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Puget Sound Energy 
Load Research 

Class Hourly Load Profiles  

 

1 INTRODUCTION  

1.1    Background 
The class hourly load profiles developed in this study are to support Puget Sound Energy’s (PSE or 
the Company) electric cost-of-service (COS) study.  The class hourly loads are estimated on the basis 
of the load data for the test-year period from July 2022 to June 2023.  This analysis uses 15-minutes 
interval load data to develop hourly class profiles. Historically, PSE used interval load data for a 
statistically selected sample of customers which were collected by the Company’s automated meter 
reading (AMR) or advanced metering infrastructure (AMI) network for most non-system rate classes. 
The sample data were validated and then expanded to the population for each rate class using well-
founded statistical methods to estimate class level load profiles. In 2018, PSE started AMI meter 
deployment for all customers which allows 15-minutes interval load data to be available for most 
customers.1 For the current analysis, PSE is using all customers’ meter data currently available with 
one year of historical data. This approach allows PSE to be compliant with the WAC cost of service 
rule (480-85-050) requiring utilities to use interval load data in place of a sample-based load study.     
 
In support of the 2024 GRC, PSE staff used all available data for residential, 8, 24, 25, 31 and 43 rate 
schedules to estimate the class load profiles.  In addition, PSE used the available data to estimate load 
profiles for net meter customers for schedule 7, 24 (C & I) and 25 commercial customers. The 
methodology used to estimate the net meter load profiles is same as the non-net meter customers. 
 
Interval load data for the full populations of large commercial and industrial (C&I) rate classes, such 
as Classes 46, 49, 449PV, 449HV, 459 and Special Contract are compiled by the MV-90 metering 
system. For these non-system rate classes as well as rate classes with few customers such as 5 & 35, 
interval load data for the full population are available. Therefore for these rate classes, full population 
data were used to estimate class load profiles. The class load profiles for these rate classes are referred 
to in this report as “deemed” profiles since they have been calculated for the entire class. 
 
The rate classes studied in this rate case are listed in Table 1. 
 

 
1 Currently, interval data are not available for 100% of the customer for the time period analyzed to support the 2024 rate 
case. 
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Table 1 – Rate Classes2 Analyzed 

 
 
This study yields the following outputs: 

 

 Hourly load profiles for the test year by rate class 

 Hourly load profiles for the net meter customers by rate class 

 General class and customer summaries including: 

 Monthly coincident peaks and non-coincident peaks by rate class; 

 Average customer load 

    Top 12 peak hours average coincident peak demands and mid-winter month 
(Nov. – Feb.) system peak hour average coincident peak demand (4CP)  by 
class; and 

    Top 12 non-coincident peaks by class; 

 

2  METHODOLOGY 
 
In this section, we discuss the data and methodology used to estimate the class load profiles.  In 
addition, we include summaries of the system load and annual class sales. 
 
For the 2024 GRC load study, PSE hired DNV Energy Insights, a consulting company, specializing 
in load research to assist with analyzing hourly interval data for over 1 million customers. Currently, 
PSE does not have a system in place to process such a large volume of data and validate data quality. 
Therefore PSE leveraged DNV Energy Insight’s expertise on the subject matter and resources to 

 
2 Non-System loads are PSE’s transportation or “Retail Wheeling” class loads. 
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analyses the electric customer load data to support the 2024 cost of service study. The analysis 
approach used by DNV in this study follows the load research methodology detailed in appendix B 
– analysis approach Approach. The analyses used available hourly data for most customers with 
highly correlated information, e.g., annual billing data that is known for the full population of 
customers. While the samples used in this study approached a census, it was still necessary to develop 
a stratification schema based on the population billing data and map the available sample data to the 
appropriate stratum for the purpose of calculating case weights for use in the analysis.  The case 
weights for each analysis class have been included in the associated tables in the result section below. 

 

2.1 Analysis Overview 
 
In general, the following steps were taken to develop the class hourly load profiles and the 
information needed for electric cost of service studies. These steps are consistent with the 
analysis steps adopted in the past GRC studies. 

1. The first step in this process is to identify the population frame of interest. This is 
accomplished by summarizing current billing data on the full complement of customers on 
each of the rate class and domain of interest. 

2. The next step in this process is to extract and compile the 15-minute interval load data, and 
aggregate them to hourly loads for all customers from the population for which interval data 
were available.  

3. Next, the interval data goes through an extensive verification, editing and estimation (VEE) 
process to maximize the volume of data that could be used for analyses. The following 
criterion were used to perform VEE on the hourly usage data: 

 Meter to billing comparison 

 Spike checks 

 Missing interval checks, and 

 weather modelling to fill in missing data 

4. Since currently, interval data are not available for the whole population for each rate class, 
the next step is to use the available data in classic load research analysis framework to 
extrapolate the sample to the full population of interest. This starts by matching the available 
sample data to the various schedules and domains of interest to create case weights for use 
in the analysis.  Case weights are simply the number of customers in the population 
represented by each sample point.  If a rate class has data for its entire population, the case 
weights will be at 1.0 for that rate class. Next, case weights are applied to estimate daily use 
for each class-domain.   

5. The estimated daily loads are then trued up to the official annual sales totals to get the 
preliminary daily load profiles.  This weighted analysis yields the best estimate of the daily 
total for each domain that are rolled up to the classes of interest to yield class load before 
loss.  The step was executed for Commercial (C), Industrial (I), net meter, and non-net meter 
customers separately. 

6. The population expansions were then used to estimate average loss factors for each delivery 
voltage and rate class. The loss factors were then applied to the class hourly load estimates 
to produce the class hourly load estimates with losses; 
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7. The hourly load estimate with loss for each rate class were summed for all of the system rate 
classes and compared with the actual system hourly load. This results in a residual load 
known as unaccounted for energy3 (or UFE); and 

8. Finally, the UFE was applied to each rate class based on the proportion of the rate class 
contribution to the individual hourly load yielding the reconciled class load. Since the hourly 
load profiles for “deemed profiles” (Rate Classes 5, 35, 46, 49, special contract and lighting 
classes) provides actual interval load data, UFE allocation was done among only the system 
rate classes for which the population expansions were required. 

9. The UFE adjusted load profiles for the C & I, and net meter and non-net meter hourly profiles 
are then aggregated to get the final hourly rate class load profiles. 

10. Finally, the hourly rate class level load profiles are used to calculate a range of summary 
statistics and charts to support Cost of Service study. 

 

2.2 Population Frame 
To construct a population frame for the analysis, the monthly billing data for the full population 
identified above were used. Table 1 presents a summary of the population data used in the analysis 
by rate schedule.  Note, for some of the rate classes, such as residential, small and medium 
commercial, net meter and non-net meter customers were treated separately.  In addition, where 
applicable, commercial and industrial classes were treated separately. At the final stage, net meter 
and non-net meter and C & I profiles were added to estimate the final class profile. There were twelve 
system rate schedules and four non-system rate schedules and sixteen domains of interest covered in 
this study.   
 
The following summarizes the system rate class from Table 1: 
 

1. Schedule 7: Residential  

2. Schedules 8 & 24: Secondary Voltage General Service with demands of 50 kW or less, 

3. Schedules 11 & 25: Secondary Voltage General Service “Small” demands between 50 
kW and 350 kW, 

4. Schedules 12& 26: Secondary Voltage General Service “Large” demands greater than 
350 kW,  

5. Schedule 5: Sale for resale customer 

6. Schedule 29: Secondary Voltage Seasonal Irrigation & Drainage Pumping Service, 

7. Schedules 10 & 31: Primary Voltage General Service, 

8. Schedule 35: Primary Voltage Seasonal Irrigation & Drainage Pumping Service, 

9. Schedule 43: Primary Voltage Interruptible Service for Total Electric Schools,         

10. Schedule 46: High Voltage Interruptible Service,  and 

11. Schedule 49: High Voltage General Service. 

12. Schedule 50-59: Area lighting and Street Lighting 
 
In addition, hourly load profiles were developed for four non-system tariff rate classes: 
 

13. Schedule 449HV - Retail Wheeling High Voltage, 
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14. Schedule 449PV - Retail Wheeling Primary Voltage, 
15. Schedule 459 - Back-up Generation, 
16. Special Contract – Retail Wheeling and Distribution Service. 

 

2.3 Available Sample Data and Case Weights 
The project used hourly data available for the full complement of customers for the period July 1, 
2022 through June 30, 2023. Since the AMI deployment is not yet complete for PSE’s electric 
territory, hourly data are not available for all customers contained in the population frame.  In 
addition, data might be missing for a variety of reasons including metrology, communication issues, 
outages or equipment failure. Prior to analysis, the available sample data are subjected to a series of 
quality checks.  This is termed the validation, editing and estimation (VEE) process. Appendix A 
provides additional detail on the VEE process checks.  During the VEE process some sites were 
removed based on specific criterion established that included: 

 Required to have data for at least 50% of the days, 

 Required to have data in the analysis year, 

 Required to have data in the last six-months, and 

 Required to have positive consumption. 

Table 2 present a summary of the hourly data available for this analysis after VEE. These tables show 
population counts, the number of customers with available daily data, and the percentage of data that 
are available and used in the analysis. Net meter customers has bi-directional energy flows; one 
direction is from grid to meter (delivered energy) and another direction is from meter to grid (received 
energy). For these customers, only those devices that have complete data for both directions are 
included in the analyses. Overall, 99% of the device locations with hourly data were used for analyses, 
however the percentage coverage varies across rate schedules from 32% to 100%. 
 

 

Table 2 – Number of Device Locations Used for Class Load Profiling after VEE 
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2.4 Annual Sales by Rate Class 
Table 3 shows the number of accounts, total annual sales in kWh, and the average annual kWh sales 
per account in each rate class for the study period of July, 2022 to June, 2023.  
 
 

 

Table 3 – Population Counts4 and Consumption5 Data6 

 
The Residential class (Schedule 7) contains 1,071,481 accounts (88% of all accounts) with a total 
annual energy use of 11,731 GWh (54.24% of the total system energy use).  The average annual use 
per residential customer is 10,949 kWh. The small and medium general service contains 11% of all 
accounts with a total energy use of 5,823 GWh (27% of total system energy use). The large general 
service class contains 0.1% of all accounts with a total annual energy use of 1,823 GWh (8.43% of 
total system energy use). 
 
Among the non-system rate classes, retail wheeling accounts for 73% of total non-system energy use 
and special contract class accounts for 13.97% of total non-system energy use.  
 
Figure 1 shows how the total PSE system loads are composed of the class loads during the annual 
system peak demand week.  As shown in the graph, the Residential class contributes to the largest 
share of the system peak demand and the Small C&I class is the second largest contributor to the 
system peak.  Figure 1 also superimposes non-system loads on top of the system loads to illustrate 
the total loads transmitted by PSE during its system peak week.  
 

 
4 Number of Accounts is average of monthly account counts for the test period ranging from July, 2022 to June, 2023. 
5 Total Annual Energy Use is the annual delivered energy sales (billed & unbilled) for the test period from July, 2022 to 
June, 2023. 
6 Note, this analyses does not account for the customer migration that takes place beyond the test year of June 30, 2023. 
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Figure 1 – Composition of System Load during Annual System Peak Week 

 

3.  SYSTEM AND CLASS LOAD PROFILES 
 
This section presents the total system load and final shapes for each system rate classes. The final 
shapes for the system rate classes reflects hourly loads after loss and reconciled to the system load 
which are developed by using the validated and compiled data from Section 2.3Error! Reference 
source not found.. The non-system load profiles are obtained after applying the loss factor to the 
validated data but they do not go through population expansion and system reconciliation steps. The 
average loss factors applied to different rate classes are shown in Table 4. 
 

Exh. CD-3 
Page 12 of 74



 

 ________________________________________________________________________________________________  
 Page 13 January 2024 
 

 

Table 4 – Estimated Loss Factor by Rate Class 

 

3.1     Total System Load  
This section described the system load for the study year. Figure 2 presents a two-dimensional time 
series plot of the PSE system load during the 12-month period ending June 30, 2023. Figure 2 also 
shows a vertical EnergyPrint, and illustrates energy use intensity by hour, day and month. In the 
vertical EnergyPrint, the days are measured on the y-axis and hours of the day on the x-axis.  The 
load is displayed using the color scale shown on the top of the plot. In this case, the EnergyPrint 
shows that the PSE system load is winter peaking with the highest demands in the early morning (i.e., 
6AM to 9AM) and early evening (i.e., 5 PM to 8 PM) periods during the months of November through 
March.  The PSE system load peaked at 4,807 MW on Thursday December 22, 2022, at 6 PM.  
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Figure 2 – PSE System Load 

 
Table 5 summarizes the monthly statistics from the system loads for the twelve months ending June 
30, 2023.  The total monthly peak demand varied from a low of 3,044 MW in September 2022 to the 
high of 4,807MW in December 2022.  The monthly load factor of the system varied from 62% to 
73.6%. 
 

 

Table 5 – Monthly System Total and Peak Demands 
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Figure 3 – Monthly System Energy, Demand and Load Factor 
 

Figure 3 presents monthly system energy requirement, peak demand and load factor in graphics. 
Figure 4 shows the 24-hour profile of the total system load on the day when PSE system hit its annual 
peak load. The annual peak load day happens usually in the winter and is bi-modal with mid-morning 
and early evening peaks.  Winter is defined as the October through May period with summer defined 
as June through September.    
  

 

Figure 4 – Hourly Load Profile on Annual System Peak Day (December 22, 2022) 

 

3.2  Residential Class (Schedule 7) 
The residential class profiles are estimated by using data for all customers for which AMI data were 
available. Since residential class consists of many net meter customers, the class profiles are 
estimated separately for net meter and non-net meter customers and then added up to get the final 
class profile. The non-net meter class profiles are based on 99.6% of the population data and hence 
no post stratification was needed. For the net meter profiles, 52% of the population had interval data 
and therefore class profiles were estimated by expanding the sample data via post-stratification. Table 
6 presents the post-stratification done for sample expansion to population using a case weighting 
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scheme for the net meter customers. The table shows population count, number of sample points and 
case weight by annual energy usage bracket.   For net meter customers, the delivered energy was used 
as the stratification variable.  
 

 

Table 6 – Residential Class Post-Stratification 

 
In the second stage of analysis, the line loss factor of 7.64% estimated for the Residential class was 
applied to the hourly load estimated at a premise metering point. The estimated line loss factor is an 
annual average loss factor and was applied uniformly to all 8,760 hourly loads estimates for each 
customer types.  The hourly load estimates including line losses were preliminary estimates of 
residential class’s contribution to system’s hourly demand.  Finally, the residential hourly load 
estimates are reconciled to the system hourly loads by allocating the unaccounted for energy (UFE) 
to the Residential class on the basis of preliminary percentage estimate of its contribution to the 
system demand for that particular hour. 
 
Figure 5 presents the results of the reconciled hourly expansion analysis for the Residential class. The 
figure displays the EnergyPrint to the left of a more standard two-dimensional x-y plot. The vertical 
form of the EnergyPrint displays time on the x-axis, day of the year on the y-axis and the magnitude 
of the load on the z-axis. The magnitude of load is displayed as a color gradient with low levels of 
load in the black-blue spectrum and high levels of load in the yellow-white spectrum. The dominance 
of the winter load is clearly evident with bi-modal peaks occurring in the morning and early evening 
periods. The Residential class peak 3,130 MW occurred at 6 PM on Thursday, December 22, 2022, 
which coincided with system peak day and time. 
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Figure 5 – Residential Class Total Load 

 
Figure 6 presents the Residential class load during the system peak week of Sunday, December 18, 
2022, through Saturday, December 24, 2022.  The Residential class had a coincidence factor of 100% 
because class peak occurred at the same time of system peak, which was at 6 PM on Thursday 
December 22, 2022. 
  

 

Figure 6 – Residential Class: Total Load during System Peak Week 
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Figure 7 presents the monthly Residential class energy consumption, peak demand and load factor in 
graphics. 
 

 

Figure 7 – Residential Class: Monthly Energy, Demand and Load Factor 

 
Achieved precision associated with the Residential class analysis can be evaluated in terms of the 
deviation of the sum of Residential class hourly loads net of losses estimated for the 12 months ending 
June 2023 from the total actual sales to the class in the same 12-month period.  The sum of estimated 
Residential hourly loads net of losses is 11,350,281 MWh, 3.25% lower than the actual delivered 
Residential energy sales of 11,731,755 MWh.  The implied error percentage is significantly lower 
than the maximum error margin of ±10% tolerated in a typical load research practice.  
 
Table 7 presents summary statistics for the Residential class load after applying losses and 
reconciliation to the system load. The table displays class totals and includes monthly energy use, 
timing of the class peak demand, magnitude of the class peak demand, average demand, load factor 
based on the class peak demand, timing of the system peak and class load at the time of system peak 
(i.e., class system-coincident peak load) and coincidence factor calculated as the class coincident 
peak divided by the class non-coincident peak demand. In addition, the table displays other summary 
characteristics including: 

 12-month average coincident peak contribution; 

 Average class demand associated with top 12, 75 and 200 system peak hours;  

 Average class demand associated with top 12, 75 and 200 class peak hours; and 

 4 winter-month (Nov. –Feb.) average coincident peak contribution. 
 
Residential monthly class non-coincident peak (NCP) load factors ranged from a low of 49.6% in 
July 2022 to a high of 70% in March, 2023.  The Residential load coincides heavily with the system 
peak displaying a system peak coincidence factor of at or over 90% for all of the 12 months of the 
study period, with the maximum of 100% occurring in four out of twelve months.  
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Table 7 – Residential Class: Summary Statistics (Totals – kW)  

Table 8 presents the data on an average-per-customer basis.  The average Residential customer used 
11,469 kWh during the 12 months ending June 2023 and had an annual peak demand of 2.92 kW.  
 

 

Table 8 – Residential Customer: Summary Statistics (Means – kW) 

Exh. CD-3 
Page 19 of 74



 

 ________________________________________________________________________________________________  
 Page 20 January 2024 
 

3.3  Schedule 05 Sales for Resale 
The interval load data were collected from all of the eight resale metering device locations under 
Schedule 05.  The interval load data were verified, edited and integrated to form an hourly load shape.  
Since the interval load data cover the whole population of the sales for resale customers, there is no 
need for sample post-stratification and expansion.  In the next step, an average loss factor of 4.49% 
was applied to the hourly load data to produce the class hourly load profile with losses.  The estimated 
average loss factor by rate schedule is presented in Table 4.      
 
Figure 8 presents the total load for Schedule 05.  The figure displays the EnergyPrint to the left of a 
two-dimensional x-y plot.  The dominance of the winter load is clearly evident.  The Schedule 05 
class load peaked on December 22, 2022 at 9 PM.  The peak demand was 3,096 kW. 
 

 

Figure 8 – Schedule 05: Class Total Load 

 
Figure 9 presents Schedule 05 class loads during the system peak week of Sunday, December 18, 
2022 through Saturday, December 24, 2022.  The total Schedule 05 load at the time of the system 
peak was 2,598 kW. 
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Figure 9 – Schedule 05: Total Load during System Peak Week 

 
Figure 10 presents the monthly Sales for Resale class energy consumption, peak demand and load 
factor in graphics.  
 

 

Figure 10 – Schedule 05: Class Monthly Energy, Demand and Load Factor 

 
Achieved precision associated with the deem profiles are perfect. Since population data are available 
for all customers and they are all reconciled with the delivered load, the precision is perfect for this 
class. 
 
Table 9 presents system total summary statistics for the Schedule 05 class load.  The table displays 
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average 
demand, load factor based on the class peak demand, timing of the system peak and class load at the 
time of system peak and the coincidence factor calculated as the class system-coincident load divided 
by the class peak.  In addition, the table displays other summary characteristics, such as 12-month 
average coincident peak contribution and class peaks, 4 winter-month average coincident peak 
contribution, average values of the top 12, 75 and 200 class peaks and the class loads at top  12, 75 
and 200 system peak hours.  Monthly NCP load factors ranged from a low of 43.6% to a high of 
70.1% in August, 2022.  The Schedule 05 load is fairly coincident with the system peak during the 
peak winter season displaying system peak coincidence factors of 83.9%. 
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Table 9 – Schedule 05 Class: Summary Statistics (Totals – kW) 

 
Table 10 presents the data on an average-per-customer basis.  For Schedule 05, the average annual 
use per account is 907,804 kWh with average annual peak demand of 386.96 kW. 
 

 

Table 10 – Schedule 05 Customer: Summary Statistics (Means – kW) 
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3.4  Schedules 8 & 24 Small General Service  
For small general service non-net meter commercial class, all available data were used and hence no 
post-stratification was done to this data. For commercial net-meter customers, about 39% of the 
population data were available and for Industrial non-net meter, about 60%; and for net meter classes, 
about 67% of the data were available. For these classes, the sample data were expanded by post-
stratification. Table 11 presents the post-stratification used in the sample expansion analysis for 
commercial net-meter class and Industrial net-meter and non-net meter classes.  The table shows 
population count, number of sample points and the case weight by annual energy usage bracket. The 
stratification is done separately for each type of customer, net meter, non-net meter types as well as 
by Commercial and Industrial customers. For net meter customers, the delivered energy was used as 
the stratification variable.  
  

 

Table 11 – Schedules 8 & 24: Post-Stratification 

 
In the next step, the average loss factor estimated for Schedules 8 & 24 was applied to the hourly 
expansions to produce the class hourly load profile with losses.  As shown in Table 4, the average 
loss factor estimated for the Small General Service class is 10.08%. 
 
The hourly load estimates including line losses were preliminary estimates of the Small General 
Service class’ contribution to system’s hourly demand. In the final stage of the analysis, the 
unaccounted for energy (UFE) was allocated to the Schedules 8 & 24 based on preliminary percentage 
estimate of its contribution to the system demand for that particular hour. 
 
Figure 11 presents the Schedules 8 & 24 class load.  The figure displays the EnergyPrint to the left 
of a two-dimensional x-y plot.  The figure shows dominance of early morning winter load.  The Small 
General Service class peak occurred on the system peak day, December 22 at 11 AM. The peak 
demand was about 616.7 MW. 
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Figure 11 – Schedules 8 & 24: Class Total Load 

   
Figure 12 presents the Small General Service class load during the system peak week of Sunday, 
December 18, 2022 through Saturday, December 24, 2022.  The Small General Service class peak 
coincides with the system peak day with a coincidence factor or 89.4%.   

 

  

Figure 12 – Schedules 8 & 24: Total Load during System Peak Week 
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Figure 13 presents the monthly Small General Service class energy consumption, peak demand and 
load factor in graphics.  
 

  

Figure 13 – Schedules 8 & 24: Class Monthly Energy, Demand and Load Factor 

 
Achieved precision associated with the Small General Service class analysis can be evaluated in terms 
of the deviation of the annual sum of estimated class hourly loads net of losses from the total actual 
sales to the class in the same period.  The sum of estimated hourly loads net of losses was 2,689,120 
MWh, 3.84% lower than the actual class sales of 2,796,488 MWh. 
 
Table 12 presents summary statistics for the Schedules 8 & 24 total class load.  The table displays 
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average 
demand, load factor based on the class peak demand, timing of the system peak and class load at the 
time of system peak and the coincidence factor calculated as the class system-coincident load divided 
by the class peak.  In addition, the table displays other summary characteristics, such as 12-month 
and 4-month average coincident peak contributions, and average values of the top 12, 75 and 200 
class peaks and the class loads at top 12, 75 and 200 system peak hours.  Monthly NCP load factors 
range from a low of 62.2% in July, 2022 to a high of 73.5% in October, 2022.  The coincidence 
factors for Schedules 8 & 24 are over 90% for six out of twelve months and over 80% for all twelve 
months.   
 

 

Table 12 – Schedules 8 & 24 Class: Summary Statistics (Totals – kW) 

 
Table 13 presents the data on an average-per-customer basis.  For Schedules 8 & 24, the average 
annual use per customer is 23,777 kWh with annual average peak demand of 4.90 kW. 
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Table 13 – Schedules 8 & 24 Customer: Summary Statistics (Means – kW) 
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3.5  Schedules 11 & 25 Medium General Service  
For medium general service, commercial net meter class had interval data for 53% of the population, 
commercial non-net meter had 47% and Industrial non-net meter had 50% population coverage. The 
class profiles are developed using sample expansion analyses, since 50% or more customers’ interval 
data were not available.  Table 14 presents the post-stratification used in the sample expansion 
analysis.  The table shows population count, number of sample points and the case weight by annual 
energy usage bracket. The stratification is done separately for Commercial non net-meter, 
commercial net meter and Industrial customers types.  
 

 

Table 14 – Schedules 11 & 25: Post-Stratification 

 
In the next step, the average loss factor estimated for the Medium General Service class was applied 
to the hourly expansions to produce the class hourly load profile with losses.  As listed in Table 4, 
the estimated average loss factor for Schedules 11 & 25 is 10.04%.  In the final step, the unaccounted 
for energy (UFE) was allocated to the Schedules 11 & 25 based on preliminary percentage estimate 
of its contribution to the system demand for that particular hour. 
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Figure 14 presents the total load for Schedules 11 & 25.  The figure displays the EnergyPrint to the 
left of a two-dimensional x-y plot.  Due to space heating and cooling loads, the Schedules 11 & 25 
load profile shows that its mid-winter and mid-summer loads tend to be higher than other seasonal 
loads.  The Schedules 11 & 25 class load peaked on Thursday, December 22 at 11 AM.  The class 
peak demand was 605 MW. 
 

 

Figure 14 – Schedules 11 & 25: Class Total Load 

 
Figure 15 presents the Schedules 11 & 25 class load during the system peak week of Sunday, 
December 22, 2022 through Saturday, December 24, 2022.  For this rate class, class peak occurs 
same day as the system peak day but at a different hour.   
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Figure 15 – Schedules 11 & 25: Total Load during System Peak Week 

 
Figure 16 presents the monthly Medium General Service class energy consumption, peak demand 
and load factor in graphics.  The monthly peak loads in December and July were winter and summer 
seasonal peak loads. 
 

 
 

Figure 16 – Schedules 11 & 25: Class Monthly Energy, Demand and Load Factor 

 
Achieved precision associated with the Medium General Service class analysis is evaluated in terms 
of the deviation of the annual sum of the class hourly loads net of losses estimated for the study period 
from the total actual sales to the class during the same period.  The sum of estimated hourly loads net 
of losses was 2,906,630 MWh, 3.97% lower than the actual class sales of 3,026,718 MWh.  The 
percentage of error is much less than the maximum error margin of ±10% tolerated in a typical load 
research practice. 
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Table 15 presents summary statistics for the Schedules 11 & 25 class load.  The table displays 
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average 
demand, load factor based on the class peak demand, timing of the system peak and class load at the 
time of system peak and the coincidence factor calculated as the class system-coincident load divided 
by the class peak.  In addition, the table displays other summary characteristics, such as 12-month 
and 4-month average coincident peak contributions, and average values of the top 12, 75 and 200 
class peaks and the class loads at top 12, 75 and 200 system peak hours.  Monthly NCP load factors 
varies from a low of 62.1% to a high of 68.2% in April, 2023.  Monthly system coincidence factor of 
Schedule 11 & 25 load fluctuates form 77.1% in October, 2022 to 100% in January, 2023. 
  

 

Table 15 – Schedules 11 & 25 Class: Summary Statistics (Totals – kW) 

 
Table 16 presents the data on an average-per-customer basis.  For Schedule 25, the average annual 
use per customer is 390 MWh with annual average peak demand of 74.16 kW. 
 

 

Table 16 – Schedules 11 & 25 Customer: Summary Statistics (Means – kW) 

 

3.6   Schedules 12 & 26 Large General Service  
For Large General Service class, about 64% of the population had interval data, therefore the sample 
interval data available for analyses were expanded by post-stratifying for Schedules 12 & 26. The 
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net-meter profiles for schedule 26 were not estimated due to unavailability of sufficient data. Table 
17 presents the post-stratification used in the sample expansion analysis for both commercial and 
industrial customers.  The table shows population count, number of sample points and the case weight 
by annual energy usage bracket.  
 

 

Table 17 – Schedules 12 & 26: Post-Stratification 

 
In the second step, the average loss factor estimated for Schedules 12 & 26 was applied to the hourly 
expansions to produce the class hourly load profile with losses.  As seen in Table 4, the estimated 
average loss factor for the Large General Service class is 10.03%. In the final step, the unaccounted 
for energy (UFE) was allocated to the Schedules 12 & 26 based on preliminary percentage estimate 
of its contribution to the system demand for that particular hour. 
 
Figure 17 presents the total load for the Schedules 12 & 26 class.  The figure displays the EnergyPrint 
to the left of a two-dimensional x-y plot.  The Schedules 12 & 26 class load shows comparatively 
higher in the day time during summer months.  The Large General Service class load peaked on 
Tuesday, August 30, 2022 at 3 PM.  The class peak demand was 347.6 MW. 
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Figure 17 – Schedules 12 & 26: Class Total Load 

Figure 18 presents the Schedule 12 & 26 class loads during the system peak week of Sunday, 
December 18, 2022 through Saturday, December 24, 2022.  At the system peak day and hour, the 
class demand was 283.5 MW, or 89% of the class peak demand of 347.6 MW. 
 

 
 

Figure 18 – Schedules 12 & 26: Total Load during System Peak Week 
 
Figure 19 presents monthly Schedules 12 & 26 class energy consumption, peak demand and load 
factor in graphics.  The total consumptions shows variability across months however peak hourly 
demands are primarily in the peak summer months.   
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Figure 19 –Schedules 12 & 26: Class Monthly Energy, Demand and Load Factor 

 
Achieved precision of the Large General Service class analysis is evaluated in terms of the deviation 
of the sum of the estimated class hourly loads net of losses from the total actual sales to the class 
during the 12-month study period.  The sum of estimated hourly loads net of losses was 1,753,389 
MWh, 3.85% lower than the actual class sales of 1,823,650 MWh.  The percentage of error is much 
less than the maximum tolerable error margin of ±10% set for a typical load research practice.  
 
Table 18 presents summary statistics for the Schedules 12 & 26 class load.  The table displays 
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average 
demand, load factor based on the class peak demand, timing of the system peak and class load at the 
time of system peak and the coincidence factor calculated as the class system-coincident load divided 
by the class peak.  In addition, the table displays other summary characteristics, such as 12-month 
and 4-month average coincident peak contributions, and average values of the top 12, 75 and 200 
class peaks and the class loads at top 12, 75 and 200 system peak hours.  Monthly NCP load factors 
fluctuate with a low of 69.3% in July, 2022 and a high of 74.2% in April, 2023.  The Schedules 12 & 
26 load is fairly coincident with the system peak displaying a system peak coincidence factor of over 
80% for eleven out of the 12 months. 
  

 

Table 18 – Schedules 12 & 26 Class: Summary Statistics (Totals –kW) 
 
Table 19 presents the data on an average-per-customer basis.  For Schedules 12 & 26, the average 
annual use per customer is 2,283 MWh with annual average peak demand of 407.27 kW. 
 

Exh. CD-3 
Page 33 of 74



 

 ________________________________________________________________________________________________  
 Page 34 January 2024 
 

 

Table 19 – Schedules 12 & 26 Customer: Summary Statistics (Means – kW) 
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3.7   Schedule 29 Seasonal Irrigation  
For Schedule 29, about 32% of the customers have interval load data, therefore the class profiles were 
developed by post-stratifying the data available for Schedule 29 Seasonal Irrigation and Pumping 
Service class. Table 20 presents the post-stratification used in the sample expansion analysis. 
 

 

Table 20 – Schedule 29: Post-Stratification 

 
In the next step, the average loss factor estimated for Schedule 29 was applied to the hourly 
expansions to produce the class hourly load profile.  Table 4 indicates that the estimated average loss 
factor for the irrigation rate schedule is 9.95%. In the final step, the unaccounted for energy (UFE) 
was allocated to the Schedule 29 in proportion to preliminary estimate of its contribution to the system 
demand for hour by hour. 
 
Figure 20 presents the total load for the Seasonal Irrigation and Pumping Service class.  The figure 
displays the EnergyPrint to the left of a two-dimensional x-y plot.  Dominance of the summer seasonal 
load is clearly evident.  The Seasonal Irrigation and Pumping Service class peak occurred on 
Thursday, July 28, 2022 at 3 PM.  The class peak demand was 6.1 MW.     
 

 

Figure 20 – Schedule 29: Class Total Load 
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Figure 21 presents the total Seasonal Irrigation Rate Schedule 29 loads during the system peak week 
of Sunday, December 18, 2022 through Saturday, December 24, 2022.  The system peaked on 
Thursday, December 22 at 6 PM.  The class had a system peak hour load of about 276 kW or 4.6% 
of its July peak of 6.1 MW. 
 

 
Figure 21 – Schedule 29: Total Load during System Peak Week 

 
Figure 22 shows the monthly Schedule 29 class energy consumption, peak demand and load factor 
in graphics. The Seasonal Irrigation and Pumping Service load is highest during the summer months. 
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Figure 22 –Schedule 29: Class Monthly Energy, Demand and Load Factor 

 
For Schedule 29, the sum of estimated hourly loads net of losses for the 12 months ending June 2023 
was 13,007 MWh, 4.16% lower than the actual class sales of 13,571.8 MWh. The error margin is 
again below the tolerated threshold.  
 
Table 21 presents summary statistics for the Seasonal Irrigation and Pumping Service load.  The table 
displays monthly energy use, timing of the class peak demand, magnitude of the class peak demand, 
average demand, load factor based on the class peak demand, timing of the system peak and class 
load at the time of system peak and the coincidence factor calculated as the class system-coincident 
load divided by the class peak.  In addition, the table displays other summary characteristics, such as 
12-month and 4-month  average coincident peak contributions, and average values of the top 12, 75 
and 200 class peaks and the class loads at top 12, 75 and 200 system peak hours.  Monthly load factors 
range from a low of 27.5% in April, 2022 to a high of 76.4% in August, 2022.  Seasonal Irrigation 
load is highly coincident with the system peak during the months of May, June, July, August, and 
September with a coincidence factor over 85% in each of these months. 
 

 

Table 21 – Schedule 29 Class: Summary Statistics (Totals – kW) 

 
Table 22 presents the data on an average-per-customer basis.  The average annual use per customer 
in Rate Schedule 29 is 23,065 kWh with annual average peak demand of 9.68 kW. 
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Table 22 – Schedule 29 Customer: Summary Statistics (Means – kW) 
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3.8  Schedules 10 & 31 Primary General Service  
For Schedules 10 & 31 Large Primary General Service class, about 62% of the customers have 
interval load data, therefore the class profiles were developed by post-stratifying the data available. 
Table 23 presents the post-stratification used in the sample expansion analysis for both commercial 
and industrial class. 
 

 

Table 23 – Schedules 10 & 31: Post-Stratification 

 
In the next step, the average loss factor estimated for the primary voltage general service class was 
applied to the hourly expansions to produce the class hourly load profile.  According to Table 4, the 
estimated average loss factor for Schedules 10 & 31 is 4.45%. Finally, the unaccounted for energy 
(UFE) was allocated to the Schedules 10 & 31 in proportion to preliminary estimate of its contribution 
to the system demand on an hourly basis. 
 
Figure 23 presents the total load for the Schedules 10 & 31 class.  The figure displays the EnergyPrint 
to the left of two-dimensional x-y plot.  An overall consistency of the load throughout the year is 
clearly visible in the EnergyPrint.  The Schedules 10 & 31 class peak occurred on Monday, August 
30, 2022 at 3 PM.  The class peak demand was 233.8 MW.  
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Figure 23 – Schedules 10 & 31 Class Total Load 

 
Figure 24 presents Schedules 10 & 31 class load during the system peak eek of Sunday, December 
18, 2022 through Saturday, December 24, 2022.  The system peaked on Thursday December 22, 2022 
at 6 PM. The class had a system peak hour load of 189.8 MW or 81.2% of the class peak demand of 
233.8 MW. 
 

 
 

Figure 24 – Schedules 10 & 31: Total Load during System Peak Week 
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Figure 25 presents the monthly Schedules 10 & 31 class energy consumption, peak demand and load 
factor in graphics.  Total monthly consumption as well as peak consumption fluctuate from month to 
month. Monthly load factor is around 70% across the months in the year. 
 

 

Figure 25 – Schedules 10 & 31: Class Monthly Energy, Demand and Load Factor 

 
Achieved precision of the Primary General Service class analysis is reflected in the difference 
between the sum of the estimated class hourly loads net of losses and the total actual sales to the class 
in the study period.  The sum of estimated hourly loads net of losses was 1,347,106.7 MWh, 3.04% 
lower than the actual class sales of 1,389,392 MWh.  The percentage of error is less than the 
maximum error margin of ±10% accepted in a typical load research practice. 
 
Table 24 presents summary statistics for the Schedules 10 & 31 class load.  The table displays 
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average 
demand, load factor based on the class peak demand, timing of the system peak and class load at the 
time of system peak and the coincidence factor calculated as the class system-coincident load divided 
by the class peak.  In addition, the table displays other summary characteristics, such as 12-month 
and 4-month average coincident peak contributions, and average values of the top 12, 75 and 200 
class peaks and the class loads at top 12, 75 and 200 system peak hours.  The Schedules 10 & 31 load 
is fairly coincident with the system peak displaying a system peak coincidence factor of over 80% 
for 10 of the 12 months.  
 

 

Table 24 – Schedules 10 & 31 Class: Summary Statistics (Totals – kW) 

 
Table 25 presents the data on an average-per-customer basis.  For a Schedules 10 & 31, the average 
use per customer is 2,812,658 kWh with annual average peak demand of 466.50 kW. 

Exh. CD-3 
Page 41 of 74



 

 ________________________________________________________________________________________________  
 Page 42 January 2024 
 

 

 

Table 25 – Schedules 10 & 31 Customer: Summary Statistics (Means – kW) 
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3.9   Schedule 35 Primary Seasonal Irrigation  
The Schedule 35 Primary Seasonal Irrigation is one of the deem profiles with almost 99% of its 
interval load data available and hence this data did not go through a population expansion process. 
The estimated average loss factor applied to the class load is 4.52%, according to Table 4. 
 
Figure 26 presents the total load for the Schedule 35 class.  The figure displays the EnergyPrint to 
the left of two-dimensional x-y plot.  The dominance of the summer seasonal load is obvious with 
almost no load during the winter months.  The Schedule 35 class peak occurred on Wednesday, 
August 17, 2022 at 10 PM.  The class peak demand was 13.4 MW. 
 

 

Figure 26 – Schedule 35: Class Total Load 

 
There was almost no demand during the system peak week of December 18 – December 24, 2023, 
hence not displayed. 
 
Figure 27 presents the monthly Schedule 35 class energy consumption, peak demand and load factor 
in graphics.  As shown in the graphs, Schedule 35 load is highly summer seasonal with virtually no 
load during the winter period.   
 

 

Figure 27 – Schedule 35: Class Monthly Energy, Demand and Load Factors 
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Since population data are available for all customers and they are all reconciled with the total sales, 
the precision is almost perfect for this class. 
 
Table 26 presents summary statistics for the Schedule 35 class.  The table displays monthly energy 
use, timing of the class peak demand, magnitude of the class peak demand, average demand, load 
factor based on the class peak demand, timing of the system peak and class load at the time of system 
peak and the coincidence factor calculated as the class system-coincident load divided by the class 
peak.  In addition, the table displays other summary characteristics, such as 12-month and 4-month 
average coincident peak contributions, and average values of the top 12, 75 and 200 class peaks and 
the class loads at top 12, 75 and 200 system peak hours. The class displays virtually no load in the 
winter months therefore the class load at the system peak was merely 1 kW.  
 

 

Table 26 – Schedule 35 Class: Summary Statistics (Totals – kW) 

 

Although currently two customers are served under the Primary Seasonal Irrigation class, because of 
the dominance of one customer no summary table is presented on a per-customer basis. 

 

3.10   Schedule 43 Interruptible Primary Service for Electric 
Schools  

For Schedule 43 Interruptible Primary Service for Electric Schools class, interval data were available 
for about 70% of the population. Therefore the class profiles were developed by expanding the 
available sample data to the population level by post-stratification.  Table 27 presents the post-
stratification used in the sample expansion analysis. 
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Table 27 – Schedule 43: Post-Stratification 

 
In the second step, the average loss factor estimated for Schedule 43 was applied to the hourly 
expansion. As stated in Table 4, the estimated average loss factor is 4.39%. 
 
Figure 28 presents the total load for the Schedule 43 class.  The figure displays the EnergyPrint to 
the left of two-dimensional x-y plot.  The dominance of the winter seasonal load and the summer 
shut-down of schools are clearly evident.  The Schedule 43 class peak occurred on Tuesday, January 
30, 2023 at 10 AM.  The class peak demand was 52.7 MW.   
 

Figure 28 – Schedule 43: Class Total Load 

 
Figure 29 presents the total Schedule 43 load during the system peak week of Sunday, December 18, 
2022 through Saturday, December 24, 2022. The class had a system peak hour load of 31.4 MW or 
59.6% of the class peak demand of 52.7 MW. 
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Figure 29 – Schedule 43: Total Load during System Peak Week 

 
Figure 30 presents the monthly Schedule 43 class energy consumption, peak demand and load factor 
in graphics.  As shown in the graphs, the Interruptible Primary Service load of all-electric schools is 
highly seasonal with electric space-heating load in the winter months.  The loads in July and August 
are substantially lower, reflecting the annual summer break at schools. 

 

   

Figure 30 – Schedule 43: Class Monthly Energy, Demand and Load Factor 

 
Achieved precision of the Interruptible Primary Service class analysis can be evaluated in terms of 
the difference between the sum of the estimated class hourly loads net of losses for the study period 
and the total actual sales to the class in the same period.  The sum of estimated hourly loads net of 
losses was 122,431.8 MWh, 2.91% lower than the actual class sales of 126,106.8 MWh.  The 
percentage of error is substantially lower than the maximum tolerable error margin of ±10% allowed 
in a typical load research practice. 
 
Table 28 presents summary statistics for the Schedule 43 class load.  The table displays monthly 
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand, 
load factor based on the class peak demand, timing of the system peak and class load at the time of 
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system peak and the coincidence factor calculated as the class system-coincident load divided by the 
class peak.  In addition, the table displays other summary characteristics, such as 12-month and 4-
month average coincident peak contributions, and average values of the top 12, 75 and 200 class 
peaks and the class loads at top 12, 75 and 200 system peak hours. The monthly NCP load factor 
tends to be low and ranges from a low of 36% in April, 2023 to a high of 49% in July, 2022.  The 
system coincidence factors fluctuate from 45.4% in May 2023 to 100.0% in February, 2023.    
 

 

Table 28 – Schedule 43 Class: Summary Statistics (Totals – kW) 

 
Table 29 presents the data on an average-per-customer basis.  The annual average use per customer 
for Schedule 43 is estimated to be 893 MWh with annual average peak demand of 367.7 kW. 
 

 

Table 29 – Schedule 43 Customer: Summary Statistics (Means – kW) 

   

3.11    Schedule 46 High Voltage Interruptible Service 
Since the 15-minute interval load data are available for all of the loads on Schedule 46, the Schedule 
46 High Voltage Interruptible Service class hourly loads were calculated on the basis of the actual 
interval load data collected for population.  Finally, the average loss factor estimated for the high 
voltage interruptible service was applied to the hourly loads. Table 4 shows that the estimated average 
loss factor is 1.83%. 
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Figure 31 presents the total load for the Schedule 46 class.  The figure displays the EnergyPrint to 
the left of two-dimensional x-y plot.  No significant seasonality is observed with this class load.  The 
Schedule 46 class peak occurred on Thursday July 21, 2022 at 12 PM.  The class peak demand was 
20.9 MW.  
 

 
Figure 31 – Schedule 46: Class Total Load 

 
Figure 32 presents the total Schedule 46 class load for the system peak week of Sunday, December 
18, 2022 through Saturday, December 24, 2022. The class had a system peak hour load of 8.8 MW, 
or 41.9% of the July class peak demand of 20.9 MW. 
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Figure 32 – Schedule 46: Total Load during System Peak Week 

 
Figure 33 shows the monthly energy consumption, peak demand and load factor of the Schedule 46 
class in graphics.  As illustrated in the graphs, the interruptible high voltage service load of Schedule 
46 tends to have slightly higher load in the summer than in the winter, 
 
 

  

Figure 33 – Schedule 46: Class Monthly Energy, Demand and Load Factor 

 
The achieved precision is expected to be perfect since the interval load data for all of the customers 
in this rate class were available for the full twelve-month period examined. 
 
Table 30 presents summary statistics for the Schedule 46 class load.  The table displays monthly 
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand, 
load factor based on the class peak demand, timing of the system peak and class load at the time of 
system peak and the coincidence factor calculated as the class system-coincident load divided by the 
class peak.  In addition, the table displays other summary characteristics, such as 12-month and 4-
month average coincident peak contributions, and average values of the top 12, 75 and 200 class 
peaks and the class loads at top 12, 75 and 200 system peak hours. The class displays little volatility 
in its monthly energy use and peak demand.  The monthly class load factors range from a low of 
53.2% in January 2023 to a high of 77.4% in July, 2022.  The load is coincident with the system peak 
with a coincidence factor over 70% for 4 of the 12 months. 
  

 

Table 30 – Schedule 46 Class: Summary Statistics (Totals – kW) 
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Since only six customers are served under the Interruptible High Voltage Service rate, no summary 
table is presented on a per-customer basis. 
 
 

3.12  Schedule 49 High Voltage General Service 
Since all of the customers in the High Voltage General Service class are metered with interval load 
readings, the entire load data for the class was used for the class hourly load profiling.    The average 
loss factor estimated for the class was applied to the hourly loads. Table 4 shows that the estimated 
average loss factor is 1.69%. 
 
Figure 34 presents the results for the Schedule 49 class.  The figure displays the EnergyPrint to the 
left of two-dimensional x-y plot. The annual load profile does not show much seasonality across 
months. The Schedule 49 class peak occurred on Thursday, June 7, 2023 at 2 PM.  The class peak 
demand was 80.5 MW.  

 

Figure 34 – Schedule 49: Class Total Load 

 
 Figure 35 presents the total Schedule 49 class load for the system peak week of Sunday, December 
18, 2022 through Saturday, December 24, 2022.  The class had a system peak hour load of 65.8 MW 
or 81.7% of the June class peak demand of 80.5 MW. 
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 Figure 35 – Schedule 49: Total Load during System Peak Week 

 
Figure 36 presents the monthly energy consumption, peak demand and load factors of the Schedule 
49 class in charts.  As shown in the charts, the High Voltage General Service loads were stable 
throughout the year and the percentage difference between the highest monthly peak of 80.5 MW and 
the lowest monthly peak load of 74.4 MW was only 8%.  
 

 
 

Figure 36 – Schedule 49: Class Monthly Energy, Demand and Load Factor 

 
The achieved precision for this class was perfect since the interval load data for all of the customers 
in this rate class were available for the full twelve-month period examined. 
 
Table 31 presents summary statistics for the Schedule 49 class load.  The table displays monthly 
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand, 
load factor based on the class peak demand, timing of the system peak and class load at the time of 
system peak and the coincidence factor calculated as the class system-coincident load divided by the 
class peak.  In addition, the table displays other summary characteristics, such as 12-month and 4-
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month average coincident peak contributions, and average values of the top 12, 75 and 200 class 
peaks and the class loads at top 12, 75 and 200 system peak hours. The monthly class NCP load 
factors are high and stable, ranging from a low of 78.2% in June, 2023 to a high of 84.8% in January. 
2023.  The load is highly coincident with the system peak with a coincidence factor over 85% for all 
of the 12 months. 
 

 

Table 31 – Schedule 49 Class: Summary Statistics (Totals – MW) 

 
Table 32 presents the data on an average-per-customer basis.  There were about 17 customers under 
Schedule 49 during the study period.  The average use per customer in the class is estimated to be 
32,653 MWh with annual average peak demand of 4,736 kW. 
 

 

Table 32 – Schedule 49 Customer: Summary Statistics (Means – kW) 
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3.13    Schedules 50-59 Area and Street Lighting 
The Area and Street Lighting hourly load profiles were produced by allocating the energy sales to 
those customer classes billed during the study period to each day and hour, based on the daily and 
hourly lighting energy requirements calculated with the lighting fixture and capacity data and the 
daily sunset and sunrise times. The portion of traffic lighting energy use was estimated with the traffic 
lighting fixture and wattage data for the study period. PSE started installing metered smart lights 
starting mid to late 2022, however, clean and consistent meter reading for the smart lights are not 
available for most of the study period. Therefore, for this rate case, PSE continues to estimate the 
lighting profiles as in the previous general rate case studies. 
 
Average loss factor estimated for the Area and Street Lighting classes was applied to the hourly load 
estimates. The estimated loss factor is 10.87%. 
 
Figure 37 and Figure 38 present the class total load results for the two lighting classes.  The figure 
displays the EnergyPrint to the left of two-dimensional x-y plot.  The lighting loads track the 
nighttime hours. Both the Area Lighting class load and the Street Lighting class load reach their peaks 
after the sunset and stay at the peak levels during the nighttime hours.  The Area Lighting class peak 
was 1.5 MW, while the Street Lighting class peak was 15.7 MW. 

 

 

Figure 37 – Area Lighting: Class Total Load 
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Figure 38 – Street Lighting: Class Total Load 

 
Figure 39 and Figure 40 present the total loads of the lighting classes for the system peak week of 
Sunday, December 18, 2022 through Saturday, December 24, 2022. The Area Lighting class and 
street lighting, both had system coincident peak demand is same as the class peak demand resulting 
in a 100% coincidence factor.  
 

 

Figure 39 – Area Lighting: Total Load during System Peak Week 
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Figure 40 – Street Lighting: Total Load during System Peak Week 

 
Figure 41 and Figure 42 presents the monthly energy consumption, peak demand and load factors of 
the lighting classes in charts.  As reflected in the monthly energy consumption  and maximum demand 
charts, the lighting classes consume more electricity in the winter months due to a longer lighting 
period, while the maximum demand stays about the same with the number of lighting fixtures and 
their wattage requirements changing rarely month to month.  
 

 

Figure 41 – Area Lighting: Class Monthly Energy, Demand and Load Factor 
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Figure 42 – Street Lighting: Class Monthly Energy, Demand and Load Factor 

 
Table 33 and Table 34 present summary statistics for the lighting classes.  Each table displays 
monthly energy use, timing of the class peak demand, magnitude of the class peak demand, average 
demand, load factor based on the class peak demand, timing of the system peak and class load at the 
time of system peak and the coincidence factor calculated as the class system-coincident load divided 
by the class peak.  In addition, the table displays other summary characteristics, such as 12-month 
and 4-month average coincident peak contributions, and average values of the top 12, 75 and 200 
class peaks and the class loads at top 12, 75 and 200 system peak hours.  The lighting class load 
factors tend to be higher in the winter months reflecting more lighting hours in the winter but the 
monthly maximum demand staying same throughout the study period. Monthly load factors ranges 
from low 30% to low to mid 60%. Monthly system coincidence factors are 100% in November and 
December, 2022, and zero or close to zero for the rest of the year. 
 
 

 

Table 33 – Area Lighting Class: Summary Statistics (Totals – kW) 
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Table 34 – Street Lighting Class: Summary Statistics (Totals – kW) 

 

4  NON-SYSTEM CLASS LOAD PROFILES 
There are four classes that are termed “non-system loads” and are included in the cost-of-service 
analysis.  These classes are considered non-system because they are transportation customers and are 
not included in PSE’s measurement of system load.  These classes include: 

 Rate 449PV – Retail Wheeling Service Primary Voltage; 

 Rate 449HV – Retail Wheeling Service High Voltage; 

 Rate 459 – Back-Up Generation; and 

 Special Contract – Retail Wheeling and Distribution Service. 
 

 Schedule 449 Primary Voltage Retail Wheeling Service  
Since all of the customers under the Schedule 449 Primary Voltage (PV) are metered with interval 
load readings, the class hourly load profile was constructed by integrating their interval load data.   
The average loss factor estimated for the class was applied to the hourly loads. As listed in Table 4, 
the estimated average loss factor is 3.82%. 
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Figure 43 presents the total load for the Schedule 449PV class.  The figure displays the EnergyPrint 
to the left of two-dimensional x-y plot.  This class displays a relatively higher load in the winter 
months than the summer months. The Schedule 449PV class peak occurred on Tuesday, August 2 at 
1 AM.  The class peak demand was 2.3 MW.   
 

Figure 43 – Schedule 449PV: Class Total Load 

 
Figure 44 presents the total Schedule 449PV class load for the system peak week of Sunday, 
December 18, 2022 through Saturday, December 24, 2022. The system peak occurred on Thursday 
December 22, 2022 at 6 PM.  The class total load was about 2 MW at the time of the system coincident 
peak which was 88.3% of the class peak. 
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  Figure 44 – Schedule 449PV: Total Load during System Peak Week 

 
Figure 45 presents the monthly energy consumption, peak demand and load factor of the Schedule 
449-PV class in charts.  As reflected in the monthly energy charts, total electric energy uses of the 
retail wheeling primary voltage customers is slightly higher in the winter months compared to the 
rest of the year.  This class also shows its monthly load factors about 80% or higher for all 12 months 
of the test year. 
 

 

Figure 45 – Schedule 449PV: Class Monthly Energy, Demand and Load Factor 

 
The achieved precision was perfect since the data for every customer in the class was available for 
the whole twelve-month period examined. 
 
Table 35 presents summary statistics for the Schedule 449PV class load.  The table displays monthly 
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand, 
load factor based on the class peak demand, timing of the system peak and class load at the time of 
system peak and the coincidence factor calculated as the class system-coincident load divided by the 
class peak.  In addition, the table displays other summary characteristics, such as 12-month and 4-
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month average coincident peak contributions, and average values of the top 12, 75 and 200 class 
peaks and the class loads at top 12, 75 and 200 system peak hours.  The monthly NCP load factor 
ranges from a low of 65.7% in April, 2023 to a high of 89% in July, 2022.  The load is fairly coincident 
with the system peak as shown by the system coincidence factors of over 80% in 11 of the 12 months 
in the study period.  
 

 

Table 35 – Schedule 449PV Class: Summary Statistics (Totals – kW)   

 
Since only one customer account is served under Schedule 449PV, no summary table is presented 
on a per-customer basis. 
  

2.5 Schedule 449 High Voltage Retail Wheeling Service  
All of the customers under the Schedule 449 High Voltage (HV) are metered with interval load 
readings. Therefore, the class hourly load profile is based on the population’s actual load data.    The 
average loss factor estimated for the class was applied to the hourly loads. As shown in Table 4, the 
estimated average loss factor is 1.78%. 
 
Figure 46 presents the total load for the Schedule 449HV class.  The figure displays the EnergyPrint 
to the left of two-dimensional x-y plot.  Except the sudden drops in mid-April and May, this class 
load profile is fairly stable profile like 449PV’s but at much higher loads.  The Schedule 449HV class 
peak occurred on Thursday, August 18, 2022 at 1 PM.  The class peak demand was 217.4 MW. 
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Figure 46 – Schedule 449HV: Class Total Load 

 
Figure 47 presents the total Schedule 449HV class load for the system peak week of Sunday, 
December 18, 2022 through Saturday, December 24, 2022. The total class demand was 186 MW at 
the time of the system peak, which was 85.7% of the class peak demand.  
 

 

Figure 47 – Schedule 449HV: Total Load during System Peak Week 

 
Figure 48 presents the monthly energy consumption, peak demand and load factors of the Schedule 
449HV class in charts.  As indicated by the monthly energy and maximum demand charts, the retail 
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wheeling high voltage customer class load is slightly higher in the mid-summer and mid-winter 
months.  Monthly load factors are significantly higher than the Schedule 449PV’s with 90% or more 
for 10 of the 12 months. 
  
 

 

Figure 48 – Schedule 449HV: Class Monthly Energy, Demand and Load Factors 

 
The achieved precision was perfect since the interval load data for the entire customer class was 
available for the full twelve-month period examined. 
 
Table 36 presents summary statistics for the Retail Wheeling High Voltage class load.  The table 
displays monthly energy use, timing of the class peak demand, magnitude of the class peak demand, 
average demand, load factor based on the class peak demand, timing of the system peak and class 
load at the time of system peak and the coincidence factor calculated as the class system-coincident 
load divided by the class peak.  In addition, the table displays other summary characteristics, such as 
12-month and 4-month average coincident peak contribution, and average values of the top 12, 75 
and 200 class peaks and the class loads at top 12, 75 and 200 system peak hours.  The class displays 
very high monthly NCP load factors ranging from a low of 82.2% in May, 2023 to a high of 94.3% 
in August, 2022.  The class load is highly coincident with the system peak with the monthly system 
coincident factors of over 90% for 10 of the 12 months in the study period. 
 

Table 36 – Schedule 449HV Class: Summary Statistics (Totals – kW) 

 
Since only eleven customers are served under Schedule 449HV, no summary table is presented on a 
per-customer basis. 
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2.6 Schedule 459 – Back-Up Generation 
Schedule 459 Back-Up Generation class hourly loads were calculated by integrating the class 
customers’ interval load data.   There were only three customers under Schedule 459.  The average 
loss factor estimated for the class was applied to the hourly loads. As listed in Table 4, the estimated 
average loss factor is 1.78%. 
 
Figure 49 presents the total load for the Schedule 459 class.  The figure displays the EnergyPrint to 
the left of two-dimensional x-y plot.  The class energy use is significantly lower in April compared 
to rest of the year. This is consistent with other years when usage go significantly low in summer for 
a certain period of time.  The Schedule 459 class peak occurred on Tuesday, August17, 2022 at 12 
PM.  The class peak demand was 41.7 MW. 
  

 

Figure 49 – Schedule 459: Class Total Load 

 
Figure 50 presents the total Schedule 459 class load for the system peak week of Sunday, December 
18, 2022 through Saturday, December 24, 2022. The class demand was 35.7 MW at the time of the 
system peak which was 85.6% of the class peak. 
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Figure 50 – Schedule 459: Total Load during System Peak Week 

 
Figure 51 illustrates the monthly energy consumption, peak demand and load factor of the Schedule 
459 class.  The monthly energy consumption and demand charts show a slight summer-seasonality 
of the class load. 
 

 

Figure 51 – Schedule 459: Class Monthly Energy, Demand and Load Factor 

 
The achieved precision was perfect since the interval load data for all of the customers in the class 
were available for the full twelve-month period examined. 
 
Table 37 presents summary statistics for the Schedule 459 class load.  The table displays monthly 
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand, 
load factor based on the class peak demand, timing of the system peak and class load at the time of 
system peak and the coincidence factor calculated as the class system-coincident load divided by the 
class peak.  In addition, the table displays other summary characteristics, such as 12-month and 4-
month average coincident peak contribution, and average values of the top 12, 75 and 200 class peaks 
and the class loads at top 12, 75 and 200 system peak hours.  The monthly NCP load factors are high 
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across the study period being over 90% for nine out of twelve months. The monthly system-
coincidence factors are also over 90% for 9 of 12 months in the study period. 
 

 

Table 37 – Schedule 459 Class: Summary Statistics (Totals – kW) 

 
Since only three customers are served under Schedule 459, no summary table is presented on a per-
customer basis. 
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2.7 Special Contract – Retail Wheeling and Distribution 
Service 

Special Contract class hourly loads were calculated by integrating the interval load data collected 
from all the metering device locations belonged to the Special Contract customer.7 As listed in Table 
4, the estimated average loss factor is 3.28%. 
 
Figure 52 presents the total load for the Special Contract class.  The figure displays the EnergyPrint 
to the left of two-dimensional x-y plot.  The class energy use tends to be higher in the winter months 
but picks up again in June. The Special Contract class peak occurred on system peak day of December 
22, at 8 AM.  The class peak demand was 63.2 MW. 
 

  

Figure 52 – Special Contract: Class Total Load 

 
Figure 53 presents the Special Contract class for the system peak week of Sunday, December 18, 
2022 through Saturday, December 24, 2022. The class demand was 55.7 MW at the time of the system 
peak which was 88.2% of the class peak. 
 

 
7 Only one customer is served under a special contract since April 1, 2019. 
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Figure 53 – Special Contract: Total Load during System Peak Week 

 
Figure 54 illustrates the monthly energy consumption, peak demand and load factor of the Special 
Contract class.  The monthly energy consumption and demand charts show some summer and winter 
seasonality of the class load. 
 

 

Figure 54 – Special Contract: Class Monthly Energy, Demand and Load Factor 

 
The achieved precision was perfect since the interval load data for all of the metering device 
locations in the class were available for the full twelve-month period examined. 
 
Table 38 presents summary statistics for the Special Contract class load.  The table displays monthly 
energy use, timing of the class peak demand, magnitude of the class peak demand, average demand, 
load factor based on the class peak demand, timing of the system peak and class load at the time of 
system peak and the coincidence factor calculated as the class system-coincident load divided by the 
class peak.  In addition, the table displays other summary characteristics, such as 12-month and 4-
month average coincident peak contribution, and average values of the top 12, 75 and 200 class peaks 
and the class loads at top 12, 75 and 200 system peak hours.  The monthly NCP load factors range 
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from a low of 60.8% in January, 2023 to a high of 73.9% in June, 2023.  The monthly system-
coincidence factors of class load are over 90% for seven of the twelve months in the study period.  
 

 

Table 38 – Special Contract Class: Summary Statistics (Totals – kW) 

 

Since only one customer is served under Special Contract, no summary table is presented on a per-
customer basis. 
 
 

5. APPENDIX A – VALIDATION, EDITING AND 

ESTIMATION (VEE) APPROACH 
 
This section highlights the validation, editing, and estimation (VEE) approaches used for analyses. 
The VEE process covers each individual site’s load data and how to validate the load data that exists, 
identify bad data for editing, and estimate missing intervals with appropriate values.  The major 
aspects of the VEE process are listed below: 
 

 Identifying suspect outages for removal; 

 Identifying extreme spikes and valleys; 

 Using weather regression models and interpolation to estimate values for missing data; 
AND 

 Validating the load data against the associated billing data. 

 

5.1 Outages  
This step in the VEE process is to attempt to identify suspect outages in the load data.  Suspect 

outages could be a result of bad metering, a failed meter, or poor meter data management estimation. 
Trying to identify these outages is key in ensuring that load data is being represented well.  If suspect 
outages have been identified, the user can choose to remove this load data and attempt to estimate the 
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outages with actual data or to remove the load profile from analysis depending on how much load 
data has been reset to missing. 
 

5.2 Outlier Identification 
This step in the VEE process is to attempt to identify outliers for both peaks and valleys. Outliers 
could be a result of bad metering, a failed meter, or poor meter data management estimation. It could 
also be a result of an unusual circumstance at the site’s location resulting in a value that is not typical.  
It will be up to the user to determine if the unusual circumstance should remain for analysis purposes 
or if it should be removed for an expected value.  Trying to identify outliers is key in ensuring that 
load data is being represented well, especially if the peak outlier is extreme enough to have impacts 
on allocators used in rate design and pricing.  If outliers have been identified, those values were then 
set to missing.  The VEE process uses multiple methods to identify outliers and then remove them or 
reset them to missing. 

 
 

5.3 Time-Temperature Regression Modelling 
 
Another important aspect of the VEE process is to attempt to fill in the missing data with appropriate 
estimated values. The importance of estimating the missing values is to attempt to have as complete 
load data as possible for each sample site.  There will be instances that a site may have too much 
missing data in order to do effective estimation.  The user can choose to use the data that does exist 
for this data or to remove the site completely from the analysis.  For those that have enough non-
missing validated intervals to do regression modeling, different methods can be used for estimation.  
Weather regression models are utilized in the modeling techniques for longer missing time frames.  
For shorter time frames (which can be defined by the user), interpolation is utilized to fill in those 
values as shorter time frames will be best represented by the non-missing intervals around it.  For 
estimation, the best practice is to not estimate new peaks, so the user can prevent the software from 
creating an estimate that is greater than the non-missing max value for the sample site.  In addition 
to these two methods, any validated sites can be used to create an average customer shape that could 
then be used to fill in the gaps for the sites that do not have enough load data to effectively estimate 
their own missing loads through regression modeling or interpolation.   
 
This analyses uses a time-temperature modelling strategy as the fundamental basis to build models 
for use to fill gaps and missing data.  The approach develops a mathematical model that represents 
the relationship between energy usage and temperature.  Using this model, intervals with missing 
load data can be predicted applying the temperature of that hour to the model of best fit for that hour. 
This normalization analysis recognizes that each customer reacts differently to varying heating and 
cooling degree days, and each customer has unique space conditioning characteristics.  Buildings 
with more efficient heating or cooling equipment, radiant barriers, more insulation, and efficient 
windows will consume less energy because they will require less heating and/or cooling. 
 
The simplest model where the specifications is such that energy consumptions depends on either 
heating or cooling degree days only is shown in Equation 1. 
 

Equation 1 – Basic Model 
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The base model reflects that a customer's energy usage is equal to some base level α, and a linear 
function between a reference temperature τ, and the outside temperature.  The constant 
proportionality, β, represents a customer’s effective heat-loss or heat-gain rate.  As mentioned, the 
model recognizes that each customer has unique space conditioning operating characteristics.  To 
capture these unique space conditioning characteristics, the modelling runs regressions for a range of 
heating and cooling reference temperatures (i.e., temperatures at which users tend to turn on heating 
or cooling equipment) against usage.  The model chosen to represent a customer's energy use is the 
model that best linearizes the relationship between usage and degree days.  A degree day is the 
difference between the recorded temperature for a period (could be 15 minute, hourly, or daily 
depending on how the modelling approach is being applied) and the point at which an occupant will 
act in response to temperature (either turning on the heating or air conditioning).  For example, if a 
building occupant will turn on the AC at 74°F and the recorded temperature for an hour was 85°F, 
the total cooling degrees would be 11.  A cooling degree day is the sum of cooling degrees for each 
day.  For each customer, an optimal model based on a unique reference temperature (τ is identified 
by the minimum mean squared error (MSE) of the modelling regression) is selected.  Models for each 
site are built by DOW and hour.  Users can specify to use individual days or weekday/weekend for 
the model DOW. 

When the model regression is applied to a customer's heating characteristics, it is referred to as the 
heating only model (HOM). When the model regression is applied to a customer's cooling 
characteristics, it is referred to as the cooling only model (COM).  When the model regression model 
is applied to both heating and cooling characteristics, it is referred to as the heating and cooling model 
(HCM).  One example of a customer that would use the HCM would be a customer that had electric 
heating as well as air conditioning. For this analysis all customers used an HOM because we are 
conducting a gas analysis where cooling is not relevant.   

The analysis identifies the optimum HDD and/or CDD for each customer, which will be used to fill 
in gaps in the load data file using actual temperature for that DOW. 

5.4 Metered to Billing Comparison 
Validating the load data is an important part of the VEE process, whether it is load data that fully 
exists for any sample point or if estimation was used to fill in gaps.  The main goal of the bill-to-
meter process is to be a validation check on the load data when comparing to a known, true value. 
This value is often the billed usage obtained for the same sample point.  The user can compare the 
load data on a bill-by-bill basis or at an aggregate level for the study frame being compared.  Whether 
the user uses the actual bill read dates and days in the billing cycle to define the start and end frames 
for comparison or a read cycle definition to define these time frames, the process ensures that the 

U i  =   +   * DD i ( ) + e i 

Where;

U i =  average daily consumption in interval i. 
DD i ( )   =  average degree days in interval i, based on reference temperature  .
 ,  =  parameters to be estimated to minimize e. 
e  =  a  random error term. 
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load data being compared to the billing data are examining an appropriate time frame allowing for an 
“apples-to-apples” comparison.  
  
When comparing the billing usage against the load data, the ratio between the two are compared to a 
defined threshold.  The calculation of this comparison is: 
 

1 െ ሺ𝑅𝑎𝑡𝑖𝑜𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 െ 1ሻ ൏
∑𝐿𝑜𝑎𝑑𝐷𝑎𝑡𝑎௜
∑𝐵𝑖𝑙𝑙𝐷𝑎𝑡𝑎௜

൏ 𝑅𝑎𝑡𝑖𝑜𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 

 
Where, 

 RatioThreshold is the percent difference the load data is allowed to be within to be considered 
“ok”.  This value should be greater than 1.  If the allowed threshold is 5%, then this value 
should be set to 1.05; 
 LoadData is the sum of the interval usage for the given time frame i; 
 BillData is the sum of the billing usage for the given time frame i.  It could just be the billed 

usage as is without doing any summation; and 
 i is the representation of a given bill or timeframe.  The user could choose to sum all i bills 

for comparison or do each of them individually. 
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6 APPENDIX B – ANALYSIS APPROACH 
 
The analyses approach follows the principals of model-based statistical sampling (“MBSS”) as the 
basis for analysis.  MBSS techniques have been used to create a very efficient and flexible structure 
for collecting data on countless energy efficiency evaluations, demand response evaluations, and 
interval load data analyses, e.g., load research and end-use metering, projects.  This project uses near 
population-based samples requiring little or no post-stratification. 
 

6.1 Background 
 
Conventional methods are documented in standard texts such as Cochran’s Sampling Techniques.8  
MBSS is grounded in theory of model-assisted survey sampling developed by C.E. Sarndal and 
others.9 10  MBSS methodology has been applied in load research for more than fifty years and in 
energy efficiency evaluation for more than thirty years.  This fusion of theory and practice has led to 
important advances in both model-based theory and interval load data collection practice, including 
the use of the error ratio for preliminary sample design, the model-based methodology for efficient 
stratified ratio estimation, and effective methods for domains estimation. 
 
MBSS and conventional methodologies are currently taught in the Association of Edison Illuminating 
Companies’ Advanced Methods in Load Research seminar.   MBSS methodology is also documented 
in The California Evaluation Framework.11  MBSS has been used successfully for decades in 
countless load research and program evaluation studies.  It has also been examined in public utility 
hearings and in at least two EPRI studies. 
 

6.2 The Role of the Statistical Model 
 
MBSS uses a statistical model to guide the planning and the sample design.  The parameters of the 
model, especially the error ratio, are used to represent prior information about the population to be 
sampled.  The model describes the nature of the variation in the relationship between any target y 
variable of the study, in our case the normalized daily consumption of the customer, and one or more 
x variables that can be developed from known billing data and other supporting information.  The x 
variable is usually a measure of the size of the customer, e.g., annual use, and assumes good 
information is available in the billing to support the analysis.  The model is used to help choose the 
sample size n, to assess the expected statistical precision of any sample design, and to help formulate 
a sample design that is efficiently stratified for ratio estimation using case weights.   
 
The model is used as a guide to the sample design, but the results of the study itself are not strongly 
dependent on the accuracy of the model.12  Once the sample design is selected, the subsequent 
analysis of the data is based only on the sample design and not on the model used to develop the 

 
8 Sampling Techniques, by W. G. Cochran, 3rd. Ed. Wiley, 1977. 
9 Model Assisted Survey Sampling, by Carl Erik Sarndal, Bengt Swensson and Jan Wretman, 
Springer-Verlag, 1992. 
10 Wright, R. L. (1983), “Finite population sampling with multivariate auxiliary information,” 
Journal of the American Statistical Association, 78, 879-884.  
11 The report can be downloaded from the webaccount, http://www.calmac.org/calmac-filings.asp 
12 Other methods, called model-dependent sampling, are much more dependent on the accuracy of 
the model.  Such methods are not commonly used in load research applications since they would be 
more difficult to defend than MBSS and conventional methods. 
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sample design. The resulting estimates will be essentially unbiased in repeated sampling and the 
confidence intervals will also be valid, provided that the sample design has been followed to select 
the sample customers. The results will be consistent with traditional sampling theory as found in texts 
such as Cochran’s Sampling Techniques and consistent with standard load and market research 
practice. 

6.3 Stratified Ratio Estimation 
 
We assume that the data collected and analyzed in the study is for a given population of N premises 
in a given customer class.  In this study, daily therm use will be the unit of measure.  We let y denote 
any customer characteristic to be determined from the customer’s interval load data, i.e., weather 
normalized daily usage, and we let x denote any suitable characteristic of the customer that is known 
from billing system data such as annual use or daily use. 
 
We define the population ratio B by the equation: 
 








N

i
i

N

i
i

x

y
B

1

1 . 

 
Here the summations are over the entire N units (e.g., customers) in the target population.  We note 
that the population mean or total of y is equal to B times the population mean or total of x.  The latter 
is assumed to be known from the billing data. 
We assume that a sample of n customers is selected following a stratified sample design.  But in this 
case, we have near population-based samples requiring little or no post-stratification.  For each 
sample customer we define the case weight w to be equal to the number of customers in the target 
population within the stratum containing the given customer divided by the number of customers in 
the sample within the given stratum.  Here again, by using near population-based sample we simply 
construct the weight as the population count (N) divided by customers with available daily data (n).  
In most instances the weight will be close to 1.0.  Typically, the case weight is used to avoid any bias 
that might otherwise arise from the different sampling fractions used from one stratum to another. 
Using the case weight, we define the combined ratio estimator of B by the equation: 13 
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Then, if desired, the population mean or total of y can be estimated as b times the population mean 
or total of x, known from the billing data. 

 
13 This equation gives the same result as the conventional stratum-weighted equation: 
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Using the case weights, we calculate the relative precision at the 90% level of confidence in three 
steps: 

1. Calculate the sample residual iii xbye   for each unit in the sample.

2. Calculate14  
 
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3. Calculate
 

b

bse
rp

645.1
 . 

A 90% confidence interval for B is calculated using the equation brpb  .  A confidence interval for the mean or total 

can be calculated in a similar way.  The total is calculated by multiplying the ratio by the known population total from the 

billing system (Equation 2).

Equation 2 – Estimating Totals 

XBY ˆˆ 

14 The conventional equation is    
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