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Executive Summary

The Load Research Program began in 1989 when load metering equipment was placed
on a group of Rate 2.4 (General Service 1000 kVA pius) customers. Since then samples
have been designed and implemented for the Residential and Rate 2.3 (General Service
110 to 1000 kVA) customer classes. The objective of the study was to accurately identify
the usage patterns of these classes of customers.

The samples were designed using a probabilistic sampling approach so quantitative
measures of reliability and confidence could be attributed to the load estimates. The
Delanius-Hodges Method for stratification and the Neyman Allocation Method for
calculating optimal sample size were two statistical techniques utilized in the design of the
samples. The samples were designed to achieve results within an error bound of 10%
at a 90% confidence. '

Demand data on a 15-minute interval bases was collected from the studied customers.
The retrieved demand data from the studied group of Rate 2.4 customers was simply
summed to represent the group of Rate 2.4 studied custorners (this group did not include
all Rate 2.4 customers - technical problems and uncertainties in the continuation of some
customers operations resulted in some customers being excluded).

The data that was collected from the Residential and Rate 2.3 samples was used to make
estimates of population demands using Ratio Estimation. This procedure made a
demand to energy correlation for the sample and then applied that correlation to the
poputation energy (the total billed energy of the class). Based on the variance of the
sample demands measures of accuracy for the population load estimates were calculated.

Three winter seasons were included in the study, 1991/92, 1992/93 and 1993/94. The
highest peak during these seasons was 1,098,337 kW on Wednesday, February 9, 1994
at 8:15 AM. The 1991/92 peak was 1,090,068 kW on Monday, March 2, 1992 at 12:00
PM and the 1992/93 peak was 1,027,735 kW on Wednesday, January 20, 1993 at 5:30
PM. In addition to these peaks the alternate peak for the 1991/92 winter season was
analyzed. It occurred on a weekend day and demonstrated different load characteristics
than the weekday peaks. This peak occurred on Sunday March 1, 1992 at 8:00 PM, the
peak load was 1,041,660 kW.



During the 1993 calendar year the system maintained 90% of its peak load for 2.2% of the
year. The load factor for the system load for the 1993 calendar year was approximately
52%.

The largest portion of system load was comprised of the Residential class. It made up
over 59% of the three peak intervals and maintained a monthly coincidence tactor of over
88% for all three of these intervals. The Residential class annual load factor based on its
class peak was approximately 42%. The Residential load factor based on its demand at
the time of system peak was approximately 45%.

The demand load estimates for the Residential class peak demands during the three
winter seasons all meet the desired accuracy. The accuracies for the Residential class
at the time of the winter season system peaks were also within the desired accuracy
except for the 1991/92 winter season peak. The accuracy was 12%. A higher variance
in sample demands during this interval caused the accuracy to be outside the desired
range.

The Rate 2.3 class of customers made up over 12% of each of the winter season system
peaks. The monthly coincidence factors for the Rate 2.3 class during these intervals was
over 80%.

The demand load estimates for the Rate 2.3 class peak demands and demands at the
time of system peaks during the three winter seasons all meet the desired accuracy.
There were also good accuracies achieved in off peak months for the Rate 2.3 class.

The load data that was collected for the Rate 2.4 customers showed they made up a
larger portion of the system load in months with warmer weather. The size of their load
remained fairly constant throughout the year. Consequently, the Rate 2.4 customers
maintained load factors of 60% based on the class peak and 66% based on Rate 2.4's
class demand at time of system peak.

The data that has been collected and summarized in this report has provided a
foundation for understanding the usage patterns of Newfoundland Power's customers.
The data will be a useful source of input into such appilications as the Cost of Service
Study and Long Term Forecasting.

=Y



POWER

introduction




POWE
Introduction ! B

1.0 INTRODUCTION

Newfoundland Power became invoived in load research in the 1970’s as a result of
Order 36(1976) of the Public Utilities Board which required the company "to conduct load
research on its various classes of service”. The initial program was based on a non-
probabilistic sample and therefore its accuracy could not be gauged. This program
changed very little over the next decade and in 1987 a revised load research program
was proposed and adopted.

implementation of Phase | of the revised program began in late 1989 when load
monitoring equipment began to be installed on Rate 2.4 customers. The bulk of the
equipment installations were completed by mid 1990.

in the following year a sample of Rate 1.1 (Residential) customers was selected, followed
by a sample of Rate 2.3 (General Service 110 kVA - 1000 kVA) customers being selected
in late 1991. Presently the equipment that has been installed on the Rate 1.1 class is
being removed and prepared for installation on a combined sample of Rate 2.1 (General
Service 0-10 kW) and Rate 2.2 (General Service 10-100 kW) customers in 1995,
lNustration 1.1 gives an overview of the Phase implementations and the plans of the

program.

| Over 1000 kVA

| Phase ll
| Residential S

Phase NI
GS. 23
110-1000 kVA

Phase IV
GS.21&22
0-10 kW & 10-100 kW




POWE
Introduction . R

The report that follows contains the results of this load research study that has been
ongoing at Newfoundland Power since 1989. More specifically the load characteristics
of the Residential customer class, and the General Service classes Rate 2.3 and Rate 2.4
will be analyzed.
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2.0 STUDY OBJECTIVES

Planning and operating functions within the utility require reliable data describing customer
load characteristics. This data is used in such applications as cost of service studies,
rate design, energy and peak load forecasting, and system planning. These applications
typically require data such as the time and magnitude of class peak loads, class
contribution to system peak, individual customer peak loads and the diversity of these
loads, and typical daily load profiles of each customer class.

Load research is seen as an effective means of addressing this need for data. By
installing load survey meters/data recorders on statistical samples of representative
customers, reliable data describing customer load characteristics can be obtained.

In 1989 when the study was initiated, the Residential and General Service Rate 2.3 and
Rate 2.4 classes accounted for almost 85% of total energy sales. Rate 2.4 accounted for
over 7% of total energy sales while it comprised a fraction of a percent of total customers
serviced. Rate 2.3 accounted for over 17% of total energy sales and made up less then
half a percent of total customers serviced. The Residential customer class was the
largest group of customers both in terms of energy sales and percentage of customers,
accounting for approximately 59% of total energy sales and comprising approximately
85% of all customers serviced. The relative size of these rate classes and the fact that
little was known about their load characteristics made them prime candidates for the load
research study. '

It was not practical to include all customer classes in the study at the same time. The
cost and logistics involved in undertaking such a massive study would be restrictive given
the available resources. Hence, General Service Rate 2.1 and Rate 2.2 were not included
in the initial study.

The primary reason for collecting load research data was to derive load factors for
allocating demand costs in Newfoundland Power’s Cost of Service Study. This objective
to provide information to the Cost of Service Study was the focus of the sample design.
The stratification and sample size procedures were gauged such that the designed strata
refiected the customer groups used in the Cost of Service Study (i.e., primary versus
secondary voltage supply, Residential with electric space heating as their primary source
of heating versus Residential with an alternate form of space heating). Sample sizes were
then calculated to achieve reasonable accuracies within these groups.
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Basic data being collected from sample customers includes: -

) A record of kilowatt-hour consumption by billing month (obtained from the billing
system).

)] 15-minute kW demand data (obtained from load research meters/data recorders).
For General Service customers kvar demand data was also obtained on a 15-

minute basis.
This basic sampie data is analyzed and expanded such that it can be used in the various
applications that require load information. In doing this, care is taken to maintain the vy
integrity and validity of the data. The provision of this data to the end user in an accurate ; 5-%"

and valid state is the primary objective of the Load Research Program.

e
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3.0 SAMPLE DESIGN AND SELECTION

Since the population of the Rate 2.4 customer class was less than fiftty customers and
their individual loads were so large and diverse, it was determined that a sample would
not be representative and that a census of all Rate 2.4 customers and potential Rate 2.4
customers would be required. However, the opposite was true of the Residential and
Rate 2.3 customer classes in that the populations of those classes were so large that a
census was impractical. Therefore, samples were designed for each of these classes.

The samples were designed using a probabilistic sampling approach so quantitative
measures of reliability and confidence could be attributed to estimates of load. This also
ensured that the best possible estimates of population characteristics could be made,
given a set of expensive resources (i.e. metering equipment).

The objective of the sample design was to estimate class loads (kW) at time of system
peak within an error of ten percent with a ninety percent confidence. Two techniques
used in the development of the samples were: 1) the Delanius-Hodges Method, for
dividing a population into optimal strata (called “stratification”); and 2) the Neyman
Allocation Method, for calculating the optimal sample size (for a given reliability and
confidence level) within each stratum.

3.1 STRATIFICATION

A stratified random sampiling technique was utilized in the design of the samples. By
stratifying the populations it divided them into smaller homogeneous sub-populations that
did not require as large a sample size to meet the precision requirements. This was
beneficial because of the high marginal cost per sample point.

The variable to stratify on was also of importance in designing the samples. When
stratifying the populations it was desirable to do so based on the variable of interest, kW
demands at time of system peak. This information was not available for the classes being
studied, consequently, auxliary variables had to be used. These are variables that are
highly correlated with the variable of interest. For the Residential class, 12 month
averages of monthly billed kWh's were used, and for the Rate 2.3 class, monthly billing
demands were used.

31
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3.1.1 RESIDENTIAL STRATIFICATION

The Residential class was treated as two distinct groups when its sample was being
designed. One group was made up of customers with electric space heating (All Electric)
and the other group was made up of customers with an altemnate form of space heating
(Domestic Reguiar). These two groups were then stratified based on the auxiliary variable
of 12 month averages of monthly billed kWh's. This resulted in the definition of three
strata for each group.

The boundaries of these strata were defined with the aid of the Delanius-Hodges Method.
A frequency distribution of energy intervals and customers was formulated. The
cumulative sum of the square root of the number of customers per energy interval was
then used to identify stratum boundaries. An example of the calculation of the stratum
boundaries for the Domestic Regular customer group is provided in Appendix B.
lilustration 3.1 depicts the defined boundaries.

Stratum 1 0 to 600 kWh
Stratum 2 601 to 1120 kWh
Stratum 3 1121 plus kWh

Stratum 1 0 to 1350 kWh
Stratum 2 1351 to 2500 kWh
Stratum 3 2501 plus kWh

3.1.2 RATE 2.3 (GENERAL SERVICE 110 kVA TO 1000 kVA) STRATIFICATION

A multi-dimensional sampling procedure was utilized in the design of the Rate 2.3 class.
This involved stratifying the population by two variables. First it was stratified into two
groups based on customer voltage supply. One group contained customers with primary
voltage supply (4 to 25 kV) and the other contained customers with secondary voltage
supply (less than 4 kV). The primary and 'secondary voltage groups were then further

32

Wavren -

e

o




Sample Design and Selection Po ; B

stratified based on demand. This resulted in a total of four strata in the Rate 2.3 class,
two in the primary voltage group and two in the secondary voltage group. The
boundaries of these strata within each group were based on historic rate breaks (i.e. the
Delanius Hodges Method was not used). it was felt that these breaks adequately broke
the population into homogeneous sub-populations. The boundaries that were used are
depicted in liustration 3.2. ‘

Stratum 1 110 to 350 kVA

Stratum 2 350 to 1000 kVA

Strata Stratum Boundaries

Stratum 3 110 to 350 kVA

Stratum 4 350 to 1000 kVA
3.2 SAMPLE SIZE ESTIMATION

In calculating the optimum number of sample points for a stratified random sample the
following formulae were applied to the classes.

n= n,
1+n,/N

Where: B = the desired absolute accuracy of the mean.
Z,,, = the standard normal deviate for the desired confidence level.
n = the required sample size.
6, = the standard deviation of peak demands in stratum h.
W, = N,/N = the proportion of customers in the class in stratum h.
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This provided a sample size for the entire class, unadjusted for minimum sample size
restrictions or for data loss. This is referred to as the raw sample size. The number
representing the Z,,, at 90% confidence is 1.65.

3.2.1 RESIDENTIAL SAMPLE SIZE ESTIMATION

Estimates of sample size for the Residential groups were calculated using hourly demand
data from Nova Scotia Power. Data from their customers with and without electric heat
was used. The reason for using borrowed data was due to the fact that Newfoundiand
Power's Residential class is not demand metered, and the borrowed data would give
better estimates of demand mean and demand variance, hence improving the estimates
of sample size for the Residential class.

Using this data, raw sample sizes were calculated for the All Electric and the Domestic

Regular groups. The sample sizes were then allocated to the strata. This was
accomplished using the Neyman Allocation Method. The following formula was used.

n=nx W, x§

LW, x &)
Where: n, = the sample size for each stratum.
n = the required sample size of the class.

S, = the standard deviation of peak demands in stratum h.
W, = N,/N = the proportion of customers in the class in stratum h.

The resulting sample sizes were then adjusted for data loss and a minimum stratum
sample size of 12. The resulting sample sizes are outlined in Nustration 3.3 along with
the corresponding population sizes at the time of sample design.
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Stratum 1 14 28898
Stratum 2 16 37198
Stratum 3 16 15743

The much smaller sample size requirements for the All Electric group as opposed to the
Domestic Regular group indicated the relatively low variance in demands at peak times
for customers with electric heat.

3.2.2 RATE 2.3 SAMPLE SIZE ESTIMATION

Estimates of sample size for the Rate 2.3 strata were calculated using monthly maximum
demands for the Rate 2.3 customers. The mean demand used in calculating the absolute
accuracy in the sample size calculation was adjusted to reflect the non-coincidence of
monthly maximum demands at time of system peak. The class sample size formulae
were applied to come up with a raw class sample size. This was then allocated to the
strata using the Neyman Aliocation Method and the resulting numbers were adjusted for
data loss and a minimum sample size per stratum of 12. The minimum sample size was
chosen to achieve a higher level of accuracy on a stratum basis to meet the requirements
of theXCost of Service Study. lllustration 3.4 outlines the sample and population sizes at
time of sample design. |
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Stratum 1 644
Stratum 2 142
3.3 SAMPLE SELECTION

Oncs the strata were identified, and sample sizes calculated the sample customers were
chosen. Customers were selected randomly for each class. If customers from the initial
random selection did not respond positively to the project, alternates with roughly the

same characteristics were chosen.

e

s ._.L.m’

ot i

iéi.‘ “:}zz
24y

g

Mkl

o

Wideersodd]

—

L

[veing




Data Analysis




Data Analysis _ [ n

4.0 DATA ANALYSIS

This section provides analysis of the data collected from the studied customer classes.
It will focus on system peak characteristics, and the attributes of individual class loads.
The methodology used in estimating population representative data will be defined. As
well, Appendix C provides tabular and graphical representation of the results of the
analysis.

4.1 METHODS OF CALCULATION AND RELIABILITY OF ESTIMATES

To adequately study the load characteristics of a class of customers, data representative
of their population is required. The sample data that was collected from the Residential
and Rate 2.3 customers was expanded to depict their class populations using ratio
estimation. This procedure basically made an interval by interval correlation between
average sample demand and average sample energy. It then applied the same
correlations to the population energy to come up with total class load profiles.

With the use of statistical techniques quantitative measures of reliability were then
attributed to estimated population values for a given level of confidence. The Residential
and Rate 2.3 samples were designed to achieve a relative accuracy of ten percent with
ninety percent confidence at time of system peak load. This level of accuracy was
primarily affected by the variance of the sample demands (the higher the variance the
higher the error) and the number of sample customers.

4.2 SYSTEM PEAKS SUMMARY

Twenty five months of system data was included in the analysis of the system peaks.
This data spans from March 1892 to March 1994, covering three winter season system
peaks. Tables in Section 4.4 summarize this data, outiining the time and magnitude of
monthly system peaks (taken from 15-minute data). The peak days for the 1991/92,
1992/93 and 1993/94 winter seasons were the focus of the system peak analysis. These
are three of the largest system loads in the past three years. The alternate peak day for
the 1991/92 winter season was also included. This peak occurred on a Sunday and
demonstrated different load characteristics than the other peak days.

The system characteristically peaked on weekdays (Monday to Friday) during the winter
season (late December to early March). The 1891/92 winter season peak load was
1,090,068 kW on Monday, March 2, 1992 at 12:00 PM. The 1992/93 winter season peak

4-1




AEFPAILANE
s ety POV/ER

load was 1,027,735 kW on Wednesday, January 20, 1993 at 5:30 PM. The 1993/94
winter season peak load was 1,098,337 kW on Wednesday, February 9, 1994 at 8:15 AM.
This was the highest peak attained by the system in the twenty five months studied. The
alternate peak for the 1991/92 winter season was 1,041,660 kW on Sunday, March 1,
1992 at 8:00 PM.

For illustrative purposes figures have been provided that plot average hourly loads for the
system and the class contributions on these key days. Figures 4-1A to 4-1D illustrate the
system load and the class usage patterns in a non-stacking format. Smaller loads such
as Company Use and Wheeled have been omitted from these figures due to the large
scale required to plot the system curve. Figures 4-3A to 4-3D plot the smaller loads on
a lower scale allowing more detail to be seen in their load profiles. All the load elements
presented in this report are plotted on the stacking curves in Figures 4-2A to 4-2D. As
well, Table 4-1 breaks down the class demand contribution for the four peak intervals.

A load duration curve for the system ioad for the 1993 calendar year is plotted in Figure
4-7A. Lillustrates the percent of peak load the system maintained for what percent of the
year. The system load was above 90% of system peak load for 2.2% of 1993 calendar
year. The peak load for the 1983 calendar year was 1,027,735 kW, and the total energy
that passed through the system for that year was 4,688,001 MWh. The 1993 calendar
year load factor for the system was approximately 52%.

4-2
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4.2 1 RESIDENTIAL LOAD CHARACTERISTICS

Table 4-2 illustrates monthly peak load estimates for the Residential class (i.e., All Electric
and Domestic Regular combined). The Residential load like the system load peaks in the
winter season. The Residential winter season class peaks all occurred in the same
months as the system peaks. The highest Residential class peak during the study period
was 725,170 kW on Monday March 2, 1992 at 5:15 PM.

The Residential class peaked on the same day as the March 2, 1992 system peak. The
Residential monthly coincidence factor (class load at the time of system peak as a
percent of class peak load for the month in question) was 88%, and the Residential class
accounted for 59%. of the system load. The Residential class peaked on different days
for the other winter season system peaks but maintained a coincidence factor of over
93% for both peak intervals. The Residential class accounted for over 65% of the
1992/93 winter season peak, and 62% of the 1983/94 winter season peak. The monthly
percent contributions to system peaks and monthly coincidence factors are presented in
Table 4-2.

Figure 4-0 plots in a non-stacking format the class contributions to monthly system peaks.
The Residential kW peak contribution was twice as high in winter months as opposed to
summer months. Its contribution was around 700 MW in the winter and 300 MW in the
summer. This seasonal difference can be attributed to the large electric heating load of
the Residential customer class. On the three peak days studied the weather was colder
than normal. Consequently, the Residential load was considerably higher. This increase
in load on peak days is illustrated in Figures 4-6A to 4-6C which plots the weekly loads
of the studied rate classes during the weeks of peak days.

Load factors that were calculated for the Residential class for several different time
periods are presented in Table 4-4. The Residential annual load factor based on
Residential class peak is generally around 42%. Their load factor calculated using
Residential class demand at time of system peak is generally around 45%. This higher
load factor is due to the difference in magnitude and time of the class peak versus the
system peak.

A load duration curve for the Residential load during the 1993 calendar year is plotted in
Figure 4-7B. The Residential load was above 90% of the Residential peak load for 0.8%
of the 1993 calendar year. '

Figures 4-5A to 4-5H illustrate Typical Day curves for the studied rate classes. The
Residential class load pattern is provided for the four seasons of the year and for

4-3
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weekdays versus weekend days. The typical time of the moming peak varies
considerably for weekdays versus weekend days. On weekdays the Residential load
peaks at around 8:30 AM whereas on weekend days it peaks later in the day at around
11:00 AM.

The afternoon and evening characteristics are very similar between the typical weekdays
and weekend day loads. The load typically drops off in the afternoon and picks upto a
peak in the evening between 5:00 and 9:00 PM.

The large winter loads are also illustrated in the typical day curves. The typical winter
curves are twice as large as the typical summer curves. There is however, a consistency
in the shape of the curves from season to season. This is possibly due to a consistency
in customer usage patterns from one season to anocther.

Table 4-2 also provides the accuracies of the load estimates. The sample was designed
to meet the accuracy of plus or minus ten percent at time of system peak. Accuracies
within this range were not expected for months outside of the winter season. The sample
design was based on winter demand variances. In the summer season the variances
between customers increase and less reliable estimates are achieved. In order to achieve
the desired accuracy throughout the year, a larger sample would have to be implemented.

The accuracies of the three Residential load estimates at the time of system peaks were
all within the desired relative accuracy, except for the estimate for the 1991/92 winter
season peak. The relative accuracy for this interval was +12.0%. Further investigation
showed that the number of contributors did not decrease on that day from what they
were for the month. The sample demand variance however, increased for the peak
interval causing the error to increase. The relative accuracies for the other peak days
were +8.7% at the time of the 1892/93 winter season system peak, and +7.7% at the time
of the 1993/94 winter season system peak. The accuracies at the time of the winter
season class peaks all met the desired accuracy as is illustrated in Table 4-2.

The All Electric versus Domestic Regular split in the Residential class is shown in Figures
4-4A to 44C for the class peak, and subclass peaks of the 1993 calendar year.
llustration 4-1 provides the kW loads, percent contributions and 1993 calendar year
coincidence factors for the peak intervals for the class and subclasses.




Residential Class 713,848 - 78% 99%
All Electric Subclass 577,837 81% 15% 100%
Domaestic Regular Subclass | 135,900 19% 63% 76%

Residential Class 648,213 - 78% 91%
All Electric Subclass 463,832 72% 22% 78%
Domestic Regular Subclass | 184,059 28% 56% 100%

Note: Coincidence factors are based on the class and subclass peaks for 1993 calendar year.

4.2 2 RATE 2.3 LOAD CHARACTERISTICS

Table 4-3 illustrates monthly peak load estimates for the Rate 2.3 class. The Rate 2.3
class peaks in the winter season. The highest Rate 2.3 class kW peak during the study
period was 176,749 kW on Wednesday, February 9, 1994 at 8:30 AM.

The Rate 2.3 winter season peaks for the 1991/92 and 1993/94 winter seasons occurred
on the same days as the system peaks. The Rate 2.3 percent contribution to the system
peak intervals for both these intervals was 15%. The Rate 2.3 peaks and system peaks
occurred at different times on these days. However, the Rate 2.3 class maintained a
monthly coincidence factor of 97% for the 1991 /92 peak interval and 93% for the 1993/94
peak interval.

4-5
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The Rate 2.3 peak for the 1992/93 winter season did not occur in the same month as the
system peak. Rate 2.3 maintained an 80% monthly coincidence factor with this peak and
made up 12% of the peak load. The monthly percent contributions to system peaks and
monthly coincidence factors are presented in Table 4-3.

The class contributions to monthly system peaks that are illustrated in Figure 4-0 give
insight into Rate 2.3's sensitivity to weather. The Rate 2.3 contribution to system peak
load in the winter months was around 170 MW as opposed to around 90 MW in the
summer months.

Load factors that were calculated for the Rate 2.3 class for several different time periods
are presented in Table 4-5. The Rate 2.3 annual load factor based on the Rate 2.3 class
peak is generally around 51%. Their load factor calculated using Rate 2.3 class demand
at time of system peak is generally around 64%. This higher load factor is due to the
difference in magnitude and time of the class peak versus the system peak.

A load duration curve for the Rate 2.3 load during the 1993 calendar year is plotted in
Figure 4-7C. The Rate 2.3 load was above 90% of the Rate 2.3 peak load for 1.0% of the
1993 calendar year.

Figures 4-5A to 4-5H illustrate the typical load profiles for the Rate 2.3 class. This class
typically maintains the same load profile during off peak hours (8:00 PM to 6:00 AM) for
weekdays versus weekend days. During peak hours the load is greater on weekdays
than on weekend days. This weekday versus weekend day comparison is also illustrated
in the weekly load plots in Figures 4-6A to 4-6C.

The accuracies for the Rate 2.3 load estimates are provided in Table 4-3. The Rate 2.3
sample like the Residential sample was designed to meet the accuracy of ten percent at
time of system peak.

The accuracies of the three Rate 2.3 load estimates at the time of system peaks were all -

within the desired relative accuracy. The relative accuracy for the Rate 2.3 load estimate
at the time of the systems 1991/92 winter season peak interval was +5.0%, at the time
of the 1992/93 winter season system peak interval it was +6.7% and at the time of the
1993/94 winter season system peak interval it was 4.6%. The accuracies at the time of
the winter season class peaks all met the desired accuracy as is illustrated in Table 4-3.
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4.2.3 RATE 2.4 LOAD CHARACTERISTICS

Table 4-6 illustrates monthly Rate 2.4 load characteristics. All the data that is provided
in this table is not completely representative of the Rate 2.4 class because as previously
mentioned, all Rate 2.4 customers were not included in the study. The number of
customers missing varied from two to eight. For the most part the customers that were
missing maintained only a small portion of the total load. This is reflected in the
comparison of energy values in Table 4-6.

The Rate 2.4 studied customers peaked on the same day as the 1991/92 and the
1993/94 winter season system peaks. The studied customers comprised 5% of the
system peak load and maintained monthly coincidence factors of 99% and 92%

respectively.

The studied Rate 2.4 customers did not peak on the same day as the 1992/93 winter
season system peak. They comprised 4% of this system peak load and maintained a
88% monthly coincidence factor.

Table 4-6 also illustrates the sensitivity of the Rate 2.4 load to weather. The energy and
demands for studied customers change very little from season to season. This results
in the Rate 2.4 contribution to system peak load to be greater in summer months than
winter months when the system load is largest.

The Rate 2.4 annual load factor based on the Rate 2.4 class peak is generally around
60%. Their load factor calculated using Rate 2.4 class demand at time of system peak
is generally around 66%. This higher load factor is due to the difference in magnitude
and time of the class peak versus the system peak.

A load duration curve for the Rate 2.4 load during the 1893 calendar year is plotted in
Figure 4-7D. The Rate 2.4 load was above 90% of the Rate 2.4 peak load for 3.5% of the
1983 calendar year.

Figures 4-5A to 4-5H illustrate the typical load profiles for the Rate 2.4 studied customers.
This class typically maintains the same load profile during off peak hours (8:00 PM to
6:00 AM) for weekdays versus weekend days. During peak hours the load is greater on
weekdays then on weekend days. The same load patterns was demonstrated in all four
seasons. This weekday versus weekend day comparison is also illustrated in the weekly
load plots in Figures 4-6A to 4-6C.

4-7
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4.3 APPLUCATIONS FOR NEWFOUNDLAND POWER’'S COST OF SERVICE STUDY

Average load factors are applied to subclass energy to derive non-coincident demand
estimates by subclass. The non-coincident demand estimates are then used in the Cost
of Service Study to calculate allocation factors for demand related costs. These load
factors are presented for several twelve month periods in lllustrations 4-2 to 4-4. The
average load factors are used for deriving the demand estimates for the Cost of Service
Study (i.e., for the All Electric subclass a load factor of 38% was used and for the
Domestic Regular subclass a load factor of 41% was used).

Load Factor =

Actual Energy (kWh)

Class/Subclass
non-coincident demand

# of hours in
time period

‘Apr/91 - Mar/e2 ar% 38% 40%
1992 Calendar Year 38% 4% a1%
Apr/a2 - Mar/93 39% 4% 42%
1993 Calendar Year 9% 0% 2%
Apr /93 - Mar /94 39% “1% 2%

Average 38% "% 42%
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Primary Primary
Voltage Voitage Voitage
57% 45% 58%
55% 45% 5%
Apr/o2 - Mar /93 58% 48% 55% 51% 51%
1993 Calendar Year 58% 48% 57% 52% 52%
Apr/93 - Mar/94 56% 43% 53% 50% 49%
57% 46% 56% 50%

49
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5.0 SUMMARY

The objective of Newfoundland Power’s load research study was to accurately identify the
usage patterns of its customers by rate class. The data collected and summarized in this
report provides a sound foundation for understanding the usage patterns of these rate
classes.

The study was designed to meet the data requirements of the Cost of Service study, the
primary user of the load research data. Load factors derived from the data are an
important input into this application. The load research data is also useful for other
applications such as long term forecasting and end use studies. Post stratification of the
sample customers can allow the data to be represented in a form that is useful to these
applications. However, it should be noted that post stratification can result in strata with
small sample sizes that are unable to meet desired accuracies.

When data begins to be retrieved from the Rate 2.1 and 2.2 samples in 1995, it will allow
for further analysis of the results presented in this report. Better comparisons of the load
pieces and the system load will be able to be made. As well, having data on all the rate
classes will provide a better understanding of Newfoundiand Power’s rate classes and
system load.

5-1
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All Electric: Residential customers who use electric heat as their primary source of space
heating.

Audliary Variable: A variable that is highly correlated with the variable of interest.

Coincidence Factor: The class demand for the interval in question divided by the
maximum demand for the class. This report expresses monthly and yearly coincidence
factors. The monthly coincidence factors uses the maximum demand for the month, and
the yearly coincidence factor uses the maximum demand for the year.

Cost of Service Study: A study of the costs incurred by the utility in producing,
transmitting, and distributing electricity to its custorers, by customer class, in relation to
revenues collected from each class or projected to be collected under average historical
embedded cost of the existing plant and expenses in a test year, past or future; or they
may be the long-run incremental costs of the utility’s service, that is, the cost, per year,
of the capacity and customer load planned for a future period of time expressed in
constant current dollars.

Demand: The rate at which electric energy is delivered to or by a system, part of a
system, or piece of equipment. It is expressed in kilowatts, kilovoltamperes or other
suitable unit at a given instant or averaged over any designated period of time. The
primary source of "Demand" is the power-consuming equipment of the customers.

Domestic Regular: Residential customers that do not use electric heat as their primary
source of space heating.

Energy: The kilowatthours supplied to or used by an individual customer, group of
customers or class or service. Energy use may be determined by calculation or by
measurement.

Load Factor: The ratio of average load in kilowatts supplied in a designated period to the
peak or maximum load in kilowatts occurring in that period.

Load Profile: As supplied to a customer, class or system, a load profile shows the power
supplied during a specific period of time plotted against the time of occurrence.
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Load Research: An activity embracing the measurement and study of electrical loads so
as to provide a thorough and reliable knowledge of trends and general behaviour of the
load characteristics of the more important electrical services rendered by the electrical

utiity.

Multi-Dimensional Sampling: A stratified sampling procedure involving two or more
stratification variables.

Post Stratification: Stratification of a sample after selection based on criteria other than
those used to originally select the sample.

Wheeling Service: The use of the transmission facilities of one system to transmit power
and energy by agreement of, and for, another system with corresponding whesling
charge.
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Average Monthly Square Cumulative
Consumption Range #of Root of Square
Lower Limit Upperlimit  _Customer #of Customers _Root
Stratum 1
0 20 2901 53.9 54 Swyptum 1
21 40 1240 35.2 as The cumulative square root break for a three
a4 60 1033 321 121 smmwequal:’m 947. Tl:re dofh:%
’ cumulative square root that was larger
8:' 89 87.9 29.'6 ! 5.1 947 was 981 which was taken as the first
. . . . stratum break. This gave stratum 1 a2
: ; : ’ . boundary between 0 and 600 kWh. All
521 540 1457 38.2 864 Domesiic Reguiar customers with an average
541 560 1490 38.6 903 monthlyl consumption in that range were
561 580 1498 8.7 941 included in stratum 1.
581 600 1535 39.2 981
Stratum 2
601 620 1492 39 1018 Stratum 2
621 640 1583 40 1059 The second stratum break started where the first
661 680 1526 39 '113g Fquare root braak which was 1895. The closest
. . . . . cumulative square root that was larger than 1895
was 1902. This gave stratum 2 in a three
: : . ' y tratum break a boundary between 601 and 1120
1041 1060 937 31 1818 skWh. All Domestic Regular customers with an
1061 1080 856 29 1847  average monthly kWh consumption in that range
1081 1100 773 28 1875 were included in stratum 2.
1101 1120 753 27 1902
Stratum 3
1121 1140 741 27 1930 Stratum 3
1141 1160 641 25 1955 The third stratum break was defined as
1161 1180 606 25 1979 W:mﬂva ;;‘ﬂ'em"'
, all customers an average
1 1.81 12,00 6?0 2,5 20,04 monthly kWh consumption of 1121 kWh and
: : . . . over were included in sratum 3.
3941 3960 1 1 2835
3961 3980 1 1 2836
3981 4000 0 0 2836
4000 30 5 2842
Shown above is part of the frequency distribution that was used in calculating the stratum breaks for the Domestic
Regular Sub-Class. To come up with the stratum breaks the cumulative square root (2842) was divided by the
desired number of strata. The resulting number gave the cumulative square root length of each stratum. in the
case of the Domestic Regular a three stratum scenario was desired. This resulted in a cumulative square root
length of 947, that was used to define the kWh boundaries.
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Figures and Tables :

The following section provides graphical and tabular representation of the results of the
data analysis. The text that proceeds the tables and graphs attempts to explain/clarify
the methodology and terminology used in the analysis.

As previously mentioned the class load data referred to in this report for the Residential
and Rate 2.3 customer classes was estimated using ratio estimation. This procedure
basically made an interval by interval correlation between average sample demand and
average sample energy. It then applied the same correlations to the population energy
to come up with total load profiles. Measures of reliability were then attributed to the ratio
estimates using statistical formulae.

Rate 2.4

Rate 2.4 as referred to in this report does not include every customer in this class. When
recorders were initially placed on Rate 2.4 customers it was a census of Rate 2.4
customers that was used. However, due to technical problems and uncertainties in the
continuations of some customers operations, not all Rate 2.4 customers were metered
with load research equipment. As a result, the data that was used for this rate class only
includes those customers that were included in the study. Table 4-6 provides a
comparison of the monthly energy for the Rate 2.4 load research metered customers
versus the Rate 2.4 billed customers ( total number of Rate 2.4 customers for the month
_in question).

Street Lighting

The Street Lighting load profiles used in the report are based on the assumption that all
street lights come on an go off within the hour surrounding the defined times of sunset
and sunrise. The size of their load was calculated based on the number of active fixtures
for the month in question and the defined rate based wattage for these fixtures.

Company Use

Load profiles for company use were derived using a method similar to ratio estimation.
Instead of using sample data to estimate population representative data, estimated
population data was used to estimate a single user. Sample customers in the
professional services, public administration and communications/utility field of work (SIC-
Category 6) were stratified and totalized using ratio estimation to represent the population
of these customers. Interval by interval demand to energy correlations for this group
were then applied to the total energy for the company for the month in question. This
method of estimating the company load profile is based on the assumption that the
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company has similar usage patterns as the customer group SIC-Category 6

Losses
Losses were calculated assuming an average of eight percent losses of total system load

on peak days.
System Load
System load refers to Newfoundland Power’s total system load. It is comprised of 15-

minute data from Newfoundland Hydro in-feed points, plus Newfoundiand Power's
generation data. The in-feed data from Newfoundland Hydro includes wheeled power.

Other
Data presented for Other is the residual of the measured and estimated loads subtracted

from the system load. This residual is comprised of the Rate 2.1 and Rate 2.2 classes,
plus the Rate 2.4 customers not metered with load research equipment,

Other Information
Standard Time: All data presented in this report is in standard time.

All Electric: Residential customers that have electric heat as their primary
heating source.

Domestic Regular: Residential customers that use some other form other than electric
heat as their primary heating source.

Winter Season: The calendar defined Winter season December 21 to March 20.
Spring Season: The calendar defined Spring season March 21 to June 20.
Summer Season: The calendar defined Summer season June 21 to September 20.

Fall Season: The calendar defined Fall season September 21 to December 20.
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Table 4-1

Winter Season Winter Season Winter Season
199192 199293 1993/94
Paak day Alemate Peak day Peak day Peak day
System Monday Sunday Wednesday Wednesday
Load Components MAR 2, 1902 MAR 1, 1992 JAN 20, 1993 FEB S, 1904

Loads in kW
Time 12:00 20:00 1730 8:15
Peak Load 1,080,068 1,041,660 1,027,735 1,098,337
Transformer/Line Losses 87,205 83,333 82,219 87,867
Company Use 3,755 2,780 3276 3,831
Wheeled 13818 10959 11957 12163
Peak Load Sales 285.200 244509 930,283 994,476
Street Lighting v} 9518 9518 0
Residential Rate 1.1 640,007 708,447 663,705 686,257
General Service Rate 2.3 166,215 127,551 127,798 164,962
Rate 2.4 customers 53,692 39,274 43992 54,637
Other 125376 59799 85270 88.620
Total 985200 944580 930283 904,476
Residential Rate 1.1 12.0% 8.6% 8.7% 7.7%
General Service Rate 2.3 5.0% 45% 6.7%  6.2%




Table 4-2

Mar:92 Apr-92 May-92 Jun-92 Jul-H2 Aug-82 Sep-92 Oct-92 Nov-92 Dec-92 Jangd Eat-1
Rasidential sample size 94 91 87 91 94 9% 25 97 101 102 104 101
Residential bilied energy {MWh) 312494 260221 216731 162103 147818 122977 127739 156841 210660 269141 333490 N7
Residential paak load (kW) 725170 591818 467276 347098 362621 352454 335936 463260 597000 713224 713848 704840
Date 2 14 8 17 3 27 3 7 22 30 <) 7
Time 1715 700 715 2115 2018 1148 1600 745 1845 1715 121§ 1200
Reiative accuracy at 80% confidence 10.0% 10.4% 17.5% 15.7% 14.4% 19.4% 14.7% 11.8% 11.6% 8.0% 8.6% 9.2%
Residential lcad at time of system peak (kW} 640007 441283 411083 276281 253884 335310 263312 429059 432580 868132 663705 577014
Date 2 14 3 18 3 27 4 7 20 30 20 1
Time 1200 830 1045 1100 1100 1100 1045 1100 1715 1745 1730 1000
Relative accuracy at 90% confidence 12.0% 17.1% 15.1% 20.2% 18.0% 15.3% 18.0% 16.7% 11.2% 1.4% 8.7% 1.7%
Colncidence tactor 88% 75% 88% 80% 70% 95% 78% 93% 81% 04% 93% 82%
System peak (kW) 1090068 868080 697448 559984 576426 498803 528096 8485865 857250 969315 1027735 1018048
Residential contribution as & % of system peak §9% 51% 59% 49% 4% 87% 50% 66% 56% 69% 65% 57%
Residentialt sample size 89 100 100 103 101 100 93 95 98 102 88 a7 g5
Reslidantial billed energy (MWh) 291566 271244 204865 188337 146493 130236 126534 154794 212205 262478 328172 320425 307866
Residential peak load (kW) 825495 528171 573828 436059 335353 297429 374091 482027 607928 714648 893554 720599 662133
Date 14 15 11 24 6 28 19 26 26 29 20 8 12
Time 1000 1045 716 1545 1045 1100 930 1615 16845 1830 1730 1800 1200
Ralative accuracy at 90% confidence 1M.7% 14.0% 113% 158% 216% 24.7% 17.0% 2.9% 12.2% 7.8% 17.7% €.3% 2.8%
Residentlal load at time of system peak (kW) 535808 448154 439220 92727 335871 245801 323234 452167 552084 829598 857917 686257 644435
Dats 16 1 10 13 8 31 1 26 25 30 26 9 12
Time 1015 918 1106 1000 1100 1115 1100 1800 1715 1700 1730 815 1218
Relative accuracy at 90% confidence 12.2% 13.0% 19.9% 14.6% 17.86% 19.3% 13.6% _ 10.3% 8.3% 6.1% 9.3% 1.7% 9.3%
Coincidence factor 88% 84% 7% 290% 100% 83% 86% 4% 91% 88% 80% 95% 97%
System peak (kW) 838250 826855 795093 663891 543244 498043 8371727 723912 956001 1027034 1021667 1098336 842103
Residential contribulion as a % of system peak 57% 54% 55% 59% 62% 49% 60% 62% 58% 61% 55% 62% 66%




Table 4-3

Eab-93
Rate 2.3 sample size 99 2] 64 85 100 99 101 99 96 96 93 95
Rate 2.3 billed enorgy (MWh) 80804 69324 58966 51484 51435 47077 46435 51997 60839 70988 82171 83039
Rate 2.3 peak load (kW) 171085 152795 125643 103054 96587 69995 97623 122535 149554 147554 160280 167462
Date 2 14 6 15 3 26 25 26 24 11 20 8
Time 930 915 815 845 1045 845 815 a15 900 845 945 930
Relative accuracy at 50% confidance 5.1% 5.9% 8.8% 6.9% 56% 7.0% 9.0% 10.9% 7.7% 5.2% 6.6% 5.7%
RAate 2.3 load at ime of system peak (kW) 166215 151997 83749 97911 93633 83249 90928 114254 12777 117577 127798 159145
Date 2 14 3 18 3 27 4 7 20 30 20 1
Time 1200 830 1045 1100 1100 1100 1045 1100 1715 1745 1730 1000
Retalive accuracy at 90% confidence 5.0% 6.0% 75% 8.2% 5.6% 71% 7.3% 9.4% 6.8% 5.7% 6.7% 6.0%
Colncidence factor 97% 99% &7% 95% 97% 93% 93% 93% 75% 80% 80% 95%
System peak (kW) 1090068 868080 697448 559984 576426 498803 £26096 848565 857250 969315 1027735 1018046
Rate 2.3 contribution as a % of system paak 15% 18% 12% 17% 16% 17% 17% 18% 13% 12% 12% 16%
Rate 2.3 sample size 99 96 ] 94 95 85 104 102 87 90 95 91 89
Rate 2.3 billed snergy (MWh) 76541 73017 56840 54852 54840 50767 44253 51854 62509 69990 80824 84431 B0440
Rate 2.3 peak load (kW) 151566 134682 136233 118525 e0n2s 87398 107284 134848 151289 1415681 174629 176749 167591
Date 16 1 10 14 16 3 27 26 25 1 26 9 1
Time 900 915 800 900 930 1015 800 800 200 900 900 930 900
Aelative accuracy at 90% confidence 85.7% 6.3% 7.7% 8.5% 8.4% 10.0% 9.7% 9.8% 8.1% 5.6% 5.2% 43% 4.4%
Rate 2.3 load at tima of system paak (kW) 150366 134682 128793 73739 88111 80759 89766 84230 116183 115167 136313 164962 117089
Date 16 1 10 13 6 31 1 26 25 30 26 9 12
Time 1015 -2 1] 1100 1000 1100 11158 1100 1800 1715 1700 1730 815 1215
Relative accuracy at 90% confidence 4.9% 6.3% 6.7% 7.5% 9.3% 11.6% 5.9% 7.2% 5.9% 5.3% 3.8% 4.6% 4.9%
Colncidence factor 99% 100% 3% 62% 97% 92% 84% 70% % 81% 78% 93% 70%
System paak (kW) 938250 826855 795093 8683881 543244 498043 837727 723912 956001 1027034 1021867 1098336 942103
Rate 2.3 contribution as a % of system peak 18% 16% 16% 11% 16% 16% 17% 13% 12% 1% 13% 15% 12%




Hours in month 744 720 744 720 744 744 720 744 720 744 744 672

Residentiai billed snergy (MWh} 312494 260221 216731 162103 147818 122077 127739 156841 210660 269141 333450 NTNN7
Residential peak load (kW) 725170 501816 467276 347008 362621 352454 335936 463260 597000 7 3224 713848 704840

Load factors besed on class pasks

Monthly load factors 58% 61% 62% 65% 55% 47% 53% 46% 49% 51% 63% 67%

12 month moving load factor 2%

System peak (kW) 1090068 . 850080 607448 559984 576426 408603 528096 648565 857250 969315 1027735 1018046
Residential load st time of system pesi (KW) 640007 441283 411083 276281 253834 135210 263312 429050 482580 668132 663705 577014

Load factors based on colncidence with system peaks

Monthly load factors 66% 82% 1% B1% 78% 49% 67% 49% 61% 54% 68% 82%

12 month moving load factors 47%

Hours in month 744 720 744 720 744 744 720 744 720 744 744 672 744
Residential billed snergy {MWh) 201566 271244 204665 188337 146493 130236 126534 154794 212205 262478 326172 329425 307886
Residential peak load (kW) 625495 52817t 573820 436050 335353 207420 374091 482027 607926 744648 693554 720599 662133
Load factors based on class peaks

Monthly losd factors 63% 71% 48% 60% 59% 59% 47% 43% 49% 49% 63% 8% 62%
12 month moving load factors 42% 42% 42% 42% 42% 42% 42% 42% 42% 42% 42% 42% 42%
System peak (kW) 938250 826855 795003 663881 543244 498043 537727 723912 956001 1027034 1021667 1098336 942103
fesidentisl ed attime of system peak (kW) 535808 446154 430229 392727 335871 245801 320234 452167 552084 620598 557917 686257 644435
Load factors based on colngidence with ayatem peaks

Monthly load fectors 73% 84% 63% 67% 59% 71% 54% 46% 53% 56% 79% % 64%
12 month moving load factors 45% 45% 45% 45% 45% 46% 46% 45% 46% 45% 45% 4% 44%




Hours In month 744 720 744 720 744 744 720 744 720 744 744 672

Rate 2.3 billed energy (MWh) 80894 69324 58966 51484 51435 47077 46435 51997 60839 70988 82171 83039

Rate 2.3 peok load (kW) 171085 152795 125643 103054 96587 89985 97623 122535 148554 147554 160280 167462

Land factors based on class peaks

Monthly load factors 64% 63% 63% 69% 72% 0% 66% 57% 57% 65% 69% 74%

12 month moving load factors 50%

System peak (kW) 1090068 868080 607448 550084 576426 498803 528096 648565 857250 969315 1027735 1018046

Rate 2.3 load at time of system peak (kW) 166215 151997 83749 g7911 93833 83249 90928 114254 112777 147577 127798 158145

Load factors based on coincidence with system peaks

Monthly load factors 65% 63% 95% 73% 74% 76% 1% 81% 75% 81% 86% 78%

12 month moving load factors 52%

Hours In month 744 720 744 720 744 744 720 744 720 744 744 672 744
Rate 2,3 bliled energy (MWh) 76541 73017 56840 54852 54840 50767 44253 51854 62509 69990 80924 84481 B0440
Rate 2.3 load (kW) 151586 134682 136233 118525 90825 87398 107284 134846 151289 141561 174620 176749 167591
Load factors based on class peaks

Monthly load factors 68% 75% 56% 64% 81% 78% 57% 52% 57% 66% 62% 1% 65%
12 month moving load factors 51% 1% 51% 51% §2% 52% 52% 52% 52% 52% 50% 49% 49%
System peak (kW) 038250 826855 705003 663881 543244 498043 537727 723912 956001 1027034 1021667 1098336 942103
Rate 2.3 losd at ime of system peak (kW) 150366 134682 126793 73739 88111 80759 89766 94230 116183 115167 136313 164962 117089
Lond factors hased on coincidence with system peaks

Monthly joud factors 68% 75% 60% 103% 84% B4% 68% 74% 75% 82% 80% 76% 92%
12 month moving load factors 67% 67% 67% 67% 68% 68% 68% 68% 68% 68% 68% 53% 53%




Table 4-6

Rate 2.4 studied customers 35 33 32 N 31 N 3 a2 3 k3| 25 25

Rate 2.4 studied customers snergy (MWh) 31329 25986 23688 27359 23645 22904 22919 24099 25036 25895 25671 26247

Rate 2.4 billed customers 38 39 39 39 as ki) 8 as 35 34 N 30

Rate 2.4 billed energy (MWh) 31515 28713 26507 27432 27293 25506 28066 26573 27847 28588 28233 28223

Studled customers peak load (kW) 54317 48927 44820 44979 46692 42984 44981 47009 50311 48443 50089 52112

Date 2 14 6 15 8 18 30 22 18 10 14 10

Time 1315 945 1030 1215 1030 1315 945 1200 1115 1315 1030 1115

Studled customars load at time of system peak (kW) 53692 47216 30518 42186 42229 38019 40858 41768 45034 J5814 43993 48638

Date 2 14 3 18 3 27 4 7 20 30 20 1

Time 1200 830 1045 1100 1100 1100 1045 1100 1715 1745 1730 1000
Colncidence factor 99% 97% 88% 94% 90% 91% 921% 89% 90% 82% 88% 93%

System peak (kW) 1090088 866080 €97448 559084 576426 498803 528096 648585 857260 969315 1027735 1018046

Rate 2.4 contribution as a % of system peak 5% 5% 4% 8% 7% 8% % 6% 5% 4% 4% 5%

Rata 2.4 studisd customers 26 27 28 23 27 25 27 28 27 25 28 27 27
Rate 2.4 studled customers snergy (MWh) 25077 26215 21598 25850 22592 21780 23694 25474 26530 25184 20798 30883 28047
Rate 2.4 billed customers Nn 32 33 a3 33 N a3 34 34 31 N 32 32
Rate 2.4 billed snergy (MWh) 28315 29749 26179 27784 26055 27989 26700 27843 20831 30234 30138 32621 30449
Studied customers peak load {kW) 48774 48530 45968 49612 44852 41485 47704 50170 52482 48599 59014 59184 540812
Date 16 1 1 24 15 kil 28 27 25 1 28 9 t
Time 1415 1030 1030 1300 1015 1230 1315 1000 1115 1115 1145 1115 1045
Studied customars load at time of system psak (kW) 46915 45332 452448 24168 40256 40682 43742 44520 47005 38765 53085 54637 41146
Date 16 1 10 13 & 31 1 26 25 30 26 9 12
Time 1016 8915 1100 1000 1100 1115 1100 1600 1716 1700 1730 815 1215
Colncidence factor 96% 97% 88% 49% 0% 968% 92% 89% 90% 80% 80% 92% 75%
System peak (kW) $38250 826855 795093 8630804 543244 498043 537727 723912 9856001 1027034 1021667 1093338 942103
Rate 2.4 contribution as a % of system peak 5% 5% % 4% 7% 8% 8% 6% 5% 4% 5% 5% 4%




Figure 4-0
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Figure 4-2A
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Figure 4-2B
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Figure 4-2C
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Figure 4-2D
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