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Residential Refrigerator Metering Analysis - Part Two 
PG&E Costing Period Study 

I. EXECUTIVE SUMMARY 

In the residential sector, energy efficient refrigerators offer one of the most effective 
opportunities for reducing electricity demand and delaying the construction of new 
power plants and/or transmission and distribution facilities. In 1990, 1991, and 1992, 
Pacific Gas and Electric Company (PG&E) offered rebates for refrigerators that were 
more efficient than the (1990) Federal standards, as reported on the label. The amount 
of the rebate increased with efficiency. Refrigerators were grouped as 10-14.9% better 
than the Federal standards, 15-19.9% better, etc. The labeled energy consumption of 
refrigerators is based on a specified laboratory test procedure (ANSI/ AHAM HRF-1-
1988), also known as the DOE test. 

In the largest in-home refrigerator study to date, two hundred and fifty-six new 
refrigerators were metered in three geographic areas within PG&E's service territory for 
one year (August 1992 - August 1993). In part one, (Annual Energy Consumption 
Comparison) the energy consumption of two groups of new refrigerators (10 to 14.9% 
and 30 to 34.9% better than the 1990 Federal standard) was compared to their labeled 
consumption. In part two of this study the energy consumption and load shape for 
each of PG&E's costing periods were developed for two groups of refrigerators - Group 
E and Group Tl. With this information energy savings and peak reductions from high 
efficiency replacements were evaluated. The Costing Period Study determined peak 
reductions for: 1) the replacement of a "typical" existing refrigerator, and 2) for the 
change from a theoretical refrigerator that just meets the current standards to a higher 
efficiency unit. The more efficient metered refrigerators were compared against PG&E 
Appliance Metering Project (AMP) refrigerator data and against the federal standard. 

Results 

This study produced factors to estimate the actual annual energy consumption, energy 
consumption by cost period, and peak watt draw by cost period for both new and 
existing refrigerators. The calculations and mathematical factors are contained in the 
body of the report. Using these factors energy consumption and peak load for three 

1 Group E consists of 120 refrigerators that, on average, are slightly more efficient than the 1993 Federal 
standards. The annual consumption of these refrigerators is 599 kWh in PG&E's service territory. Group 
T consists of 40 refrigerators (from PG&E's AMP) that, on average, are 12 years old, and consume 
1301 kWh in PG&E's service territory. 
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refrigerator prototypes were calculated. The three prototypes are: a "standard" 
refrigerator that just meets the 1993 Federal standards, a "rebated" refrigerator that has 
a labeled consumption 80% of the standard, and a "typical" refrigerator that exists in 
PG&E's residential service territory. The results are shown in Table 1. 

Table 1. Annual Electrical Consumption and Coincident Peak for New and 
Existing Refrigerators 

Annual Labeled Annual Summer 
Consumption Consumption Coincident Peak 

(kWh) (kWh) (Watts)4pm 

1993 Standarda 617 716 110 

Rebatedb 493 573 88 

Typicalc 1255 201 
a. Based on a refngerator WIth a labeled consumption that Just meets the standards. TIus theoretical unit 
is a 19.3 cubic foot,top freezer, automatic defrost refrigerator with an adjusted volume of 22.79 cubic feet 
in a home with 2.54 occupants. 
b. Based on a refrigerator with a labeled consumption 80% of the standard, with volume and occupancy 
the same as the Standard refrigerator. 
c. Based on an average 12 year old refrigerator with volume and occupancy the same as the Standard 
refrigerator. 

As shown in Table 2 there are significant energy savings and peak reductions available 
when higher efficiency "rebated" refrigerators replace lower efficiency "typical" or 
"standard" units. In PG&E's service territory, 763 kWh is saved by replacing a "typical" 
existing refrigerator with a new high efficiency "rebated" refrigerator. This replacement 
will also reduce the summer coincident peak by 113 watts. In addition, the "rebated" 
refrigerator will use 123 kWh less than a theoretical refrigerator that just meets the 
standard. The associated peak reduction is 22 watts. 

Table 2. Energy Savings and Coincident Peak Reduction for New and Existing 

Rebated vs. Standard 

Rebated vs. Typical 

PG&E Refrigerator Metering 
Costing Period Study 

Refrigerators 

Annual Energy Labeled Change 
Savings in Consumption 
(kWh) (kWh) 

123 143 

763 

Page 2 

Coincident Peak 
Reduction 

(Watts)4pm 

22 

113 
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II. INTRODUCIlON 

In the residential sector, energy efficient refrigerators offer one of the most effective 
opportunities for reducing electricity demand and delaying the construction of new 
power plants and/or transmission and distribution facilities. In 1990, 1991, and 1992, 
Pacific Gas and Electric Company (PG&E) offered rebates for refrigerators that were 
more efficient than the (1990) Federal standards, as reported on the label. The amount 
of the rebate increased with efficiency. Refrigerators were grouped as 10-14.9% better 
than the Federal standards, 15-19.9% better, etc. The labeled energy consumption of 
refrigerators is based on a specified laboratory test procedure (ANSI/ AHAM HRF-1-
1988), also known as the DOE test. 

Three questions have been posed: 

1) How closely does the labeled consumption represent energy consumption 
under actual use? 

2) How is the annual energy consumption broken down by PG&E costing period? 

3) What is the load shape of these new refrigerators in different costing periods? 

These questions become fundamental in utility Demand Side Management programs, 
such as the PG&E refrigerator rebate program. DSM programs invest in end use energy 
efficiency to offset supply-side investments. For an accurate assessment of investment 
alternatives the costs and energy savings of DSM measures must be known. When 
customers choose one level of refrigerator efficiency over another, there is an impact on 
energy use and peak demand. The actual amount of this impact was the subject of this 
two part study. 

In part one, (Annual Energy Consumption Comparison) the energy consumption of two 
groups of new refrigerators was compared to their labeled consumption. In the largest 
in-home refrigerator study to date, two hundred fifty six new refrigerators were 
metered in three geographic areas (Coastal- Hayward, Inland- Livermore, and Central 
Valley - Fresno) for one year. That study concluded that refrigerator energy 
consumption in PG&E's service territory is less than the labeled consumption. 

In part two, (PG&E Costing Period Study) the energy consumption and load shape for 
each costing period were developed for two groups of refrigerators. With this 
information energy savings and peak reductions from high efficiency replacements 
were evaluated. The Costing Period Study determined peak reductions for: 1) the 
replacement of a "typical" existing refrigerator, and 2) for the change from a theoretical 
refrigerator that just meets the current standards to a higher efficiency unit. The more 
efficient metered refrigerators were compared against PG&E Appliance Metering 
Project (AMP) refrigerator data and against the federal standard. 
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This report covers the second part of the metering study which had the following 
research objectives: 

1) For each of PG&E's five costing periods, estimate the kW reduction associated 
with high efficiency residential refrigerators and develop adjustment factors to 
estimate future kW reductions. The PG&E costing periods are: 

• Summer on-Peak: May 1 to October 31, 12 noon - 6 pm, weekdays 

• Summer Partial Peak: May 1 to October 31, 8:30 am-12 noon and 6:00 pm-
9:30 pm, weekdays 

• Summer Off Peak: May 1 to October 31, Other 

• Winter Partial Peak: November 1 to April 30, 8:30 am - 9:30 pm 

• Winter Off Peak: November 1 to April 30, Other 

2) Estimate the percentage of annual kWh consumption in each of the five costing 
periods for high efficiency refrigerators metered in the 1992-1993 metering 
project, a theoretical "standard" refrigerator of the same size and type as those 
metered in the 1992-1993 project, and a "typical" refrigerator represented in the 
1992 AMP data. 

3) Produce graphs of the load for high efficiency, "standard:' and "typical" 
refrigerators on a system summer peak day, an average summer day, and an 
average winter day. 
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III. METHODOLOGY 

The PG&E Costing Period Study compared the annual and hourly electrical 
consumption of high efficiency refrigerators to "standard" and "typical" refrigerators. 
The bases of this comparison were metered data from new refrigerators metered in 
1992/1993 and from a variety of existing refrigerators drawn from the Pacific Gas and 
Electric Company Appliance Metering Project. 

Sample Selection 

.The high efficiency sample (Group E) was confined to 17 through 21 ftJ units with top 
freezer and automatic defrost. Group E reflects the most common refrigerator size and 
style purchased under the 1992 rebate program. They also represent refrigerators of the 
highest efficiency generally sold in 1992. Three geographical areas were chosen: Coastal 
(clustered near Hayward), Inland (clustered near Livermore), and Central Valley 
(clustered near Fresno). Group E refrigerators were randomly selected from a list of 
rebated customers that met the sample selection criteria. The list of rebated 
refrigerators was prepared by the Electric and Gas Industries Association (EGIA), which 
processes the rebates for PG&E. This group of refrigerators was selected for the second 
part of the study because it most closely approximated refrigerators that are now on the 
market. 

The existing refrigerator sample (Group T) was drawn from 1992 AMP study, which 
was chosen to represent a cross section of PG&E's residential population. AMP 
refrigerators that had at least three months of summer data and three months of winter 
data were included in the sample. Based on recorded make and model information the 
total volume of each refrigerator was checked against recorded total volume. If a 
significant discrepancy existed on volume or on type of refrigerator, that unit was 
dropped from the analysis. No side by side units were used in Group T. 

Some significant characteristics of both groups of customers are given in Table 3. 

Table 3. Characteristics of Sample Groups 

Refrigerator Total Household CentralAC 
Age Volume Occupants 

GroupE 1 year 19.0 cu. ft. 2.54 51% 
120 Rebated Customers 

GroupT 11.9 years 19.7 cu. ft. 3.1 53% 
40 Metered Customers 

PG&E Residential 3.03 1 49% 2 
Population 

1. Based on weIghted 1990 RASS data for smgle famdy reSIdences and town homes. (PG&E,1994) 
2. Based on 1990 RASS data. (XENERGY,1992) . 
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Data Acquisition 

An hourly recording meter (a 120-volt version of PG&E's residential time of use meter) 
was installed on each Group E refrigerator to measure its energy consumption for up to 
a full year. At the time of meter installation, a PG&E technician briefly interviewed the 
occupant(s), and recorded information on factors that might influence refrigerator 
energy consumption, including number of people in household, use of an automatic ice 
maker, and anti-sweat heater switch on or off. (See Appendix F for a list of variables) 
Group T refrigerators were monitored with a variety of sUbmetering devices utilized in 
the AMP program. 

All the data collected by the technicians (occupancy, presence of ice maker, etc.) were 
checked carefully to eliminate errors. Missing data, inconsistencies in data (Le. ice 
maker on but none installed), or changes in data from visit to visit were investigated 
and clarified either by phone or in person at the next visit. Hourly data from each 
metered refrigerator were summed to daily total kWh, annualized (multiplied by 365) 
and matched with the average daily temperatures from the closest weather station. The 
Fresno airport weather station was used for the Central Valley group, Livermore for the 
Inland group, and Freemont for the Coastal group. 

Data Analysis 

A number of alternative analysis approaches were attempted for reducing the influence 
of usage level factors (such as occupancy) on load shape estimates. One approach 
involved modeling the ratio of each hour's usage to average load for that refrigerator 
over the year. This approach "nets out" the impact of usage level from seasonal load 
patterns and load shapes. However, the denominator of the ratio requires an unbiased 
estimate of a given refrigerator's annual usage. Unfortunately, the data sets had 
numerous missing values with potentially biasing patterns (both geographic and 
seasonal differences were apparent in the attrition), so this method was deemed 
inappropriate. 

An inspection of load shapes at varying usage levels found that the hourly pattern in a 
given day is relatively unaffected by the daily usage. This observation led to the use of 
a two step approach for estimating load shapes by costing period. The daily usage 
could be estimated by a regression model involving temperature and costing period 
variables. The usage by hour could then be estimated from the daily usage using a ratio 
approach. The hourly ratios could be estimated by costing period if there was a costing 
period effect. This approach exploits the consistency of the hourly load shapes. 

The two step approach relies upon the assumption that hourly load ratios are 
independent of temperature effects and usage levels (and factors influencing usage 
levels such as occupancy) at least within costing periods. This assumption was tested in 
several ways. Regression models of load in a given hour as a function of daily average 
load were estimated for different costing periods with and without the inclusion of 
temperature, occupancy, icemaker presence, and refrigerator volume variables. The 
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average daily load variable dominated the model. Only in the winter was there a 
temperature effect of any importance. All other household and refrigerator variables 
produced coefficients that were either not statistically significant or so small that the 
estimate was unaffected. 

The stability of the ratio estimation approach under differing temperature conditions 
was further examined by separately estimating the full hourly load ratio profIle for hot 
summer days (>75°P) and cool summer days «75°F). A comparison of these estimates 
found that the ratios were virtually identical (typical differences of less than 1 %) with 
no pattern to their small discrepancies and a maximum hourly difference of 3.1 %. 
However, the winter profiles showed a consistent difference with temperature. In cold 
weather «59°P), the load ratio profile was flatter (lower peaks, and higher lows) than in 
warm winter weather (>=59°F). This finding is consistent with expectations: when it is 
cold outside, the thermostat controls the indoor temperature to a narrower range than 
the "float" that occurs in mild weather. This was also evident from a regression 
analysis. Dividing the winter into separate "cool" and "warm" period ratios eliminates 
the temperature dependence. 

In summary, a two step approach was selected which estimates daily usage from a 
regression on temperature and costing period variables and then estimates hourly loads 
as a simple ratios on daily usage. The ratios are estimated separately for key costing 
periods (summer weekdays, summer weekends, winter) with winter divided between 
heating and non-heating modes. This approach reduces the dependence of the 
estimation process on household and refrigerator characteristics while taking advantage 
of the consistent load ratio patterns. 

Daily Usage Estimation - Group E 

Refrigerator usage can be modeled as a linear function of outdoor temperature with an 
elbow at 59°P. (Proctor and Dutt, 1994) The present analysis used a model that included 
effects from differences in costing periods (e.g., summer vs. winter, weekdays vs. 
weekends). Exploratory analysis showed that the model intercept and temperature 
slope differed somewhat between the summer and the winter. Differences between 
weekends and weekdays were examined for the summer (when they represent different 
costing periods). The effect was small and is well represented as a shift in just the 
model intercept. The final model is: 

DayUse = A + B x Avetemp + C x cooltemp + D x avetsumm 

+ E x summer + P x summerwkdy 

where: 
DayUse = the dependent variable - the annualized use for the day, 

A = the intercept coefficient, 
S = the daily average temperature coefficient, 

(1) 

A vetemp = the 24 hour average temperature for that day for the nearest weather 
station, 
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C = the cool temp coefficient, 

cooltemp = (Avetemp - 59°F) for temperatures below 59°F and 0 elsewhere 
(cool temp is the equivalent of heating degree days to the base 59°F), 

D = the coefficient of avetsumm, 

avetsumm = Avetemp in the summer and 0 in the winter (this accounts for the 
change in slope in the summer), 

E = the coefficient of the dummy variable summer, it is the change in 
intercept that occurs in the summer, 

summer = a 0/1 variable that indicates the data point is in the summer costing 
period, 

F = the coefficient of the dummy variable summerwkdy, it is the change 
in intercept that occurs in summer weekdays, 

summerwkdy = a 0/1 variable which indicates that the data point is in the summer 
weekday costing period 

The response of Group E refrigerator energy consumption to outside temperature for 
summer weekdays is shown in Figure 1. 
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Figure 1. Response of Daily Refrigerator Energy Consumption to Outdoor 
Temperature (Group E Summer Weekday) 

Other variables representing household and/or refrigerator characteristics were 
examined for possible inclusion in the model. While several of these variables were 
statistically significant (e.g., occupancy, presence of icemaker, refrigerator volume) they 
were not included in the final model for several reasons: 
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• representative data on the same variables was not consistently available for the 
population (either for PG&E or the particular segment of primary interest -­
purchasers of new refrigerators) or in the AMP data set; 

• inclusion or exclusion of these variables did not significantly effect the 
coefficients on the temperature and cost period variables, so their absence 
apparently does not create problems with bias; 

• some of the coefficients were inconsistent with expectations and may be 
themselves biased. 

One of the goals of the analysis was to minimize the number of explanatory variables in 
the models unless their exclusion biased the remaining coefficients or their inclusion 
provided valuable insights and/or allowed for correction for some biased sample 
characteristics to more closely approximate the population of interest. No refrigerator 
or household characteristics met these criteria in Group E and therefore none were 
included. This finding is not particularly surprising given that the efficient refrigerator 
group was specifically selected to minimize the variability of most of these factors (e.g., 
style, size, efficiency). When the variability of a factor is small, there is little information 
to determine the effect of that factor on the dependent variable. 

Factors not included in the analysis (such as icemaker) are implicitly assumed to occur 
in the population in the same proportion as they do in the sample. 

Daily Usage Estimation - Group T 

The Group T refrigerators are much more diverse in terms of size and efficiency because 
they were sampled to represent typical existing refrigerators. Because of this diversity, 
the model employed to estimate usage in the Group E performed poorly when applied 
to Group T. The coefficients were poorly determined and inconsistent with prior 
expectations. When the same model was estimated using a robust regression procedure 
(bi-weighted least squares) large discrepancies were found in the coefficients, indicating 
that the OLS estimates are unstable. In addition, systematic differences were found 
between Groups E and T in terms of household occupancy and refrigerator volume. 
These differences needed to be addressed in the analysis. 

To improve the model and provide reasonable and stable coefficients while also 
accounting for differences with the Group E, other explanatory variables were 
examined. This analysis revealed that when total refrigerator volume was added to the 
model, stable and reasonable coefficients were found on the temperature variables. The 
number of occupants was also included in the model to allow adjustment for group 
differences. In contrast to the efficient group refrigerators, seasonal variables were not 
found to be of practical or statistical significance and did not affect the other 
coefficients. The final model for Group Tis: 
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DayUse = A + B x Avetemp + C x cooltemp + G x weekday 

+ H x totvolume+ I x occupants 

where: 

(2) 

DayUse, Avetemp, and cooltemp as well as coefficients A, B, and C are defined 
as in Equation 1, 

G = the coefficient of the dummy variable weekday, it is the change in 
intercept that occurs on weekdays, 

weekday = a 0/1 variable which indicates that the data point is a weekday, 
H = the coefficient of totvolum, 

totvolum = the reported total volume for the refrigerator, 
I = the coefficient of occupants, 

occupants = the reported number of occupants in the household. 

The response of Group T refrigerator energy consumption to outside temperature for 
summer weekdays is shown in Figure 2. 
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Figure 2. Response of Daily Refrigerator Energy Consumption to Outdoor 
Temperature (Group T Summer Weekday) 

Differences between Group E and Group T are accounted for by using the average total 
volume and average occupancy from Group E in evaluating the Group T regression 
equation. The data is normalized to Group E because it is a sample of households that 
purchased high efficiency rebated refrigerators. This group is assumed to be more 
representative of rebate recipients than Group T. 
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Daily Usage Model Estimation and Standard Errors - Both Groups 

The daily usage models were estimated using ordinary least squares (OLS) regression. 
However, the data set did not represent all independent observations, but many 
observations over time on the same group of refrigerators. The observations on a given 
refrigerator are correlated due to refrigerator and household-specific characteristics and 
may also be serially correlated. This situation reduces the efficiency of the OLS 
estimators compared to an optimal Generalized Least Squares (GLS) approach. Due to 
the size of the data sets used in the analysis and strong relationships found, this loss in 
efficiency was not particularly problematic. However, a more significant problem is 
that OLS provides biased standard errors because of these within-refrigerator 
correlations. Consistent standard errors can be calculated using an approach described 
in Appendix A. The OLS coefficients and corrected standard errors are shown in 
Table 4 for the two models. 

Table 4. Regression Coefficients 

GroupE GroupT 

Coefficient Coefficient Value Coefficient 
Designation [Std. Error] Designation 

Constant -171.82 [84.97] Constant 

Avetemp. 12.37 [1.43] Avetemp 

Avetsumm 2.42 [1.04] Occupants 

Summer -139.62 [70.16] Totvolume 

Cooltemp. 9.63 [1.53] Cool temp 

Summwkdy -12.28 [3.99] Weekday 

Estimating Usage by Costing Period for PG&E's Service Territory 
in a Typical Weather Year 

Coefficient Value 
[Std. Error] 

-1453.16 [442.34] 

21.57 [4.54] 

33.17 [26.12] 

67.67 [19.41] 

14.22 [8.26] 

-8.63 [5.90] 

Pacific Gas and Electric Company's costing periods fall into two seasons, winter and 
summer. There are three summer costing periods depending on time of day and day of 
week (weekend/weekday). In the winter there are two costing periods defined by the 
time of day. The usage by costing period was calculated in a two step process. First, 
the average daily usage was calculated for four seasonal periods: summer weekdays, 
summer weekends, winter days with an average temperature above 59°P and winter 
days with a lower average temperature. Second, the use in particular hours was 
calculated through a load shape ratio. 

The regression models were used to estimate usage by seasonal period for typical PG&E 
weather using temperature bin data. Based on the weather conditions (TMY's) in each 
of the PG&E divisions, residential meter weighted temperature bins were established. 
These bins represent the number of days the outdoor ambient temperature will be in 
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that bin based on typical meteorological data The bins were determined separately for 
the seasons from May 1 to October 31 and from November 1 to April3!. These bins are 
reported in Appendix E and illustrated in Figures 3 and 4. 
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Figure 3. PG&E Residential Meter Weighted Daily Average Temperature Bins 
for May 1- October 31 Costing Period 

70 

60 

c: 50 
a:l 

c: 40 

(f) 30 
>-
'" 0 20 

10 

0 
lL. lL. lL. . . 
0> 0> 0::> 
0::> N 0::> 
N I') h 

lL. lL. lL. lL. . . 
0> 0 \0 0 
I') 0::> N I'-

" ,. U) U) 

Mean Temperature 

lL. . 
I'-

\!) 

lL. lL. . . 
N h 
\0 
\!) I'-

Figure 4. PG&E Residential Meter Weighted Daily Average Temperature Bins 
for November 1 - April 30 Costing Period 
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The daily average usage in a seasonal period was estimated by taking a weighted sum 
of the predicted bin usage (weighted by the number of days in that bin for that costing 
period). 

Standard Error of Usage Rate 

The standard error of the weighted average usage rate was calculated using the 
parameter variance-covariance matrix (estimated as described previously and in 
Appendix A) to calculate a variance covariance matrix of predicted usage rates by bin. 
This approach accounts for the correlation in the usage predictions between bins. 
Appendix B shows the calculations used in matrix form. 

Load Shape Ratio Estimation -

The hourly load shapes showed that usage in a given hour (in Watts) is generally 
proportional to that day's usage, so that 

USeijk=Rik * DUij 

where 

USeijk = The load in cost period i, day j, and hour k 

(3) 

The load ratio in cost period i and hour k 

DailyUseij 
8.766 ' the average watt draw in period i on day j 

DailyUseij = 

8.766 = 

The annualized use in kWh in period i on day j 

24 hours/day * 365.25 days/year 
1000 Watts/kWh 

This form is equivalent to a simple linear regression without an intercept term. R can be 
estimated using a variety of approaches. An inspection of the variance patterns led to 
using a ratio estimator for R. The ratio estimator for a given hour is calculated as the 
sum of usage in that hour across all observations in the estimation period (e.g., summer 
weekdays), divided by the sum of the corresponding daily usage rates. The ratio 
estimator is equivalent to an optimally weighted least squares analysis with no intercept 
if the variance of the hourly usage is proportional to the daily usage. Based on the data, 
this approach appeared more sound than simply calculating the average of the 
individual hourly ratios. 

Separate ratios were calculated for the Group E and Group T refrigerators. For each 
group, ratios were calculated for summer weekdays, summer weekends, warm winter 
weather (>=59°F) and cool winter weather «59°F). The winter was divided into warm 
and cool periods because the ratios differed systematically between the two, as 
explained previously. The resulting normalized load shape for Group E on average 
summer weekdays is shown in Figure 5. 
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Figure 5. Group E Average Summer Weekday Load Shape Ratio 

Standard Errors on the Ratio Estimates 

The standard errors for the, hourly load shape ratios were calculated from the weighted 
least squares analysis, using the same approach employed for the daily usage regression 
models (described in Appendix A) to include the effects of within-refrigerator 
correlations. The ratios were well-determined, with standard errors of about 1 % or less 
for Group E and about 1.5% for Group T. 

Estimates of Hourly Usage on a Peak Day 

The usage in a given cost period, on a peak day, in a given hour, is estimated as that 
hour's ratio for that cost period times the estimated usage for the peak day (a function of 
temperature and cost period variables as estimated by the daily usage regressions). 
(From Equation 3) 

USeipk=Rik * DUip 

where 

Useipk = The load in cost period i, on a peak day, in hour k 

Rik = The load ratio in cost period i and hour k 

DUip = DailyUseip h d·· d· k d 8.766' t e average watt raw ill perlO 1 on a pea ay 

DailyUseip = The annualized use in kWh in period i on a peak day 

8.766 = 24 hours/day * 365.25 days/year 
1000 Watts/kWh 

(4) 
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