 22.756 100.00%Total 1473 2.686

Clothes Dryers Summer SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 3015 0.003 0.053 0.000 2.39 9.5 0.003 0.13%
2 3015 0.002 0.037 0.000 1.71 6.7 0.001 0.0 9%
3 3015 0.003 0.060 0.000 3.03 9.1 0.004 0.12%
4 3015 0.020 0.194 0.000 3.21 61.8 0.038 0.82%
5 3015 0.036 0.297 0.000 4.22 109.4 0.088 1.46%
6 3015 0.035 0.275 0.000 4.13 104.4 0.075 1.39%
7 3015 0.077 0.384 0.000 4.13 232.5 0.147 3.09%
8 3015 0.131 0.516 0.000 4.12 396.4 0.267 5.27%
9 3015 0.177 0.606 0.000 4.12 534.7 0.367 7.11%

10 3015 0.187 0.576 0.000 4.09 563.3 0.332 7.50%
11 3015 0.194 0.620 0.000 4.14 585.8 0.385 7.80%
12 3015 0.175 0.580 0.000 4.39 528.1 0.336 7.03%
13 3015 0.176 0.561 0.000 3.93 529.7 0.315 7.05%
14 3015 0.182 0.583 0.000 5.13 547.6 0.339 7.2 9%
15 3015 0.171 0.555 0.000 4.42 516.2 0.308 6.87%
16 3015 0.173 0.551 0.000 4.80 522.4 0.304 6.95%
17 3015 0.174 0.561 0.000 5.12 523.7 0.315 6.97%
18 3015 0.149 0.503 0.000 4.16 447.9 0.253 5.96%
19 3015 0.123 0.453 0.000 3.59 372.3 0.205 4.95%
20 3015 0.110 0.458 0.000 4.60 332.4 0.210 4.42%
21 3015 0.096 0.419 0.000 4.59 290.9 0.176 3.87%
22 3015 0.056 0.304 0.000 4.06 167.4 0.092 2.23%
23 3015 0.031 0.245 0.000 4.62 92.8 0.0 60 1.23%
24 3015 0.010 0.115 0.000 2.99 30.1 0.013 0.40%

Total 3015 2.493 4.154 0.000 30.65 7515.2 17.252 100.00%

Clothes; Dryers Fall SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 1541 0.007 0.125 0.000 3.44 11.4 0.016 0.29%
2 1541 0.001 0.026 0.000 1.01 1.4 0.001 0.04%
3 1541 0.001 0.023 0.000 0.78 1.7 0.001 0.04%
4 1541 0.012 0.130 0.000 2.16 18.9 0.017 0.48%
5 1541 0.038 0.299 0.000 4.10 58.4 0.089 1.47%
6 1541 0.052 0.334 0.000 4.59 80.7 0.112 2.04%
7 1541 0.076 0.370 0.000 3.89 117.0 0.137 2.95%
8 1541 0.146 0.572 0.000 4.62 225.0 0.327 5.67%
9 1541 0.186 0.633 0.000 4.21 286.6 0.401 7.23%

10 1541 0.204 0.658 0.000 4.22 313.8 0.433 7.92%
11 1541 0.158 0.549 0.000 4.08 244.2 0.301 6.16%
12 1541 0.165 0.582 0.000 4.24 253.5 0.338 6.3 9%
13 1541 0.155 0.552 0.000 3.79 239.2 0.304 6.03%
14 1541 0.150 0.534 0.000 4.58 230.6 0.286 5.82%
15 1541 0.140 0.526 0.000 5.12 215.7 0.276 5.44%
16 1541 0.142 0.514 0.000 4.03 218.7 0.264 5.52%
17 1541 0.171 0.582 0.000 4.96 263.4 0.338 6.65%
18 1541 0.188 0.586 0.000 4.03 290.0 0.344 7.31%
19 1541 0.171 0.571 0.000 4.17 263.8 0.326 6.66%
20 1541 0.172 0.577 0.000 4.47 265.1 0.333 6.69%
21 1541 0.114 0.481 0.000 4.10 176.3 0.231 4.45%
22 1541 0.064 0.354 0.000 3.68 98.5 0.125 2.48%
23 1541 0.041 0.283 0.000 3.38 63.5 0.080 1.60%
24 1541 0.017 0.187 0.000 3.34 26.9 0.035 0.68%

4.478 0.000 30.73 3964.4 20.055 100.00%Total 1541 2.573
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Clothes Washers Winter SCE

Hour N Mean Standard
Deviation

Minimum
Value

Maximum
Value

Sum Variance Load
Shape

1 3236 0.002 0.016 0.000 0.25 5.3 0.000 0.76%
2 3236 0.001 0.009 0.000 0.30 1.7 0.000 0.24%
3 3236 0.000 0.005 0.000 0.22 0.8 0.000 0.12%
4 3236 0.000 0.005 0.000 0.23 0.8 0.000 0.11%
5 3236 0.000 0.006 0.000 0.22 0.9 0.000 0.13%
6 3236 0.001 0.009 0.000 0.25 1.8 0.000 0.25%
7 3236 0.002 0.018 0.000 0.31 6.5 0.000 0.92%
8 3236 0.007 0.034 0.000 0.39 22.8 0.001 3.23%
9 3236 0.012 0.046 0.000 0.37 38.5 0.002 5.46%

10 3236 0.014 0.049 0.000 0.36 45.4 0.002 6.43%
11 3236 0.018 0.070 0.000 1.85 59.3 0.005 8.40%
12 3236 0.020 0.089 0.000 2.37 66.2 0.008 9.39%
13 3236 0.018 0.099 0.000 2.71 59.0 0.010 8.3 6%
14 3236 0.016 0.068 0.000 1.93 52.5 0.005 7.44%
15 3236 0.015 0.071 0.000 1.74 49.7 0.005 7.04%
16 3236 0.015 0.087 0.000 2.50 48.9 0.008 6.93%
17 3236 0.014 0.075 0.000 2.18 44.3 0.006 6.28%
18 3236 0.013 0.069 0.000 2.08 42.9 0.005 6.08%
19 3236 0.012 0.053 0.000 1.79 37.3 0.003 5.29%
20 3236 0.009 0.042 0.000 1.20 29.8 0.002 4.22%
21 3236 0.009 0.038 0.000 0.36 29.0 0.001 4.11%
22 3236 0.009 0.039 0.000 0.32 29.8 0.002 4.23%
23 3236 0.006 0.033 0.000 0.41 20.2 0.001 2.87%
24 3236 0.004 0.025 0.000 0.35 12.0 0.001 1.70%

Total 3236 0.218 0.421 0.000 7.95 705.4 0.177 100.00%

Clothes: Washers Spring SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 2241 0.001 0.010 0.000 0.21 2.3 0.000 0.45%
2 2241 0.001 0.004 0.000 0.13 1.2 0.000 0.23%
3 2241 0.000 0.003 0.000 0.10 1.0 0.000 0.19%
4 2241 0.000 0.002 0.000 0.02 0.9 0.000 0.17%
5 2241 0.000 0.003 0.000 0.06 1.0 0.000 0.19%
6 2241 0.001 0.015 0.000 0.34 3.2 0.000 0.61%
7 2241 0.003 0.021 0.000 0.36 7.6 0.000 1.46%
8 2241 0.010 0.064 0.000 1.83 23.4 0.004 4.49%
9 2241 0.015 0.078 0.000 2.69 34.1 0.006 6.55%

10 2241 0.018 0.079 0.000 1.94 40.3 0.006 7.74%
11 2241 0.019 0.085 0.000 2.64 43.6 0.007 8.37%
12 2241 0.019 0.090 0.000 2.05 43.1 0.008 8.28%
13 2241 0.018 0.079 0.000 1.78 40.4 0.006 7.75%
14 2241 0.015 0.064 0.000 1.65 34.3 0.004 6.59%
15 2241 0.015 0.061 0.000 1.18 32.6 0.004 6.25%
16 2241 0.013 0.070 0.000 1.47 30.0 0.005 5.76%
17 2241 0.014 0.055 0.000 1.19 31.9 0.003 6.13%
18 2241 0.015 0.081 0.000 1.73 33.1 0.007 6.35%
19 2241 0.013 0.051 0.000 1.04 28.7 0.003 5.51%
20 2241 0.012 0.060 0.000 1.98 25. 9 0.004 4 .96%
21 2241 0.011 0.057 0.000 1.99 23.8 0.003 4.57%
22 2241 0.009 0.037 0.000 0.34 20.3 0.001 3.89%
23 2241 0.006 0.030 0.000 0.28 13.2 0.001 2.54%
24 2241 0.002 0.017 0.000 0.21 5.0 0.000 0.96%

0.431 0.000 7.26 520.9 0.186 100.00%Total 2241 0.232

Clothes Washers Summer SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 4559 0.001 0.008 0.000 0.22 2.6 0.000 0.27%
2 4559 0.000 0.006 0.000 0.25 1.2 0.000 0.12%
3 4559 0.000 0.004 0.000 0.16 0.9 0.000 0.09%
4 4559 0.000 0.002 0.000 0.08 0.6 0.000 0.07%
5 4559 0.001 0.008 0.000 0.21 3.0 0.000 0.31%
6 4559 0.004 0.042 0.000 2.14 17.4 0.002 1.77%
7 4559 0.009 0.050 0.000 1.68 39.2 0.003 3.99%
8 4559 0.015 0.073 0.000 2.09 68.9 0.005 7.01%
9 4559 0.018 0.078 0.000 2.29 83.4 0.006 8.50%

10 4559 0.020 0.071 0.000 1.74 90.8 0.005 9.25%
11 4559 0.016 0.052 0.000 0.34 74.4 0.003 7.57%
12 4559 0.015 0.060 0.000 1.57 69.1 0.004 7.03%
13 4559 0.014 0.050 0.000 1.22 63.4 0.003 6.46%
14 4559 0.013 0.044 0.000 0.34 57.6 0.002 5.87%
15 4559 0.011 0.042 0.000 0.32 52.1 0.002 5.31%
16 4559 0.011 0.041 0.000 0.40 49.4 0.002 5.03%
17 4559 0.011 0.041 0.000 0.48 48.9 0.002 4.98%
18 4559 0.011 0.052 0.000 2.20 52.0 0.003 5.30%
19 4559 0.011 0.041 0.000 0.40 50.1 0.002 5.10%
20 4559 0.012 0.050 0.000 1.61 53.1 0.003 5.40%
21 4559 0.010 0.040 0.000 0.65 44.5 0.002 4.53%
22 4559 0.007 0.033 0.000 0.34 31.5 0.001 3.21%
23 4559 0.004 0.026 0.000 0.40 19.7 0.001 2.01%
24 4559 0.002 0.016 0.000 0.26 8.3 0.000 0.84%

Total 4559 0.215 0.353 0.000 5.19 981.9 0.125 100.00%

Clothes; Washers Fall SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 2790 0.000 0.006 0.000 0.16 1.0 0.000 0.18%
2 2790 0.000 0.004 0.000 0.14 0.6 0.000 0.11%
3 2790 0.000 0.002 0.000 0.04 0.4 0.000 0.07%
4 2790 0.000 0.003 0.000 0.11 0.6 0.000 0.10%
5 2790 0.000 0.005 0.000 0.21 0.8 0.000 0.14%
6 2790 0.002 0.014 0.000 0.24 4.8 0.000 0.84%
7 2790 0.006 0.029 0.000 0.34 15.8 0.001 2.79%
8 2790 0.010 0.040 0.000 0.34 28.0 0.002 4.95%
9 2790 0.013 0.046 0.000 0.35 36.2 0.002 6.39%

10 2790 0.015 0.050 0.000 0.76 40.9 0.003 7.22%
11 2790 0.014 0.053 0.000 1.30 40.1 0.003 7.08%
12 2790 0.013 0.045 0.000 0.38 36.9 0.002 6.52%
13 2790 0.015 0.078 0.000 2.71 41.9 0.006 7.40%
14 2790 0.012 0.049 0.000 1.02 34.7 0.002 6.13%
15 2790 0.012 0.048 0.000 1.27 32.5 0.002 5.73%
16 2790 0.011 0.053 0.000 1. 63 32.0 0.003 5.65%
17 2790 0.014 0.047 0.000 0.36 38.4 0.002 6.78%
18 2790 0.014 0.047 0.000 0.34 39.0 0.002 6.88%
19 2790 0.013 0.045 0.000 0.37 36.0 0.002 6.35%
20 2790 0.012 0.044 0.000 0.38 33.2 0.002 5.87%
21 2790 0.010 0.039 0.000 0.45 27.5 0.002 4.85%
22 2790 0.008 0.036 0.000 0.36 22.9 0.001 4.04%
23 2790 0.006 0.030 0.000 0.37 16.2 0.001 2.86%
24 2790 0.002 0.018 0.000 0.24 6.1 0.000 1.08%

0.319 0.000 3.67 566.6 0.102 100.00%Total 2790 0.203
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Dishwashers Winter SCE

Hour N Mean Standard
Deviation

Minimum
Value

Maximum
Value

Sum Variance Load
Shape

1 944 0.004 0.029 0.000 0.61 4.1 0.001 1.69%
2 944 0.003 0.022 0.000 0.60 2.9 0.000 1.18%
3 944 0.002 0.009 0.000 0.04 2.2 0.000 0.89%
4 944 0.002 0.009 0.000 0.04 2.2 0.000 0.90%
5 944 0.003 0.025 0.000 0.72 2.9 0.001 1.19%
6 944 0.002 0.011 0.000 0.21 2.3 0.000 0.96%
7 944 0.007 0.045 0.000 0.72 6.7 0.002 2.75%
8 944 0.010 0.062 0.000 0.82 9.8 0.004 4.05%
9 944 0.015 0.077 0.000 0.63 14.5 0.006 5.98%

10 944 0.017 0.078 0.000 0.72 15.9 0.006 6.55%
11 944 0.012 0.064 0.000 0.69 10.9 0.004 4.48%
12 944 0.009 0.058 0.000 0.73 8.8 0.003 3.63%
13 944 0.012 0.063 0.000 0.70 11.7 0.004 4.81%
14 944 0.014 0.068 0.000 0.67 13.5 0.005 5.59%
15 944 0.016 0.074 0.000 0.79 14.8 0.006 6.10%
16 944 0.017 0.084 0.000 0.76 16.2 0.007 6.67%
17 944 0.013 0.067 0.000 0.70 11.9 0.004 4.91%
18 944 0.015 0.078 0.000 0.83 14.5 0.006 5.99%
19 944 0.018 0.084 0.000 0.76 16.8 0.007 6.94%
20 944 0.021 0.096 0.000 0.88 19.9 0.009 8.21%
21 944 0.010 0.054 0.000 0.79 9.7 0.003 4.00%
22 944 0.012 0.069 0.000 0.86 11,8 0.005 4.86%
23 944 0.011 0.057 0.000 0.64 9.9 0.003 4.10%
24 944 0.009 0.063 0.000 0.99 8.6 0.004 3.56%

Total 944 0.257 0.401 0.000 2.22 242.5 0.161 100.00%

Dishwashers Spring SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 860 0.005 0.028 0.000 0.49 4.1 0.001 2.43%
2 860 0.004 0.019 0.000 0.46 3.0 0.000 1.78%
3 860 0.003 0.016 0.000 0.39 2.8 0.000 1.66%
4 860 0.003 0.015 0.000 0.34 2.8 0.000 1 . 64%
5 860 0.003 0.010 0.000 0.04 2.4 0.000 1.42%
6 860 0.004 0.026 0.000 0.53 3.9 0.001 2.26%
7 860 0.008 0.045 0.000 0.60 6. 9 0.002 4.07%
8 860 0.007 0.038 0.000 0.57 5.9 0.001 3.46%
9 860 0.018 0.079 0.000 0.69 15.3 0.006 8.98%

10 860 0.018 0.079 0.000 0.66 15.4 0.006 9.07%
11 860 0.013 0.061 0.000 0.71 11.0 0.004 6.45%
12 860 0.007 0.040 0.000 0.59 6.1 0.002 3.58%
13 860 0.006 0.036 0.000 0.54 5.1 0.001 2.99%
14 860 0.007 0.036 0.000 0.53 5.7 0.001 3.38%
15 860 0.009 0.052 0.000 0.78 7.7 0.003 4.52%
16 860 0.009 0.051 0.000 0.66 7.4 0.003 4.37%
17 860 0.008 0.044 0.000 0.64 7.2 0.002 4.25%
18 860 0.009 0.048 0.000 0.62 7.3 0.002 4.30%
19 860 0.014 0.072 0.000 0.71 11.7 0.005 6.87%
20 860 0.009 0.050 0.000 0.57 8.0 0.002 4.70%
21 860 0.010 0.058 0.000 0.67 8.8 0.003 5.15%
22 860 0.008 0.049 0.000 0.65 7.2 0.002 4.24%
23 860 0.009 0.049 0.000 0.51 7. 6 0.002 4.48%
24 8 60 0.008 0.045 0.000 0.70 6.7 0.002 3.95%

860 0.198 0.340 0.000 2.48 170.3 0.115 100.00%Tot a 1

Dishwashers S umme r SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 1096 0.003 0.014 0.000 0.35 3.2 0.000 1.68%
2 1096 0.003 0.009 0.000 0.06 2.8 0.000 1.47%
3 1096 0.003 0.020 0.000 0.59 3.4 0.000 1.74%
4 1096 0.003 0.010 0.000 0.11 2.9 0.000 1.52%
5 1096 0.004 0.027 0.000 0.63 4.2 0.001 2.20%
6 1096 0.004 0.042 0.000 1.12 4.9 0.002 2.53%
7 1096 0.004 0.026 0.000 0.57 4.8 0.001 2.50%
8 1096 0.011 0.064 0.000 0.67 12.3 0.004 6.38%
9 1096 0.011 0.060 0.000 0.84 11.5 0.004 5.99%

10 1096 0.006 0.040 0.000 0.67 6.9 0.002 3.58%
11 1096 0.007 0.040 0.000 0.70 7.5 0.002 3.89%
12 1096 0.010 0.093 0.000 2.72 10.9 0.009 5.66%
13 1096 0.009 0.053 0.000 0.65 9.7 0.003 5.06%
14 1096 0.007 0.037 0.000 0.50 7.4 0.001 3.83%
15 1096 0.008 0.046 0.000 0.71 8.6 0.002 4.46%
16 1096 0.008 0.048 0.000 1.06 8.3 0.002 4.30%
17 1096 0.012 0.071 0.000 1.10 12.7 0.005 6.62%
18 1096 0.016 0.083 0.000 0.86 17.9 0.007 9.29%
19 1096 0.013 0.068 0.000 0.80 14.2 0.005 7.36%
20 1096 0.011 0.061 0.000 0.80 11.6 0.004 6.04%
21 1096 0.009 0.054 0.000 0.86 10.2 0.003 5.28%
22 1096 0.006 0.038 0.000 0.61 6.5 0.001 3.40%
23 1096 0.006 0.038 0.000 0.67 6.2 0.001 3.24%
24 1096 0.003 0.020 0.000 0.49 3.8 0.000 1.96%

Total 1096 0.176 0.348 0.000 3.52 192.4 0.121 100.00%

Dishwashers Fall SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 675 0.005 0.040 0.000 0.88 3.3 0.002 1.78%
2 675 0.003 0.025 0.000 0.61 2.3 0.001 1.26%
3 675 0.004 0.042 0.000 1.07 2.7 0.002 1.46%
4 675 0.004 0.032 0.000 0.59 2.8 0.001 1.50%
5 675 0.002 0.009 0.000 0.04 1.6 0.000 0.88%
6 675 0.005 0.036 0.000 0.54 3.6 0.001 1.93%
7 675 0.009 0.055 0.000 0.68 6.2 0.003 3.36%
8 675 0.016 0.083 0.000 0.73 11.0 0.007 6.00%
9 675 0.023 0.107 0.000 1.01 15.7 0.012 8.52%

10 675 0.017 0.084 0.000 0.94 11.7 0.007 6.38%
11 675 0.008 0.048 0.000 0.66 5.3 0.002 2.90%
12 675 0.009 0.054 0.000 0.74 6.2 0.003 3.37%
13 675 0.011 0.055 0.000 0.58 7.1 0.003 3.87%
14 675 0.014 0.068 0.000 0.59 9.4 0.005 5.14%
15 675 0.017 0.081 0.000 0.79 11.2 0.007 6.10%
16 675 0.014 0.063 0.000 0.54 9.4 0.004 5.11%
17 675 0.016 0.078 0.000 0.86 10.6 0.006 5.75%
18 675 0.020 0.097 0.000 0.91 13.4 0.009 7.30%
19 675 0.023 0.096 0.000 0.81 15.3 0.009 8.31%
20 675 0.017 0.084 0.000 0.95 11.5 0.007 6.27%
21 675 0.009 0.055 0.000 0.98 5.8 0.003 3.14%
22 675 0.006 0.045 0.000 0.79 4.4 0.002 2.38%
23 675 0.011 0.066 0.000 1.00 7.4 0.004 4.03%
24 675 0.009 0.049 0.000 0.58 6.0 0.002 3.25%

675 0.272 0.438 0.000 4.48 183.6 0.192 100.00%Total
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Freezers Winter SCE

Hour N Mean Standard
Deviation

Minimum
Value

Maximum
Value

Sum Variance Load
Shape

1 1470 0.120 0.085 0.000 0.43 177.0 0.007 4.01%
2 1470 0.117 0.084 0.000 0.44 172.4 0.007 3.91%
3 1470 0.120 0.086 0.000 0.33 175.8 0.007 3.98%
4 1470 0.117 0.084 0.000 0.40 172.7 0.007 3.91%
5 1470 0.116 0.083 0.000 0.46 170.8 0.007 3.87%
6 1470 0.116 0.084 0.000 0.47 170.7 0.007 3.87%
7 1470 0.113 0.082 0.000 0.38 166.8 0.007 3.78%
8 1470 0.116 0.087 0.000 0.46 170.0 0.008 3.85%
9 1470 0.122 0.095 0.000 0.46 179.6 0.009 4.07%

10 1470 0.120 0.092 0.000 0.40 176.2 0.008 3.99%
11 1470 0.125 0.0 90 0.000 0.39 183.3 0.008 4.16%
12 1470 0.123 0.087 0.000 0.41 181.1 0.008 4.11%
13 1470 0.131 0.092 0.000 0.45 193.0 0.008 4.38%
14 1470 0.134 0.094 0.000 0.51 197.2 0.009 4.47%
15 1470 0.137 0.095 0.000 0.40 200.8 0.009 4.55%
16 1470 0.139 0.098 0.000 0.46 204.6 0.010 4.64%
17 1470 0.137 0.094 0.000 0.46 201.6 0.009 4.57%
18 1470 0.132 0.091 0.000 0.38 193.4 0.008 4.38%
19 1470 0.130 0.091 0.000 0.47 191.8 0.008 4.35%
20 1470 0.132 0.094 0.000 0.47 193.4 0.009 4.38%
21 1470 0.132 0.097 0.000 0.47 194.2 0.009 4.40%
22 1470 0.127 0.094 0.000 0.38 187.2 0.009 4.24%
23 1470 0.123 0.087 0.000 0.33 180.8 0.008 4.10%
24 1470 0.120 0.084 0.000 0.41 176.6 0.007 4.00%

Total 1470 3.001 1.925 0.000 7.35 4410.9 3.704 100.00%

Freezers Spring SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 1265 0.127 0.081 0.000 0.33 161.1 0.007 3.91%
2 1265 0.125 0.081 0.000 0.33 157.8 0.007 3.83%
3 1265 0.124 0.080 0.000 0.33 156.6 0.006 3.80%
4 1265 0.122 0.081 0.000 0.33 154.4 0.007 3.75%
5 1265 0.121 0.081 0.000 0.33 152.5 0.007 3.70%
6 1265 0.118 0.077 0.000 0.32 149. 9 0.006 3.64%
7 1265 0.121 0.080 0.000 0.33 153.4 0.006 3.73%
8 1265 0.120 0.080 0.000 0.35 152.4 0.006 3.70%
9 1265 0.132 0.094 0.000 0.44 166.9 0.009 4.05%

10 1265 0.135 0.091 0.000 0.36 171.1 0.008 4.15%
11 1265 0.138 0.087 0.000 0.35 174.6 0.008 4.24%
12 1265 0.142 0.089 0.000 0.36 180.0 0.008 4.37%
13 1265 0.147 0.089 0.000 0.36 185.9 0.008 4.51%
14 1265 0.153 0.091 0.000 0.37 193.2 0.008 4.69%
15 1265 0.156 0.092 0.000 0.37 197.0 0.008 4.78%
16 1265 0.156 0.092 0.000 0.39 197.7 0.008 4.80%
17 1265 0.155 0.090 0.000 0.35 195.7 0.008 4.75%
18 1265 0.148 0.089 0.000 0.35 187.5 0.008 4.55%
19 1265 0.140 0.087 0.000 0.34 176.5 0.008 4.2 9%
20 1265 0.136 0.086 0.000 0.37 172.6 0.007 4.19%
21 1265 0.144 0.094 0.000 0.40 181.8 0.009 4.42%
22 1265 0.135 0.090 0.000 0.34 171.1 0.008 4.15%
23 1265 0.131 0.084 0.000 0.34 165.2 0.007 4.01%
24 1265 0.129 0.083 0.000 0.33 163.1 0.007 3.96%

1.779 0.000 8.29 4118.1 3.163 100.00%Total 1265 3.255

Freezers Summer SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 2106 0.151 0.097 0.000 0.38 318.1 0.009 3.97%
2 2106 0.148 0.096 0.000 0.39 311.1 0.009 3.88%
3 2106 0.148 0.097 0.000 0.39 312.4 0.009 3.89%
4 2106 0.148 0.097 0.000 0.40 312.0 0.009 3.89%
5 2106 0.142 0.092 0.000 0.35 298.3 0.008 3.72%
6 2106 0.140 0.091 0.000 0.38 294.4 0.008 3.67%
7 2106 0.141 0.091 0.000 0.38 296.9 0.008 3.70%
8 2106 0.145 0.093 0.000 0.39 304.6 0.009 3.80%
9 2106 0.154 0.105 0.000 0.40 323.8 0.011 4.04%

10 2106 0.156 0.100 0.000 0.36 328.9 0.010 4.10%
11 2106 0.162 0.101 0.000 0.39 340.7 0.010 4.25%
12 2106 0.167 0.101 0.000 0.43 350.8 0.010 4.37%
13 2106 0.170 0.100 0.000 0.40 358.7 0.010 4.47%
14 2106 0.176 0.101 0.000 0.38 369.8 0.010 4.61%
15 2106 0.178 0.100 0.000 0.41 375.1 0.010 4.68%
16 2106 0.181 0.105 0.000 0.43 381.1 0.011 4.75%
17 2106 0.177 0.102 0.000 0.42 373.8 0.010 4.66%
18 2106 0.172 0.101 0.000 0.41 362.2 0.010 4.52%
19 2106 0.168 0.101 0.000 0.41 353.7 0.010 4.41%
20 2106 0.162 0.103 0.000 0.38 341.8 0.011 4.26%
21 2106 0.161 0.107 0.000 0.40 339.4 0.011 4.23%
22 2106 0.155 0.101 0.000 0.39 327.0 0.010 4.08%
23 2106 0.155 0.099 0.000 0.34 326.1 0.010 4.07%
24 2106 0.151 0.097 0.000 0.40 318.7 0.009 3.97%

Total 2106 3.808 2.181 0.000 7.99 8019.3 4.757 100.00%

Freezers Fall SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 1196 0.139 0.094 0.000 0.46 166.3 0.009 3.89%
2 1196 0.141 0.094 0.000 0.50 169.1 0.009 3.96%
3 1196 0.142 0.095 0.000 0.35 169.8 0.009 3.98%
4 1196 0.137 0.092 0.000 0.47 163.7 0.009 3.83%
5 1196 0.135 0.093 0.000 0.50 161.2 0.009 3.77%
6 1196 0.139 0.094 0.000 0.44 165.8 0.009 3.88%
7 1196 0.136 0.091 0.000 0.50 162.6 0.008 3.81%
8 1196 0.134 0.092 0.000 0.49 160.5 0.009 3.76%
9 1196 0.140 0.103 0.000 0.45 167.9 0.011 3.93%

10 1196 0.142 0.097 0.000 0.45 169.6 0.009 3.97%
11 1196 0.149 0.101 0.000 0.37 178.6 0.010 4.18%
12 1196 0.154 0.104 0.000 0.48 184.3 0.011 4.31%
13 1196 0.159 0.105 0.000 0.47 190.3 0.011 4.45%
14 1196 0.161 0.107 0.000 0.47 193.0 0.011 4.52%
15 1196 0.164 0.104 0.000 0.42 196.0 0.011 4.59%
16 1196 0.166 0.104 0.000 0.39 198.2 0.011 4.64%
17 1196 0.165 0.103 0.000 0.48 197.2 0.011 4.62%
18 1196 0.159 0.103 0.000 0.49 189. 9 0.011 4.44%
19 1196 0.159 0.104 0.000 0.48 189.9 0.011 4.45%
20 1196 0.152 0.100 0.000 0.39 181.8 0.010 4.26%
21 1196 0.157 0.107 0.000 0.41 187.4 0.012 4.39%
22 1196 0.151 0.100 0.000 0.44 180.8 0.010 4.23%
23 1196 0.147 0.097 0.000 0.36 176.4 0.009 4.13%
24 1196 0.144 0.095 0.000 0.39 171.9 0.009 4.02%

Total 1196 3.572 2.129 0.000 7.72 4272.1 4.535 100.00%
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Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 3516 0.153 0.109 0.000 0.49 536.2 0.012 3.97%
2 3516 0.149 0.108 0.000 0.48 523.0 0.012 3.87%
3 3516 0.141 0.103 0.000 0.49 494.2 0.011 3.66%
4 3516 0.139 0.100 0.000 0.46 487.7 0.010 3.61%
5 3516 0.138 0.103 0.000 0.46 485.3 0.011 3.59%
6 3516 0.135 0.099 0.000 0.46 473.1 0.010 3.50%
7 3516 0.145 0.106 0.000 0.47 510.5 0.011 3.78%
8 3516 0.154 0.111 0.000 0.70 541.9 0.012 4.01%
9 3516 0.155 0.109 0.000 0,66 545.0 0.012 4.03%

10 3516 0.157 0.111 0.000 0.79 553.1 0.012 4.09%
11 3516 0.154 0,107 0.000 0.70 541.3 0.011 4.00%
12 3516 0.157 0.110 0.000 0.71 551.0 0.012 4.08%
13 3516 0.163 0.112 0.000 0.50 572.5 0.012 4.24%
14 3516 0.166 0.113 0.000 0.50 583.9 0.013 4.32%
15 3516 0.167 0.116 0.000 0.49 588.1 0.014 4.35%
16 3516 0.170 0.119 0.000 0.80 598.2 0.014 4.43%
17 3516 0.173 0.119 0.000 0.50 609.6 0.014 4.51%
18 3516 0.183 0.121 0.000 0.49 641.8 0.015 4.75%
19 3516 0.186 0.123 0.000 0.49 654.9 0.015 4.84%
20 3516 0.180 0.120 0.000 0.50 63 4.3 0.014 4.69%
21 3516 0.178 0.119 0.000 0.49 626.5 0.014 4.64%
22 3516 0.173 0.116 0.000 0.50 608.9 0.013 4.50%
23 3516 0.166 0.117 0.000 0.50 585.2 0.014 4.33%
24 3516 0.162 0.117 0.000 0.48 570.8 0.014 4.22%

Total 3516 3.844 2.331 0.000 10.72 13516.8 5.433 100.00%

Refrigerators Spring SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 2530 0.193 0.106 0.000 0.49 489.4 0.011 3.87%
2 2530 0.196 0.111 0.000 0.50 494.9 0.012 3.91%
3 2530 0.184 0.103 0.000 COo 466.0 0.011 3.68%
4 2530 0.178 0.098 0.000 0.46 449.1 0.010 3.55%
5 2530 0.177 0.099 0.000 0.48 447.9 0.010 3.54%
6 2530 0.179 0.097 0.000 0.48 452.5 0.009 3.58%
7 2530 0.189 0.102 0.000 0.47 478.1 0.010 3.78%
8 2530 0.197 0.111 0.000 0.67 498.3 0.012 3.94%
9 2530 0.197 0.104 0.000 0.69 498.8 0.011 3.94%

10 2530 0.196 0.105 0.000 0.65 495.8 0.011 3.92%
11 2530 0.200 0.108 0.000 0.70 506.3 0.012 4.00%
12 2530 0.208 0.110 0.000 0.51 527.2 0.012 4.17%
13 2530 0.214 0.110 0.000 0.48 540.8 0.012 4.27%
14 2530 0.220 0.116 0.000 0.60 557.7 0.013 4.41%
15 2530 0.221 0.113 0.000 0.50 558.2 0.013 4.41%
16 2530 0.224 0.113 0.000 0.49 567.8 0.013 4.49%
17 2530 0.228 0.113 0.000 0.50 577.1 0.013 4.56%
18 2530 0.238 0.114 0.000 0.50 603.0 0.013 4.76%
19 2530 0.241 0.113 0.000 0.49 608.5 0.013 4.81%
20 2530 0.238 0.114 0.000 0.55 602.7 0.013 4.76%
21 2530 0.237 0.113 0.000 0.49 599.7 0.013 4.74%
22 2530 0.225 0.111 0.000 0.50 569.4 0.012 4.50%
23 2530 0.215 0.112 0.000 0.49 544.8 0.012 4.30%
24 2530 0.206 0.113 0.000 0.50 522.2 0.013 4.13%

Total 2530 5.003 2.264 0.000 10.86 12656.3 5.127 100.00%

Refrigerators S umme r SCE

Hour N Mean Standard 
Deviation

Minimum
Value

Maximum
Value

Sum Variance Load
Shape

1 4575 0.201 0.122 0.000 0.49 917.8 0.015 3.95%
2 4575 0.199 0.126 0.000 0.52 908.2 0.016 3.91%
3 4575 0.189 0.119 0.000 0.49 866.1 0.014 3.73%
4 4575 0.185 0.115 0.000 0.52 847.7 0.013 3.65%
5 4575 0.184 0.115 0.000 0.51 842.7 0.013 3.63%
6 4575 0.186 0.113 0.000 0.51 849.7 0.013 3.66%
7 4575 0.195 0.120 0.000 0.50 892.6 0.014 3.84%
8 4575 0.199 0.128 0.000 0.52 912.5 0.016 3.93%
9 4575 0.196 0.120 0.000 0.49 897.0 0.014 3.8 6%

10 4575 0.202 0.121 0.000 0.52 921.9 0.015 3.97%
11 4575 0.207 0.122 0.000 0.50 946.8 0.015 4.08%
12 4575 0.216 0.123 0.000 0.49 988.1 0.015 4.25%
13 4575 0.218 0.125 0.000 1.34 999.3 0.016 4.30%
14 4575 0.220 0.128 0.000 0.50 1007.5 0.016 4.34%
15 4575 0.224 0.129 0.000 0.53 1025.6 0.017 4.41%
16 4575 0.229 0.131 0.000 0.96 1047.7 0.017 4.51%
17 4575 0.234 0.128 0.000 0.61 1068.5 0.016 4.60%
18 4575 0.239 0.128 0.000 0.51 1091.6 0.016 4.70%
19 4575 0.237 0.126 0.000 0.50 1085.6 0.016 4.67%
20 4575 0 .'233 0.127 0.000 0.51 1067.4 0.016 4.59%
21 4575 0.232 0.127 0.000 0.65 1059.7 0.016 4.56%
22 4575 0.223 0.124 0.000 0.51 1021.1 0.015 4.40%
23 4575 0.217 0.128 0.000 0.57 994.4 0.016 4.28%
24 4575 0.213 0.129 0.000 0.52 972.9 0.017 4.19%

Total 4575 5.078 2.665 0.000 11.19 23232.4 7.101 100.00%

Refrigerators Fall SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 2809 0.171 0.119 0.000 0.49 479.5 0.014 3.90%
2 2809 0.171 0.122 0.000 0.48 479.0 0.015 3.90%
3 2809 0.161 0.113 0.000 0.49 451.3 0.013 3.67%
4 2809 0.156 0.109 0.000 0.48 439.5 0.012 3.58%
5 2809 0.153 0.106 0.000 0.50 428.4 0.011 3.49%
6 2809 0.155 0.104 0.000 0.49 436.2 0.011 3.55%
7 2809 0.163 0.111 0.000 0.44 458.1 0.012 3.73%
8 2809 0.177 0.128 0.000 0.52 496.8 0.016 4.04%
9 2809 0.169 0.117 0.000 0.49 473.8 0.014 3.86%

10 2809 0.172 0.114 0.000 0.50 482.1 0.013 3.92%
11 2809 0.174 0.117 0.000 0.49 488.4 0.014 3.97%
12 2809 0. 180 0.118 0.000 0.50 505.1 0.014 4.11%
13 2809 0.186 0.116 0.000 0.49 523.3 0.014 4.26%
14 2809 0.190 0.124 0.000 0.49 534.6 0.015 4.35%
15 2809 0.195 0.125 0.000 0.49 548.1 0.016 4.46%
16 2809 0.203 0.132 0.000 0.54 570.7 0.017 4.64%
17 2809 0.203 0.126 0.000 0.48 571.2 0.016 4.65%
18 2309 0.208 0.125 0.000 0.49 584.0 0.016 4.75%
19 2809 0.209 0.126 0.000 0.50 588.0 0.016 4.79%
20 2809 0.208 0.127 0.000 0.49 584.9 0.016 4.76%
21 2809 0.201 0.124 0.000 0.49 564.6 0.015 4.59%
22 2809 0.195 0.123 0.000 0.50 548.0 0.015 4.46%
23 2809 0.188 0.123 0.000 0.49 529.1 0.015 4.31%
24 2809 0.186 0.130 0.000 0.52 522.6 0.017 4.25%

2.521 0.000 10.68 12287.4 6.355 100.00%Total 2809 4.374
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Oven-Range Winter SCE

Hour N Mean Standard
Deviation

Minimum Maximum Sum Variance
Value Value

Load
Shape

1 1119 0..005 0..024 0..000 0.. 61 5..8 0..001 0..83%
2 1119 0,.005 0..027 0,.000 0,.72 5,.8 0,.001 0.. 82%
3 1119 0..005 0..017 0,.000 0,.20 5..2 0..000 0..74%
4 1119 0,.005 0..021 0,.000 0,.44 5..5 0..000 0..78%
5 1119 0..005 0..016 0,.000 0,.09 5..2 0..000 0..75%
6 1119 0..012 0..033 0,.000 0..50 13.. 5 0,.001 1..93%
7 1119 0..011 0..038 0,.000 0..56 12..8 0..001 1..83%
8 1119 0..025 0..066 0..000 0..80 28.,0 0..004 3..99%
9 1119 0.,030 0..077 0,.000 0..88 33., 9 0..006 4 ..83%

10 1119 0..026 0,.099 0,.000 1..32 29..2 0,.010 4 ,.17%
11 1119 0..023 0,.099 0..000 1..36 25..9 0,.010 3..69%
12 1119 0..036 0..111 0,.000 1..06 39., 9 0..012 5..69%
13 1119 0..031 0..114 0,.000 1..54 34., 8 0..013 4 ..96%
14 1119 0..027 0..123 0..000 2.. 69 30.,7 0..015 4 ..38%
15 1119 0.,033 0..114 0..000 1.,40 36.,4 0..013 5.,19%
16 1119 0.,039 0..154 0..000 2.,34 43.,8 0..024 6.,26%
17 1119 0.,070 0..197 0..000 1.,77 78..2 0..039 11..16%
18 1119 0..100 0..235 0..000 1..58 112.,2 0..055 16..01%
19 1119 0., 056 0..174 0..000 2., 46 63.,1 0..030 9..00%
20 1119 0.,033 0..141 0..000 1,.56 37.,5 0..020 5..35%
21 1119 0.,023 0..134 0..000 3., 11 25., 4 0.,018 3..63%
22 1119 0.,012 0,.085 0.,000 2.,05 13., 9 0.,007 1.,99%
23 1119 0.,007 0.,029 0.,000 0., 54 7. 6 0.,001 1 .,08%
24 1119 0., 006 0.,026 0.,000 0., 57 6. 4 0.,001 0., 92%

Total 1119 0., 626 0.,876 0., 000 8., 43 700., 5 0.,768 100.,00%

Oven-Range Spring

Standard Minimum Maximum 
Deviation Value Value

Variance Load 
Shape

1
2
3
A
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24

809 0..008 0,.028 0,.000 0,. 52 6..4 0..001 1,.21%
809 0., 007 0,.023 0..000 0.. 29 6..0 0..001 1..14%
809 0.,007 0,.020 0..000 0..09 5., 8 0..000 1 ..10%
809 0.,007 0,.020 0..000 0..09 5., 5 0..000 1 ,.05%
809 0.,011 0..028 0..000 0..39 8., 5 0 ,.001 1..62%
809 0.,019 0..044 0..000 0..61 15., 1 0..002 2..87%
809 0.,024 0..059 0..000 0..70 19.,4 0..003 3..69%
809 0.,038 0,.097 0.,000 1.. 60 31., 0 0..009 5..90%
809 0., 034 0,.119 0..000 1.. 98 27.,3 0,.014 5 ..19%
809 0.,023 0,.088 0..000 1..39 18., 9 0..008 3 ,.59%
809 0.,023 0,.080 0..000 1..31 18.,3 0..006 3..48%
809 0.,032 0,.092 0..000 1.. 05 25.,8 0..009 4 .. 90%
809 0.,026 0..110 0.,000 1.. 77 20.,9 0..012 3..99%
809 0..027 0,.111 0..000 2.,21 22.,2 0..012 4 .,22%
809 0.,029 0..097 0..000 1..06 23., 7 0..009 4 .,51%
809 0..042 0,.117 0..000 1..06 34.,0 0 ..014 6..48%
809 0..080 0,.203 0..000 2..39 64., 8 0,.041 12..34%
809 0..083 0,.215 0..000 2..40 67.,3 0..046 12..80%
809 0..047 0,.162 0.. 000 2..09 37., 7 0..026 7..17%
809 0..038 0,.151 0.. 000 1., 90 30., 6 0..023 5..82%
809 0..020 0,.092 0.,000 1..33 16.,4 0..009 3..12%
809 0..010 0,.036 0..000 0.,59 8., 1 0..001 1.,53%
809 0., 008 0..021 0..000 0.. 10 6., 1 0.,000 1.,16%
809 0..007 0,.021 0..000 0..09 5.,8 0 ..000 1 ,.11%

809 0,. 650 0,.857 0..000 7..81 525., 6 0 ,.735 100..00%Total

Oven-Range Summer SCE

Hour N Mean Standard
Deviation

Minimum
Value

Maximum
Value

Sum Variance Load
Shape

1 1603 0.006 0.021 0.000 0.16 9.1 0.000 0.92%
2 1603 0.006 0.021 0.000 0.12 9.0 0.000 0.92%
3 1603 0.005 0.020 0.000 0.17 8.5 0.000 0.8 6%
4 1603 0.005 0.020 0.000 0.12 8.8 0.000 0.90%
5 1603 0.011 0.030 0.000 0.51 18.3 0.001 1.86%
6 1603 0.015 0.048 0.000 0.56 24.8 0.002 2.53%
7 1603 0.034 0.085 0.000 0.93 54.2 0.007 5.51%
8 1603 0.034 0.096 0.000 1.37 54.4 0.009 5.53%
9 1603 0.023 0.082 0.000 1.47 37.4 0.007 3.80%

10 1603 0.021 0.094 0.000 2.30 33.6 0.009 3.42%
11 1603 0.023 0.078 0.000 0.92 37.4 0.006 3.81%
12 1603 0.023 0.100 0.000 2.59 37.7 0.010 3.83%
13 1603 0.020 0.088 0.000 1.43 31.7 0.008 3.23%
14 1603 0.027 0.098 0.000 1.41 43.3 0.010 4.40%
15 1603 0.031 0.117 0.000 1.66 50.2 0.014 5.10%
16 1603 0.045 0.138 0.000 1.42 71.9 0.019 7.31%
17 1603 0.093 0.228 0.000 2.15 146.9 0.052 15.14%
18 1603 0.059 0.207 0.000 2.93 94.6 0.043 9.62%
19 1603 0.054 0.197 0.000 2.91 86.7 0.039 8.82%
20 1603 0.027 0.131 0.000 1.74 44.0 0.017 4.47%
21 1603 0.017 0.086 0.000 1.22 27.3 0.007 2.77%
22 1603 0.017 0.126 0.000 2.91 27.5 0.016 2.80%
23 1603 0.008 0.067 0.000 2.34 13.1 0.004 1.33%
24 1603 0.007 0.038 0.000 1.26 11.1 0.001 1.13%

Total 1603 0.614 0.906 0.000 11.60 983.5 0.822 100.00%

Oven-Range Fall SCE

Hour N Mean Standard Minimum Maximum Sum Variance Load
Deviation Value Value Shape

1 1041 0.005 0.026 0.000 0.58 4.7 0.001 0.78%
2 1041 0.004 0.025 0.000 0.63 4.4 0.001 0.73%
3 1041 0.004 0.024 0.000 0.56 4.5 0.001 0.75%
4 1041 0.004 0.023 0.000 0.56 4.3 0.001 0.70%
5 1041 0.006 0.026 0.000 0.57 6.7 0.001 1.11%
6 1041 0.011 0.040 0.000 0.70 11.6 0.002 1.92%
7 1041 0.023 0.067 0.000 0.66 24.0 0.005 3.98%
8 1041 0.031 0.085 0.000 0.79 32.4 0.007 5.37%
9 1041 0.023 0.085 0.000 1.20 24.0 0.007 3.97%

10 1041 0.022 0.104 0.000 1.92 23.3 0.011 3.86%
11 1041 0.025 0.108 0.000 1.51 26.0 0.012 4.31%
12 1041 0.023 0.096 0.000 1.26 23.9 0.009 3.96%
13 1041 0.024 0.117 0.000 2.17 24.8 0.014 4.10%
14 1041 0.023 0.095 0.000 1.11 23.4 0.009 3.88%
15 1041 0.024 0.098 0.000 1.56 25.1 0.010 4.15%
16 1041 0.032 0.116 0.000 1.16 33.2 0.014 5.4 9%
17 1041 0.081 0.216 0.000 1.46 84.0 0.047 13.90%
18 1041 0.092 0.234 0.000 1.53 96.1 0.055 15.90%
19 1041 0.057 0.198 0.000 2.90 59.3 0.039 9.81%
20 1041 0.030 0.142 0.000 2.09 31.3 0.020 5.18%
21 1041 0.015 0.094 0.000 1.55 15.8 0.009 2.61%
22 1041 0.009 0.055 0.000 0.95 9.0 0.003 1.50%
23 1041 0.006 0.037 0.000 0.84 6.7 0.001 1.11%
24 1041 0.005 0.033 0.000 0.73 5.6 0.001 0.93%

0.873 0.000 8.14 604.1 0.761 100.00%Total 1041 0.580
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Electric Water Heaters SDG&E

Hour N Mean Standard
Deviation

Minimum
Value

Maximum
Value

Sum Variance Load
Shape

1 506 0.519 0. 637 0.000 4.92 262.8 0.405 2.47%
2 506 0.447 0.495 0.000 4.34 225.9 0.245 2.12%
3 506 0.418 0.466 0.000 5.39 211.5 0.218 1.99%
4 506 0.438 0.496 0.000 4.90 221.8 0.246 2.08%
5 506 0.562 0.842 0.000 9.41 284.5 0.710 2.67%
6 506 0.755 0.937 0.000 6.11 382.2 0.878 3.59%
7 506 1.080 1.282 0.000 11.72 546.7 1.643 5.14%
8 506 1.290 1.579 0.000 10.90 653.0 2.493 6.14%
9 506 1.219 1.489 0.000 13.82 616. 9 2.218 5.80%

10 506 1.075 1.296 0.000 9.94 543.7 1.679 5.11%
11 506 0. 968 1.132 0.000 7.16 490.0 1.281 4.60%
12 506 0.889 1.109 0.000 7.96 449.8 1.230 4.23%
13 506 0.843 1.136 0.000 8.52 426.3 1.290 4.01%
14 506 0.758 0.980 0.000 7.09 383.4 0.960 3.60%
15 506 0.773 1.010 0.000 8.39 391.0 1.019 3.67%
16 506 0.829 1.093 0.000 10.63 419.3 1.194 3.94%
17 506 0.994 1.174 0.000 9.78 503.0 1.379 4.73%
18 506 1.225 1.366 0.000 9.06 619.9 1.865 5.83%
19 506 1.263 1.370 0.000 9.40 639.2 1.876 6.01%
20 506 1.164 1.215 0.000 8.00 588.8 1.477 5.53%
21 506 1.130 1.211 0.000 9.31 571.7 1.467 5.37%
22 506 0. 935 1.081 0.000 8.75 473.3 1.169 4.45%
23 506 0.798 1.007 0.000 7.58 403.8 1.014 3.79%
24 506 0.658 0.899 0.000 8.42 333.1 0.809 3.13%

Total 506 21.030 15.179 0.000 117.73 10641.3 230.400 100.00%
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Appendix F. Smoothing the Time-Temperature Matrices

The analysis of PG&E and SCE air conditioning data to develop new time-temperature matrices 
for the CEC’s Residential Peak Model (Section V) was limited by the range and numbers of 
observations found during the monitoring period. Many values at temperature-humidity 
extremes (both high and low) were not observed in the historic data. Moreover, the measured 
data exhibited uneveness across adjacent values when plotted. Intuition suggests that the time- 
temperature matrices ought to behave smoothly for the range of both observed and un-observed 
time and temperature-humidity values.

This appendix describes preliminary work to develop a statistical method for smoothing the ran
dom fluctuations in the observed matrix of load vs. time-of-day and temperature-humidity 
index. We begin with a formal description of the the assumptions behind the fitting procedure 
and the mathematical model used. We continue with a presentation of our preliminary results 
for the central and room air conditioner loads from both the PG&E and SCE data.

Assumptions in the Model
The model we use for smoothing the load data arises from the following observations about the 
data. First, at any given hour, the air conditioning load appears to increase with increasing tem
perature.1 Second, at a given value of the temperature, the load appears to vary smoothly across 
the day. Third, the load appears to approach a maximum value at extreme temperatures which is 
independent of the time of day. One way to think of this behavior is that the observed load 
equals the average installed air conditioner capacity times the probability that the average air 
conditioner is on; thus, the probability increases with temperature, approaching one at very high 
temperatures, and that it varies smoothly from hour to hour. The model is derived from these 
probabilistic considerations.

We make the following formal assumptions:
1. Weather conditions can be measured in some scalar index, whose effect on electric con

sumption is monotonic. In other words, we assume that the many components of "weather" 
(which includes elements like temperature, humidity, cloudiness, angle of incidence of sun
light, etc.) can be adequately represented for the purpose of predicting electric consumption 
by a scalar-valued index.1 2 Furthermore, we assume that index can be formed in such a way 
that electric energy consumption is monotonic in that index, i.e., it only rises or only falls 
with increases in the index, never both.

2. There exists some maximum energy demand occurring at some extreme (not necessarily 
infinite) levels of this index. That maximum demand is of interest and should be explicitly 
identifiable in the model. Furthermore, although this maximum demand is unchanging 
across different periods of the day, the level of the weather index necessary to bring it about

1 For simplicity, we will discuss the model in terms of the air conditioning load and use temperature as a generic 
label for the appropriate weather index.

2 For simplicity and tractability, that index will most commonly be based on temperature and/or humidity only.
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may vary over the course of the day. This assumption effectively says that, regardless of 
the time of day, if weather conditions become extreme enough, the maximum demand will 
be reached.

We choose to model average electric demand for any given hour as being predicted by a max
imum demand level times a two-parameter Weibull probability distribution on the weather 
index. The Weibull probability density is given by:

w(a,f3)=j(i)a_1 exp
"S

The parameters a and (3 of the Weibull distribution each have an explicit dependence on the 
time-of-day; we choose to model that dependence as having a sinusoidal character with 12- 
and/or 24-hour periods. Another way of looking at this is that we have incorporated a smooth 
dependence of the distribution with time of day by expanding a and P in a Fourier series and 
keeping only the lowest frequencies.

Both of the assumptions enumerated above are implicit in the selection of this model. The 
choice of a probability distribution on the weather index gives us (1) the monotonicity of 
response to changes in the weather index, and (2) the increase to some maximum value which is 
constant across the day. The time-varying dependence of the parameters of the Weibull distribu
tion affects neither of these while providing a smooth response from hour to hour.

The choice of a Weibull distribution is made primarily for ease of analysis as it has a particularly 
simple analytical form. However, it also has specific characteristics which make its use as a 
model slightly problematic unless we can assume that those same characteristics exist in the 
data. Foremost among these is its skewness; the Weibull distribution has a fairly long and gently 
sloping left tail and a relatively short and steep right tail. Using it to model the dependence of 
electric demand on a weather index implies the same characteristics should exist in that depen
dence. Effectively, by using a Weibull distribution, we are assuming that the rate of increase of 
demand (as the weather index increases) is slow at low levels of the index and becomes larger at 
intermediate levels. At some level of the index not much below a level sufficient to produce 
maximum total electric demand, the rate of increase of demand peaks. The rate of increase then 
tapers off again as the maximum is approached.

The choice of a Weibull distribution also imposes on us specific relationships between the shape 
parameter a and the scale parameter (3. The first of these is that a is inversely related to the 
coefficient of variation of the distribution, i.e., a goes to infinity as the coefficient of variation 
goes to zero. Thus, a small value of a corresponds to a relatively "wide" Weibull distribution, 
one which rises smoothly and slowly from low levels of demand to high levels (at some extreme 
value of the weather index). Similarly, a large value of a corresponds to a relatively "narrow" 
Weibull distribution, one which rises very sharply and suddenly from low levels of demand to 
high levels at some specific value of the weather index.
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That point at which the rate of increase of demand is steepest is the mode of the distribution, and
has the value

mode = P a- 1
a

l/a

whenever a is greater than or equal one. For "reasonable" values of a estimated from actual 
data sets (generally a greater than five or six), this value is just slightly less than (3, or, in other 
words, the value of (3 is usually a slight overestimate of the position of the mode of the distribu
tion.

We use the following notation:

t

h

L(h,t)

ah,t

M

a

(3

the weather index (commonly just temperature, hence the notation "t")

the time-of-day index (commonly just hours on a 1 to 24 scale, hence the notation 
"h")

the estimated average electric load at hour h and weather index t; i.e., the depen
dent variable to be fitted to independent variables h and t.

the estimated standard deviation of normally-distributed additive error in L(h,t), 
i.e., L(h,t) is modeled as being an estimate with a Normal distribution whose mean 
is the true value of the average load given h and t and whose error has standard 
deviation ah t.

the maximum average electric consumption reached at some "extreme enough" 
value of the weather index t.

the "shape" parameter of the fitted Weibull distribution, 

the "scale" parameter of the fitted Weibull distribution.

With this notation, we propose to model average electric load as

L(h,t) = L(h,t) + e(h,t) (1)

= MFh(t) + e(h,t),

where Fh(t) is a Weibull(oc,P) probability distribution with shape parameter a(h) and scale 
parameter P(h) each having an explicit dependence on the time-of-day h, and e(h,t) is an error 
term distributed as N(0,oh t).
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Equation (1) expands out as

L(h,t) = M 

where t' is just a rescaling of the weather index

1-exp -(t'/p) (2)

t' = <
^max ^min

^ ^max 

^min — ^max

if load is directly related to t

if load is inversely related to t

to make the calculations numerically tractable. Parameters oc(h) and p(h) are dependent on the 
time-of-day h through the following relationships:

P(h)

a(h) = c4 + c5sin

cl + c2sin 

h + c6

h + c3
2k

24
2k

24 

+ c7sin h-i-c8
12

2k

(3)

(4)

For a given set of estimated data L(h,t), our problem is to choose cl,..., c8 and M so as to 
minimize the sum of squared residuals

R _ Y L(h,t) - L(h,t) 2

g [ w(ah)t,L(h,t)) J 1 J
where w(') is a "weighting function" that may depend on both oh t and L(h,t).

With this parameterization, both the shape parameter a(h) and the scale parameter P(h) vary 
smoothly over the course of a 24-hour day. We have modeled a(h) with somewhat more com
plexity than P(h), allowing it to be represented by two sine waves of different periods (24 hours 
and 12 hours) and different heights (c5 and cl, respectively). Each sine wave is also allowed a 
different "shift" (c6 and c8), so that the maximum of the 24-hour wave is reached at the hour 
(6-c6) and the maximum of the 12-hour wave is reached at both 3-c8 and 15-c8. The value 
of oc(h) for any particular value of h is the sum of the base level c4 plus both of these two sine 
waves. By comparison, the scale parameter P(h) is modeled as varying from a base level cl in 
only one 24-hour sine wave, with height c2 and shift c3.

Results for PG&E and SCE Central and Room Air Conditioning
We used this model to fit both summer central and room air conditioning data from the PG&E 
and SCE metering studies. Section VI compared the peak day load shapes developed from 
application of these matrices to selected peak day weather data. In this sub-section, we describe 
the fitting procedures and illustrate the resulting matrices.
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We deliberately chose a slightly unusual weighting function for use in equation (5). The weight
ing function we used was

v^M.LOW) = <6>
i.e., the coefficient of variation of the data L(h,t), rather than the more commonly-used standard 
deviation. We recognize that the common practice of setting the weight function wfi) equal to 
the estimated standard deviation of the assumed additive normal error e(h,t) in equation (1) 
eliminates the assumed heteroscedasticity of the data, a desirable goal. However, in this case, 
combinations of time-of-day and weather that produce extremely low electric loads also produce 
less variation in that load; the result was that low values of L(h,t) were generally estimated with 
much greater accuracy (i.e., smaller values of ah)t) than high levels. This led the residual
minimizing algorithm to fit the small values of load much more accurately than the large values. 
Since the goal of the analysis was to estimate the dependence of maximum electric load on 
weather and time-of-day effects, this result seemed counter-productive. Substitution of the 
coefficient of variation in place of the standard deviation in wO) places greater weight on larger 
values of load. Essentially, we place greater emphasis on fitting those data points L(h,t) which 
are proportionally well-estimated (i.e., those that have a small coefficient of variation) rather 
than those which are absolutely well estimated.

Figures F-l through F-4 present the fitted matrices. This model produced fitted values which 
were visually very satisfying (i.e., they varied smoothly in an intuitive fashion, and very rarely 
produced a fitted data point more than two standard deviations away from the actual data point). 
Because the objective of the procedure was to obtain a smooth representation of the data and 
because of the weighting scheme used, we did not consider it appropriate to make any tests of 
"goodness of fit". If a more accurate representation is needed, the number of terms in the Fourier 
series for a(h) and (3(h) could be increased.

The analysis presented should be regarded as exploratory and preliminary in nature. We antici
pate future work to explore other representations of the weather index (currently, we are using a 
temperature-humidity index), different probability density functions, and most importantly addi
tional validation with measured data.
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Figure F-l. PG&E Central Air Conditioning Time-Temperature Matrix - Smoothed.
Developed through application of the 8-parameter fitting procedure to the
PG&E central air conditioning time-temperature matrix presented in Section
V. Peak day load shapes developed from application of this matrix to selected
peak day weather conditions are presented in Section VI.
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Figure F-2. PG&E Room Air Conditioning Time-Temperature Matrix - Smoothed.
Developed through application of the 8-parameter fitting procedure to the
PG&E room air conditioning time-temperature matrix presented in Section V.
Peak day load shapes developed from application of this matrix to selected
peak day weather conditions are presented in Section VI.
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Figure F-3. SCE Central Air Conditioning Time-Temperature Matrix - Smoothed.
Developed through application of the 8-parameter fitting procedure to the
SCE central air conditioning time-temperature matrix presented in Section V.
Peak day load shapes developed from application of this matrix to selected
peak day weather conditions are presented in Section VI.
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Figure F-4. SCE Room Air Conditioning Time-Temperature Matrix - Smoothed.
Developed through application of the 8-parameter fitting procedure to the
SCE central air conditioning time-temperature matrix presented in Section V.
Peak day load shapes developed from application of this matrix to selected
peak day weather conditions are presented in Section VI.
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