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1. SUMMARY

A. PROJECT OBJECTIVE

From January through December 2003, the Hawaiian Electric Company, Inc.
(HECO) collected data to determine individual rate schedule and total system load
patterns and characteristics. This 2003 class load study report presents the
findings.

The purpose of the study was to provide class load data and statistics for use in
load forecasting, integrated resource planning, cost-of-service studies, pricing and
designing demand-side management programs. The study provides detailed data
on how much and when HECO’s customers use electricity. This allows HECO to
better estimate Jevels of future loads, plan for and utilize existing capacity more
efficiently, determine strengths and weaknesses in certain marketing programs, and
design fair, reasonable and competitive rates that encourage customer load
management.

The study metered and collected 15-minute kW data from 528 selected sample
customers covering each rate class, with the exception of Schedule F (public
streetlighting). Schedule F loads were manually constructed, since all street hghts
are on either photoelectric or timer controls.

The successful implementation and completion of the study was made possible by
the combined efforts of several groups within Hawaiian Electric Company. The
Research & Evaluation Division of the Energy Services Department was initially
responsible for the overall coordination of the study, study design, validation of the
data and generation of the report. The Meter Engineering & Services Division of
the Customer Installations Department installed and maintained the meters, and
collected the data.

B. OVERVIEW OF THE REPORT

This report presents a comprehensive account of the methodology and resuits of

the project. Section 2 describes the sample design. Section 3.describes the data







6. The load factor measures how efficiently the system’s generating capacity is
being used. It is the ratio of the total energy consumed during a given period to
the energy which could have been consumed had the peak demand been
sustained for the entire duration of the period. The higher the load factor, the
flatter the load profile of the class or system being studied. Table 1.5 shows
that in 2003 Schedule PT had the highest load factor, 79%, followed by
Schedule PP at 74% and Schedule PS at 69%. Schedule U had the lowest load
factor, 21%, followed by Schedule F at 34%. Based on the recorded kWh and
system peak, the annual load factor for the total system was 73%.

7. The average system load on weekdays was higher than the average load on
weekends for all months of 2003.

8. Schedule F - This rate applies only to public street lighting customers, of which
there were 392 in 2003, using an average of 8,353 kWh per month. Schedule F
had the second-smallest share of total system sales and system peak, accounting
for just 0.3% of the recorded total system sales during the study period, and
0.8% of the annual system peak. Street lighting does not contribute to any day
peak, and it did not contribute to the instantaneous system peaks in May
through August, because they occurred early in the afternoon, before the
streetlights came on. Only 18% of the class’ total consumption was during the
on-peak period. The annual load factor for Schedule F was 34%.

9. Schedule G - During 2003 this rate schedule served 24,952 small commercial
customers with demands less than 25 kW and monthly consumption under
5,000 kWh. Their average monthly consumption per customer was 1,207 kWh:;
the average sample-estimated maximum non-coincident demand per customer
was 5.6 kW. In 2003 Schedule G contained 9% of customers, but it accounted
for only 5% of the total kWh sold. Schedule G’s annual load factor was 50%:
74% of its usage was on-peak. The average class contribution to the day peak
was 7%, which was 2% higher than its average contribution to the system peak.
The weekday load profiles for Schedule G begin increasing at about 4 AM,
reach a plateau at noon, peak between 2PM and 3 PM, and decrease slowly for
the rest of the day and evening. The weekend load profiles, however, peak at
11 AM or noon, decline immediately until late afternoon, then rise to a second,
lower peak between 6 PM and 8 PM. From 9 AM through 5 PM the average
weekday load was about 35% higher than the average weekend load.

10. Schedule H - During 2003, this rate served 1,194 customers with commercial
cooking and heating loads. Accounting for less than 1% of the total sales,
Schedule H had an average monthly use of 4,323 kWh per customer. The
average maximum non-coincident demand per customer for the study period
was 14 kW. On-peak usage was 74% of total consumption. The annual load
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11.

factor was 56%. Schedule H contributed only 1% to both day peaks and system
peaks. From 4 AM through 11 PM the average weekday load was about 20%
higher than the average weekend load. The weekday and weekend profiles

vary from month to month, but generally show a fast rise from 6 AM to a peak
at noon and a smooth decline from 4 PM to midnight.

Schedule J - This rate applies to commercial customers whose use is above the
Schedule G limits of 25 kW and 5,000 kWh per month. During 2003, 6,389
customers averaged 25,273 kWh per month. The average sample-estimated
maximum non-coincident demand per customer was 77 kW. Schedule J’s
annual load factor was 60%; 68% of its usage was on-peak. From 9 AM
through 5 PM the average weekday load was about 35% higher than the
average weekend load. Both weekday and weekend profiles rise to a plateau
by 10 AM. The weekday plateau lasts until 3 PM, but the weekend plateau
lasts until 7 PM or 8 PM. Schedule J’s contribution to the day peak, 30%,
exceeded its contribution to the system peak, 25%.

12. Schedules PP. PS and PT - The largest commercial customers are served under

Schedule P. Schedule P consists of three tariffs, based on the voltage at which
they are served: Schedule PP takes service at the primary voltage; Schedule PS
takes service at the secondary voltage; Schedule PT takes service at the
transmission voltage.

The 162 customers on Schedule PP accounted for 27% of the total system
energy consumption during 2003. The average recorded monthly consumption
per customer was 1,057,590 kWh. The average maximum non-coincident
demand per customer was 1,929 kW. Schedule PP had an annual load factor of
74%; 64% of its consumption occurred on peak. Schedule PP’s average
contribution to the day peak, 27%, barely exceeded its average contribution to
the system peak, 25%. Weekday and weekend use ran parallel, with weekday
use about 12% higher from 7 AM to 6 PM. The Schedule PP load profiles rise
smoothly from 5 AM to early afternoon, and decline fairly rapidly from 8 PM

to midnight.

The 188 customers on Schedule PS accounted for 11% of the total system
energy consumption during 2003. The average recorded monthly consumption
per customer was 366,984 kWh. The average maximum non-coincident
demand per customer was 773 kW. Schedule PS had an annual load factor of
69%; 66% of its consumption occurred on peak. Schedule PS’s average
contribution to the day peak, 12%, also barely exceeded its average
contribution to the system peak, 10%. Weekday and weekend use ran parallel,
with weekday use about 19% higher from 5 AM to 9 PM. The Schedule PS
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load profiles rise smoothly from 4AM to 10AM or 11AM, and decline fairly
rapidly from 3PM on weekdays, but not until 7PM on weekends.

In 2003 only four customers were on Schedule PT; they accounted for just 2%
of the total system energy consumption during the year. The average recorded
monthly consumption per customer was 3,468,763 kWh. The average
maximum non-coincident demand per customer was 6,004 kW. Schedule PT
had an annual load factor of 79%, the highest of all the rate classes; 58% of its
consumption occurred on peak. Schedule PT’s average contribution to the day
peaks and to the system peaks was 2%. Weekday and weekend use ran
parallel, with weekday use only 3% higher throughout the entire day and night.
The Schedule PT load profiles are nearly flat all 24 hours, with a slight peak at
7AM and a subsequent decline.

13.Schedule R - During the study period, Schedule R’s 251,248 accounts
constituted 88% of HECO’s customers. The average residential customer used
685 kWh per month, and the average sample-estimated maximum non-
coincident demand per customer was 4.9 kW. Schedule R’s class peak demand
and non-coincident demand varied little from month to month. Its average
contribution to the monthly system peak was 31%; its average contribution to
the day peak was 21%. Residential customers had an annual load factor of
48%; 65% of the total class consumption occurred during the on-peak period (7
AM - 9 PM). Schedule R’s load profiles show a moming peak at 7 or 8 AM on
weekdays and from 11AM to 4 PM on weekends, depending on the season.

The evening peaks were at 8 PM, except from September through December,
' 5 $2- . S, b 1 i I dym—

averaged 26% higher than its weekday loads, but the weekend evening peaks
were only 5% lower then the weekday peaks.

14.Schedule U — In 2003 only one customer was on Schedule U, Time-of-Use

(9PM to 7TAM). Because individual customers’ records are confidential, a
minimal amannt af thic enetamar’c data 1¢ inrlhded 10 thic rennrt
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Exhibit 2.1
Load Research Study Lifecycle

Need for
Information 4

Population

The next step is to select the sample and backups, install interval meters and start
collecting the sample data. Our analysis task is to expand the sample data to the
population of interest and to assess the statistical precision. In typical studies, the
8760-hour class expansions and the resulting statistical precision are the key
analysis results. Following the class expansions, we complete the cycle by
modeling the relationship between our dependent variables of interest and our
independent variable. These models are used to inform the planning process when
future sample designs are required.

MBSS Design and Analysis

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 and
one or more x-variables that can be developed from known billing data and other
supporting information. The y-variable can be any of the 8,760 hourly demands of
each customer or any function thereof. The x-variables is usually the customer’s
monthly or annual use or billed noncoincient demand. The model is used to help
choose the sample size # and to help formulate a sample design with efficient
stratification for stratified ratio estimation.

Hawaiian Electric Company, Inc, R 2003 Class Load Study



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.> Once the sample
design is selected, the subsequent analysis of the data is usually based only on the
sample design and not on the model used to develop the sample design. In
particular, conventional stratified-sampling techniques can be used to analyze the
sample data collected from an MBSS 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.

Stratified Ratio Estimation

We assume that a load research study is to be conducted of a given population of
N accounts in a given rate class or market segment. In the study, a load research
interval recorder will be used to measure the use of electricity of each sample
customer on an hourly basis.* We let y denote any customer characteristic to be
determined from the customer’s interval load data, and we let x denote any
suitable characteristic of the customer’s usage that is known from billing data such
as annual use.’

We define the population ratio B by the equation

N

ZJ’ i

B=t—.

2%

i=l
Here the summations are over the entire N units (e.g., accounts, customers or
premises) 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 later is assumed to be
known from the billing data.

We assume that a sample of » customers is selected following a stratified sample
design. 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

* Other methods, called model-dependent sampling, are much more dependent on the accuracy of the
model. Such methods are not recommended in load research applications since they would be more
difficuit to defend than MBSS and conventional methods.

* Although we will speak of hourly usage, it is common to record usage on a 30-minute or 15-minute basis,
* Instead of annual use, x may denote use in a given month or season, or noncoincident demand if the
customer is demand metered.
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stratum. 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:®
2,
b o =t
Z W, X,
i=]

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.

Using the case weights, we calculate the relative precision at the 90% level of confidence
as follows:

1. Calculate the sample residual y, —bx, for each unit in the sample.

>, (v, 1)}

2. Calculate se(b)= 1"

n
S
i=i

_1.645 se(b)
—

3. Calculate rp

A 90% confidence interval for B is calculated using the equation b + rp b. A confidence
interval for the mean or total can be calculated in a similar way.

We can also use the sample data to estimate a measure of population variability called the
error ratio, denoted er. The error ratio, defined in the next section, is the key determinant
of the expected relative precision, along with the sample size n. We estimate the error
ratio from the sample using the following equation:

R R )

er =
H
W,

1]

§ This equation gives the same result as the more familiar stratum-weighted equation: b =

Hawaiian Electric Company, Inc. 10 2003 Class Load Study



The parameter y is defined in the next section. In load research applications it is usually

taken to be 0.8. We will not attempt to interpret the preceding equation here, but we will
give meaning to the error ratio itself in the following section.

Sample Design

The ratio model is the key to choosing the appropriate sample size » and
developing an efficiently stratified sample design. The ratio model describes the
relationship between y and x for the set of all units in the population. The model
consists of two equations called the primary and secondary equations respectively:

Yi =ﬁxs + &
o, =Sd(€f)=0'o x]

Here i denotes any customer, account or premise in the target population. x, >0 is

usually known throughout the population. The primary equation describes the
relationship between the y-variable of interest and the x-variable used in the ratio
estimate, i.e., annual use. Since we assume that Ee,)=0, the primary equation

can also be written as x4, = E(y,)= B x,. Here u, denotes the expected value of ¥

for unit i. The primary equation says that under the model, the expected value of
¥; is equal to a fixed constant # times the x..

The quantity, ¢, = y, -y, , is called the residual. The N residuals are considered to

be N independent random variables. The standard deviation of . _isdenoted as

o;. Wereter to o, as the residual standard deviation of each customer . The

secondary equation is used to estimate the residual standard deviation, and to
guide the development of an efficient sample design.

To summarize, under the ratio model, the target variable ¥, 18 a random variable
with expected value 4, and standard deviation o,. The expected value u, is
determined by the primary equation of the model. The standard deviation o, is

determined by the secondary equation of the model. There are three parameters in
the model: g (beta), o, (sigma-naught), and ¥ (gamma).
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Now we are finally positioned to define the error ratio. The error ratio is defined
by the equation:

N
[

M=
S

H,

M-

1t

1

As we will see in the next section, the error ratio is the key measure of variability
when stratified ratio estimation is to be used to analyze the data.

Choosing the Sample Size

We assume that stratified ratio estimation is planned and that an efficiently
stratified sample design will be used. We also assume that the ratio model
provides a reasonably accurate description of the relationship between y and x in
the target population.

If the population size VN is large, then the expected relative precision is given by

the equation: rp =1.645 —\/e—f- . If the population is smaller, the finite population
n

cotrection factor can be added, giving rp =1.645 /1~ 2 %L If the desired

Nin’
relative precision is specified, then the preceding equations can be solved to
determine the required ». If the population size N is large, we have

(1.6455’1'
n=f ——m7m

2
) . If the population is smaller, the sample size can be calculated in
rp

P4

_1;6_423{} . Then calculate 7= —22 —

rp 1+n,/N
The preceding equations are generally sufficient to develop a preliminary plan.
Added issues must usually be resolved to develop a detailed sample design. First,
there are usually many y-variables of interest: all 8,760 hours as well as the
relevant cost allocators such as the total demand during the 12-monthly system
peak hours. Second, it is often necessary to consider the expected statistical
precision in various segments of the target populations. Third, there are usually
limits on the sample size or other resource constraints. Added methodology is
available to address issues such as these.

two steps. First, calculate », m(
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Efficient Stratification

The preceding results assume that the sample is efficiently stratified. Under the
ratio model, an efficiently stratified sample design can be developed in the
following steps:

1. Use the sampling frame and the assumed model to calculate &, for each
customer in the population.

2. Choose the desired number of strata,’

Sort the sampling frame by increasing o, .

4. Choose stratum cut points to divide the sum of the o, approximately equally
between the strata.

5. Allocate an equal number of sample customers to each stratum.

6. Make added adjustments if the sample size exceeds the population size in
any stratum.

e

Under the ratio model, o, is determined by the x-variable together with the value
of y. Methods are available for estimating » from a sample. Indeed, we have
estimated y in numerous load research studies. We have found that the estimated
values are clustered around 0.8. We have also found that the key results are not
very sensitive toy. Therefore, in load research applications, we generally
recommend the use of y = 0.8 both in constructing strata as discussed in this

section and in estimating the value of the error ratio from a given sample as
discussed in the prior section.

Summary

Extensive experience indicates that stratified ratio estimation is very effective in
almost all load research applications. MBSS methods are generally grounded on
the same principles as conventional sampling methods such as Dalenius Hodges
stratification and Neyman allocation, but MBSS methods are specifically tailored
to ratio estimation. Some methods for calculating sample sizes that load
researchers have commonly used in the past can provide badly misleading results
for ratio estimation. The MBSS approach addresses these problems and provides
a coherent, consistent approach to both sample design and analysis. The MBSS
methodology follows the life cycle of load research studies very nicely.

A bonus of the MBSS methodology is its strength for multiple y-variables and
domains estimation. At the sample design stage, MBSS provides straightforward

7 With MBSS methodology we can systematically assess the gain from increased stratification. These
studies indicate that five annual-use strata are usually sufficient in most load research applications. Some
applications may call for added stratification by seasonal use, customer load factor, etc.
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Table 2.1
HECO 2003 Class Load Study Sample Sizes

Rate | MWh/Mo er | Population| mv90 |Random| Total

E 1,629 0.30 2,007 0 25 25
G 29,031 0.60 26,623 0 95 95
H 8,823 0.44 2,404 0 50 50
JS 132,274 0.47 5,906 90 50 140
JP 17,194 0.27 151 21 10 31
JT 347 na 2 0 2 2
PS 67,630 0.14 183 84 5 89
PP 171,044 0.14 172 84 5 89
PT 14,097 na 4 0 4 4
RE 160,046 0.32 150,783 0 30 30
RN 20,498 0.25 47,021 0 15 15
RS 35,606 0.29 42,857 0 25 25

Total | 598,219 278,113 279 316 595

In the column headed “Rate” class E refers to Electric Service for Employees. In
the analysis of the results, these customers are included with all residential
customers. JP, JS and JT refer to General Service Demand customers (Rate J)
who received service at the Primary (JP), Secondary (JS) or Transmission (JT)
voltage. In the analysis these customers are combined into one Rate J.

Similarly, PP, PS and PT refer to Large Power Service customers (Rate P) who
received service at the Primary (PP), Secondary (PS) or Transmission (PT)
voltage, but the analysis considers these rates individually.

To support long-range forecasting and renewable portfolio standards, the
residential samnle was stratified by the fuel used for water heating. The sample

was obtained from 2,103 respondents to the 2000 Residential Appliance Saturation
Survey. Under the heading “Rate” RE indicates residential customers with electric
resistance water heat, RS indicates solar water heat, and RN indicates neither
electric nor solar water heat (i.e., gas from a utility, propane or no hot water). In
the analysis, however, RE, RN, RS and E customers are combined under Rate R.

Finally, in April 2003 one customer began receiving service under Rate U, Time-

of-Use. That load data is included in the overall analysis, but a section on Rate U
is not included in the report, for customer confidentiality.
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In the JT and PT rates all of the accounts in the population were in the sample. In
the remaining rate categories, RLW Analytics calculated the sample size that is
require to estimate the 12-month contribution of the class to the system peak with
+10% relative precision at the 90% level of confidence. These calculations used
the error ratio and the number of accounts in the population. The design is based
on stratified ratio estimation with five model-based strata for each class. In the JS,
JP, PS and PP rates, the MV90 accounts were assigned to stratum 6, indicating a
certainty stratum.

RLW Analytics recommended 25 meters for the E category. They divided the R
rate into RE (Residential electric WH), RS (Residential solar WH), and RN
(Residential, other) based on responses to HECO’s 2000 Residential Appliance
Saturation Survey. The water heat fuel was not known for the Rate R accounts in
the 1997-98 load data sample, so separate error ratios were not available for RE,
RN or RS. However, the error ratio for Rate R to be .31 was very similar to
results obtained by RLW Analytics for a sample design for Maui Electric
Company, Ltd. Therefore they used the error ratios from the MECO sample
design for RE, RS and RN to arrive at 30 meters in RE, 25 meters in RS, and 15
meters in RN. The sample sizes in these three categories were calculated to
provide +10% relative precision at the 90% level of confidence for the 12-month
contribution of the class to the system peak based on the assumed error ratios.

In the G category, 95 meters were required to provide +10% relative precision at
the 90% level of confidence. This is because of the relatively high variability in
this class, as measured by the error ratio of 0.60.

In the J and P categories, the existing MV90 meters are regarded as a certainty
sample, that is, self-representing. For example, in the JS rate, after taking account
of the 90 MV90 meters, an additional 50 meters were needed to achieve £10%
precision at 90% confidence, for a total of 140 interval meters.

Stratification

In each rate, the five strata were based on monthly kWh for rates E through JS.
Rates JP, PS and PP were stratified based on maximum demand. In the case of JS
stratifying by maximum demand produced an error ratio of 0.72 so the sample
would have been considerably larger. In each case the strata were constructed
using model-based methods with a gamma of 0.8.

Table 2.2 illustrates one of the sample designs. For example, stratum 1 consisted
of all G accounts with kWh less than or equal to 8§18 kWh per month. Stratum 1
was estimated to have 15,386 accounts with a total energy use of over 4,300 MWh
per month. Nineteen accounts were randomly selected from stratum 1.
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In general, there were an equal number of sample accounts in each stratum. In the
case of the J and P rates, however, stratum six is comprised of all of the accounts
with existing MV90 metering.

Table 2.2
Sample Design for Rate G

Stratum |Cut Point| Total kWh |Accounts Sample
1 8181 4,303,123 15,386 19

2 1,564 ] 5,316,071 4,637 19

3 2,525 5,933,349 2,976 19

4 3,764 | 6,464,993 2,100 19

5 22,281 7,013,570 1,524 19

In each stratum, a random number was used to assign a priority to each account in
the sampling frame. Then we included the accounts into the sample according to
the assigned priority. For example, in the case of stratum 1 of the Rate G design
shown in Table 2.2, we chose the first 19 accounts to be in the primary sample,
As long as accounts were available, we chose an equal number of accounts to be
backups. Any remaining accounts were designated as not used, but available, in
the unlikely case of all backups being used.
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3. DATA COLLECTION, ANALYSIS AND EXPANSION

A. DATA COLLECTION

Installation of meters and recorders in the field began in 2001 and ended in
February 2002. The type of meter used at a location was determined by the
customer’s size and type of service. Data collection began April 1, 2002 and
ended December 31, 2003.

Most of the collection of 15-minute interval pulse data was done using ITRON
handheld devices, but meters at most of the large accounts were interrogated
directly over telephone lines. The data was downloaded to a PC and translated
using MV-90 software. It was then edited, validated and analyzed. The analysis
period of January 2003 to December 2003 was chosen to correspond with a test-
year calendar and to capture the several all-time peaks which occurred in the
second half of 2003. Exhibit 3.1 depicts the load research procedure.

B. DATA VALIDATION

Two checks were performed to ensure that the data collected appeared reasonable.
The first was a comparison of the summation of translated kilowatt-hours and
elapsed time derived from the meter pulses to that in the meter registers. The
second compared the derived kWh/day with that shown in HECO’s customer
billing system, which was collected independently over approximately the same
time frame. ‘

C. DATA EDITING

Eight Schedule J and twenty-one Schedule P sample accounts had gaps of more
than a few intervals’ duration in 2003; most were due to MV9Q communication
problems with some large customers in September and October.

Data editing was entrusted to RLW Analytics because of their experience in filling
gaps in load data. Using their proprietary software, Visualize-IT, RLW Analytics
fit the missing kWh under typical load shapes obtained from corresponding dates
either in the same month in 2003, or in many instances, frorn the same month in
2002, while matching the recoded monthly maximum demand, if available from
the billing system.
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The gaps did not impact the integrity of the study. None of the eight Schedule J
sample accounts were missing data on the dates of monthly system or day peaks.
One PS account was missing data for the system peaks in January and February
and the day peak in January.

D. DATA ANALYSIS AND EXTRAPOLATION

Visualize-IT software, developed by RLW Analytics, Inc., and SAS programs
written by RLW Analytics, Inc. were used to analyze the data. After validation

and filling gaps, the 15-minute kW data for each sample account were aggregated
into 60-minute integrated demand for each hour of the year and assi gned a case
weight, based on the ratio of the average number of customers in the population
who fell within each stratum to the number in the sample within each stratum. The
aggregated individual load data was then averaged by hour by month by day type
to give a mean-per-unit value for each hour’s kW in a rate class.

The total class load estimates were obtained by multiplying the case-weighted
sample mean estimates by the recorded class total population for the data period.

For each month, each class’ data was normalized to the recorded total sales for that
class. The total system load profile was obtained by adding the class load profiles
at the sales level and multiplying it by the amount necessary to match the total
system gross generation for the month. Where hourly estimates were needed, the
multiplier was adjusted to the actual recorded generation for each hour of the year.
Exhibit 3.2 depicts the process of totalization, and shows the number of accounts

in each stratum from which data was collected.

Severgl samnle accountsl ispepchangedbatieendN0]_ybich wap thaghasa vuscs, .
.

for stratification and selection, and 2003. Accordingly, the final stratum counts
differ from the original sampling plan.

Also, the total number of accounts in Exhibit 3.2 is 752, not 715, because 37
accounts changed schedules during the period of data collection and contributed to
the databases for two rate classes.



Exhibit 3.1
THE LOAD RESEARCH PROCEDURE
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Exhibit 3.2
THE RESIDENTIAL TOTALIZATION SCHEME

SUMMARIZATION LEVEL 1 z 3
NUMBER OF ACCOUNTS STRATLIM RATE CLASS RESIDENTIAL SERVICE
Avg kWhnimo
5 0593
5 594-795 Electric Service
5 796-994 for Employees
g 395-1.277 {
5 1,878 <
Avg KWhimo
6 0-463 Aesidentiat
6 484.644 Service
) 545846 Fiectric
B B47-1,162 Water Heat
[ 1,163 « {RE)
Avg KWh/mo Residential Sarvice
3 0-250 Residential {R)
3 291418 Service - /
3 418-622 Neither Electric nor
3 £22-833 Solar Water Heat
3 834 < {HN)
Avg KWh/mo
5 0-584 Residential
5 5957584 Service -
5 751011 Solar
5 1,012-1,376 Water Heat
5 1,377 < (RS)

Note: To support more detailed analyses, Rate E was sampled separately and Rate R was
stratified by type of water heat; but for comparison with previous class load studies, all sampled
accounts were appropriately weighted and combined in one Rate R.

Hawaiian Electric Company, Inc. 24 2003 Class Load Study



Exhibit 3.3
THE COMMERCIAL TOTALIZATION SCHEME

SUMMARIZATION LEVEL 1 2 3
NUMEBER OF ACCOUNTS STRATUM RATE CLASS COMMERCHAL, SERVICE
Avg KWhimo
19— 817
19— B18-1563 General Service
1Y — 1.564-2 524 Mon-Demand
L 25253 763 @)
19— 5,768 <
Avg kWhirmo
10— 02,524 Commertial
10 mee————— 2,525-4 443 Cooking, Heating,
10— 4.444.5.6857 A/C & Refrigaration
10— 6.658-11.134 Service
10 . _ 140" ——————

= p— =
Avg Matared Damand (kW)
2 0-226 Geoneral Service
2 227-375 Demand
2 376-629 Primary Voltage
2 £30-2.039 Sarvice
2 2,040 < Py
21 MVSD accounts
Avg kWhimo
10— 0-10,462 General Service
W ——— 10,462-20. 865 Demand General Service
10 ———————— 20,869-37,848 Sacondary Voltage Demand
10 e 37 BAB-74,338 Servive 1)
0 ———— 74,335 < {JS})
L MVS0 actounts
Generai Sesrvice
Demand
2 Transmission Voltage
(4 accounta in the population) Sorvice
1)
Avg Meterar Damand (kW)
1 0-649 {arge
1 £50-1,133 Powar
1 1,334.2,392 Primary Voltage
1 2,393-4.888 Service
1 4,889 < {PP)
84 MVED actounts
Avg Metered Demand (k)
1 0418 Large
1 419-544 Power
1 545-598 Secondary Voltage
1 899-1,011 Sewvice
1 1013« {P3)
84 [INER]
Large
Power
4 Transmission Voitage
{AR accounts in the poputation Service
(FTy
Schedule F Not sampled:  Load data was manually constructed,

Schedule U Not sampied: All accounts (n=7) were included in the study.



4. TOTAL SYSTEM LOAD

This chapter analyzes the entire system load. Load data was collected every 15
minutes at the customers’ meters, validated against billing data, edited as
necessary, summed by hour, extrapolated on a mean-per-unit basis to the total
class, and normalized to the official monthly sales.

The system load at the sales level was derived by summing over all rate classes the
data normalized to sales. Statistics at the gross generation level were calculated by
adjusting the sales-normalized data for line and transformer losses. This was done
by normalizing it to the recorded system load profile provided by the System
Operation Department.

Finally, the classes’ contributions to system day and peaks, the hourly load on the
system day and peak days, and the average weekday and weekend profiles were
normalized to the recorded system generation.

Here are the system load characteristics:

1. During 2003 the Hawaiian Electric Company, Inc. served an average of
284,530 customers; total sales were 7,522 GWh. Schedule R accounted for
88% of the total customer count, and for 27% of the sales. Schedules PP, PS
and PT together made up only 0.1% of the customer count, but contributed the
largest amount of sales, 41%. Table 4.1 summarizes the number of customers,
sales, and contributions to the twelve-month system peak and day peak by rate.
The class contributions to the system and day peaks are also shown in Exhibits
4.1 and 4.2, respectively.

2. The annual system peak occurred on Monday, October 27, 2003 at 6:42 PM.
Schedule R contributed the most to the system peak (38%), followed by
Schedule J (24%) and Schedule PP (23%). Table 4.2 and Exhibit 4.3 show the
contribution of each rate schedule to the system peak for each month. The
hourly load at the time of the system peak is normalized to the instantaneous
peak demand.

3. The annual day peak occurred on Saturday, July 25, 2003, at 2:06 PM. (A day
peak is the highest demand before 4 PM.) Schedule J contributed the most to
the day peak (29%), followed by Schedule PP (27%) and Schedule R (22%).
Schedule F, Public Streetlighting Service, does not contribute to day peaks,

since the lights are on either photoelectric sensors or timers. Table 4 3.and




4. Table 4.4 displays the recorded system peak demands. The system peaks
occurred during the early afternoon in May, June, July and August. The
difference between the two peaks was largest in February (69 MW).

5. Table 4.5 and Exhibit 4.5 provide monthly reports of the sample-estimated
hourly load by rate schedule on the days of the recorded system peaks. The
hourly load is normalized to the actual 60-minute integrated peak demand.
Table 4.6 displays the percent contribution of each rate schedule to the hourly
peaks.

6. The estimated total system load is compared to the actual generated load for the
days of the monthly system peaks in Table 4.7. The sample-based estimates for
the system peaks are fairly accurate. The average absolute error of the
estimated total kWh on the system peak days is 0.6%. At the hours of the
twelve instantaneous system peaks, the average absolute error of the estimated
kW is 3.6%. At the hour of the highest system peak (10/27/03 @ 18:42),
however, the estimated kW is 9.7% higher than the actual generated load; this
is the largest error. Exhibit 4.6 displays the sample estimated 60-minute
inteerated demand agaipst the recorded svstem Joad. hows each rate

recorded sales, not to the actual system loads.

7. Table 4.8 and Exhibit 4.7 provide monthly reports of the sample-estimated
hourly load by rate schedule on the days of the recorded day peaks. The hourly
load is normalized to the actual #0-minute inteerated neaks. Table 4.9 disnlavs



10. Tables 4.12 and 4.13 report hourly load data for the average weekday and
weekend at the gross generation level for the total system. The load is
normalized to the actual system loads. As shown in Exhibit 4.9, the monthly
weekend and weekday load profiles follow the same pattern, with the weekday
load noticeably higher than the weekend load between 6 AM and 8§ PM.

11.The load factor measures how efficiently the system’s generating capacity is
being used. It is the ratio of the total energy actually consumed during a given
period to the energy which could have been consumed had the peak demand
been sustained for the entire duration of the period. The higher the load factor,
the flatter the load profile of the class or system. Table 4.14 shows that among
the rate classes, Schedule PT had the highest load factor, 79%, followed by
Schedule PP, at 74%. The annual load factor based on the recorded total kxWh
and instantaneous system peak kW was 73%.

12.Table 4.1 showed that Schedule R had the highest consumption of the total
system, but just § MW more than Schedule PP, followed by Schedules I, PS, G,
PT, H, F and U. Table 4.15 shows that Schedule R accounted for the largest
proportion (34%) of energy use during the priority-peak hours. Schedules J
and PP each accounted for 27%, and Schedule R accounted for 25% of the
energy use during the peak hours. And Schedules PP and R accounted for 29%
and 28%, respectively, of energy use off-peak. Table 4.16 shows that, across all
rate schedules, 14% of consumption occurred during the priority peak hours,
52% occurred during the on-peak hours and 34% occurred during the off-peak
hours.

Time-of-Use Period Definitions:
Priority Peak: 5PM-9PM  Monday through Friday

On-peak: 7AM-5PM  Monday through Friday
7AM-9PM  Saturday and Sunday
Off-peak: 9PM-7AM  Daily
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5. SCHEDULE R: RESIDENTIAL SERVICE

The residential class is the largest in the system. During 2003 it contained an
average of 251,248 customers, or 88% of all customers. Schedule R accounted for
27% of total sales during the study period, with an average consumption of
172,210 MWh per month, or 685 kWh per customer.

The residential load data revealed these patterns and characteristics:

1. During 2003 Schedule R’s average monthly consumption ranged from a low of
592 kWh in February to a high of 744 kWh in August. The weighted average
monthly consumption for the 90 customers in the sample was 685 kWh, which
was the average for the population.

2. Table 5.1 summarizes the monthly residential load statistics per customer
normalized to the sales level. Table 5.1 also shows the non-coincident and
coincident demands of the residential sample.

The non-coincident demand is a customer’s highest demand during a calendar
month. The class non-coincident demand is the total non-coincident demand of
all the customers in the class.

The coincident demand of a customer is the demand which a customer puts on
the system at a specified time, either the system peak, day peak or class peak.
The class coincident demand is the total demand of all customers in the class at
the specified time.

The diversity factor represents the extent to which the peak demand of each
individual customer in the class occurs simultaneously. It is the ratio of the
maximum non-coincident demand per customer to the coincident demand per
customer at the class peak, expressed as a percent.

The residential sample’s average diversity factor was 273%. The average non-
coincident demand per customer of 4.9 kW; the average coincident demand per
customer at the class peak was 1.8 kW. The maximum coincident demand was
highest in November; the maximum non-coincident demand was also highest in
November. Both were fairly constant throughout the year.

3. The sample’s monthly load factor ranged from 48% to 55% during 2003, with
an average monthly load factor of 52%.

4. Schedule R’s monthly peaks occurred between 6 PM and 10 PM, except in
November, when it occurred between 5 PM and 6 PM. The residential hourly
loads on the day of the class peak in each month are reported in Tables 5.2
(total class) and 5.3 (average per customer).
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5. Table 5.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation. To extrapolate the demand from the sales
level to the gross generation, the sample-based estimates for each class of sales
at the peak hour were added, and the sum was normalized to the actual system
or day peak for each month.

Schedule R’s contribution to the monthly system peaks, 32%, was higher than
its contribution to the day peak, 21%.

Its contribution to the monthly system peaks ranged in amount from 243 MW
in May to 493 MW in October and in percentage from 21% in May and June to
40% in April.

The contribution to the day peak ranged in amount from 211 MW in November
to 278 MW in August and in percentage from 18% in October and November
to 23% in January.

6. As shown in Table 5.5, 65% of the total residential kWh consumption occurred
during the system on-peak period (7 AM to 9 PM daily), with 17% occurring
during the system priority peak period (5 PM to 9 PM, Monday through
Friday).

7. Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 5.6 through 5.9.
The gross weekend and weekday loads are graphed in Exhibits 5.1a through
5.11. Schedule R’s load profiles show a morning peak at 7 or 8 AM on
weekdays and from 11AM to 4 PM on weekends, depending on the season.
The evening peaks were at 8 PM, except from September through December,
when they were at 7 PM. From 8 AM until 7 PM Schedule R’s weekend loads
averaged 26% higher than its weekday loads, but the weekend evening peaks
were only 5% lower then the weekday peaks.
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6. SCHEDULE G: GENERAL SERVICE NON-DEMAND

The General Service Non-demand class consists of small commercial customers
who have demands less than 25 kW and monthly consumption under 5,000 kWh.
The second-largest class in the system, during 2003 it contained an average of

24 952 customers, or 9% of all customers. But Schedule G accounted for just 5%
of total sales, with an average consumption of 30,115 MWh per month, or 1,207
kWh per customer.

The Schedule G load data revealed these patterns and characteristics:

1. During 2003 Schedule G’s average monthly consumption ranged from a low of
1,062 kWh in February to a high of 1,309 kWh in August. The weighted
average monthly consumption for the customers in the sample was 1,206 kWh,
which is 0.1% lower than the average for the population (cf. Table 1.8).

2. Table 6.1 summarizes the monthly Schedule G load statistics per customer
normalized to the sales level. Table 6.1 also shows the non-coincident and
coincident demands of the General Service Non-demand sample.

The non-coincident demand is a customer’s highest demand during a calendar
month. The class non-coincident demand is the total non-coincident demand of
all the customers in the class.

The coincident demand of a customer is the demand which a customer puts on
the system at a specified time, either the system peak, day peak or class peak.
The class coincident demand is the total demand of all customers in the class at
the specified time.

The diversity factor represents the extent to which the peak demand of each
individual customer in the class occurs simultaneously. It is the ratio of the
maximum non-coincident demand per customer to the coincident demand per
customer at the class peak, expressed as a percent.

The Schedule G sample’s average diversity factor was 181%. The average
non-coincident demand per customer was 5.6 kW the average coincident
demand per customer at the class peak of 3.1 kW. The maximum coincident
demand was highest in June; the maximum non-coincident demand was highest

i gy oy il on s tmar o e gl

o ;

—

E

2 The samnle’s monthlv load factor ranged from 50% to 36% during 2003, with




5. Table 6.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation level. To extrapolate the demand from the
sales level to the gross generation, the sample-based estimates for each class of
sales at the peak hour were added, and the sum was normalized to the actual
system or day peak for each month.

Schedule G’s contribution to the system peak, 5%, was lower than its
contribution to the day peak, 7%.

Its contribution to the system peak ranged from 45 MW in April to 88 MW in
July.

The contribution to the day peak ranged from 73 MW in February to 88 MW in
July. (In July, the day peak was also the system peak.)

6. As shown in Table 6.5, 61% of total Schedule G kWh consumption occurred
during the system on-peak period (7 AM to 9 PM daily), with 12% occurring
during the system priority peak period (5 PM to 9 PM, Monday through
Friday).

7. Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 6.6 through 6.9.
The gross weekend and weekday loads are graphed in Exhibits 6.1a through
6.11. The average weekday and weekend load profiles differ. The weekday
load profiles for Schedule G begin increasing at about 4 AM, reach a platean at
noon, peak between 2PM and 3 PM, and decrease slowly for the rest of the day
and evening. The weekend load profiles, however, peak at 11 AM or noon,
decline immediately until late afternoon, then rise to a second, lower peak
between 6 PM and 8 PM. From 9 AM through 5 PM the average weekday load
was about 35% higher than the average weekend load.

Hawalian Electric Company, Inc. 34 2003 Class Load Study
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T._.SCHEDULE J: GENERAL SERVICE DEMAND

The General Service Demand rate class consists of commercial customers who
exceed 25 kW demand and monthly consumption of 5,000 kWh. Schedule J is the
third-largest class in the system. During 2003 it contained an average of 6,389
customers, or 2% of all customers. But it accounted for 26% of total sales, with an
average consumption of 161,471 MWh per month, or 25,266 kWh per customer.

The Schedule J load data revealed these patterns and characteristics:

1. During 2003, Schedule J’s average monthly consumption ranged from a low of
22,304 kWh in February to a high of 27,504 kWh in August.

Schedule J was stratified by voltage service level: JP customers take service at
the primary voltage; JS, at the secondary voltage; JT, at the transmission
voltage. JP customers were stratified by average maximum monthly demand;
IS customers, by kWh per month. During 2003 there were only two JT
customers; both were in the sample.

The average maximum demand for the JP sample was 392 kW, 1.9% lower
than the average for the population. The average kWh per month for the JS
sample was 21,267 kWh per month, 6.0% lower than the average for the
population (cf. Table 2.4).

The average energy consumption for the entire Schedule J sample was 25,252
kWh per month, which is 0.1% lower than the average for the population (cf.
Table 1.9).

2. Table 7.1 summarizes the monthly Schedule J load statistics per customer
normalized to the sales level. Table 7.1 also shows the non-coincident and
coincident demands of the General Service Demand sample.

The non-coincident demand is a customer’s highest demand during a calendar
month: The class non-coincident demand is the total non-coincident demand of
all the customers in the class.

The coincident demand of a customer is the demand which a customer puts on
the system at a specified time, either the system peak, day peak or class peak.
The class coincident demand is the total demand of all customers in the class at
the specified time.

The diversity factor represents the extent to which the peak demand of each
individual customer in the class occurs simultaneously. It is the ratio of the
maximum non-coincident demand per customer to the coincident demand per
customer at the class peak, expressed as a percent.

Hawaiian Electric Company, Inec. 35 2003 Class Load Study



The Schedule J sample’s average monthly diversity factor was 147%. The
average non-coincident demand per customer was 77 kW: the average
coincident demand per customer at the class peak of 53 kW. The maximum
coincident demand occurred in November; the maximum non-coincident
demand occurred in October.

3. The sample’s monthly load factor was quite steady during 2003, ranging from
63% to 67%, with an average of 66%.

4. Schedule J’s monthly class peaks occurred anywhere between noon and 3 PM.
The hourly loads on the day of the class peak in each month are reported in
Tables 7.2 (total class) and 7.3 (average per customer).

5. Table 7.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation level. To extrapolate the demand from the
sales level to the gross generation, the sample-based estimates for each class of
sales at the peak hour were added, and the sum was normalized to the actual
system or day peak for each month.

Schedule J°s contribution to the system peak, 25%, was lower than its
contribution to the daytime peak, 30%.

Its contribution to the system peak ranged from 255 MW in April to 381 MW
in June. _

The contribution to the day peak ranged from 321 MW in January to 393 MW
in November.

6. Asshown in Table 7.5, 56% of total Schedule J kWh consumption occurred
during the system on-peak period (7 AM to 9 PM daily), with 13% occurring
during the system priority peak period (5 PM to 9 PM, Monday through
Friday).

7. Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 7.7 through 7.9.
The gross weekend and weekday loads are graphed in Exhibits 7.1a through
7.11. Both weekday and weekend profiles rise to a plateau by 10 AM. The
weekday plateau lasts until 3 PM, but the weekend plateau lasts until 7 PM or 8§
PM. From 9 AM through 5 PM the average weekday load was about 35%
higher than the average weekend load.

Hawaiian Electric Company, Inc. 36 2003 Class L.oad Study



Apmig peo sse|n £00z ‘ouf ‘Auedwo? 911083 uejemeH

"SSEI0 B JO JOQUIBLU 438% JO PUBLUSD LNUIXELL 8U) JO LNS Pelybiem at) 0] SSEIS 8U} JO PUBLLEP WINWIXEW oY) j0(% e se}ones = Jope} ecusppUB) (g
“(sinoy 30 Jequinu x puewap yeed) / yamx 4o (% e sej ofje) = 10108 pron (g

'SSE BIUS By} JO PUBLUED JUBPIOUIOD WNLIIXEW BU] 0} SSEJD 81} JO JBGLUSL YIBA j0 PUBLIBE WNWIXELL 81 j0 Wns peybiem ouj Jo oner = Jojoe) Ausseng (b
"SPUBLLIBP WALIXBW [ENPIAPU| T = PUBLBD AQY JUSPIOURG-UOU inuixepy (¢

‘Ap wd § 0} wie 7 woy i jesd up (Z

"puELuep pejesBsiul einuiu-0g st puewsa p ()

'5SION
%99 %ES %89 %Sy %99 %L €Ll 605 Vv 9'Z8 %ZE %89 992'sZ €8l ofeseny
%0L %P %L %P %G9 %6E L K17 g8y '6e F0§  O0WL-S0/ZL  %IE %S0 EOE'bE £81 laqueneq
%8O %GS %69 %EY %ED %SGt kL% ¥'GS St 688  0DEL-GO/L %IE %89 ZPE'SE £8L  lequuesoN
%L0  %9S %S9 %EY %49 %SGGL 4'v8 P L't ays  00'SL-90/0L %ZE %89 zee'iz €81 189010
%63 %SE %69 %Ly %89 %Py €L L'ES rad 9'es  O0RL-PTIB0 %LE %69 £pe'ee £81  Jequeideg
%ES %6y  %/9 %¥b %99 %051 g'es aZs £ 868 00WL-9Z/B0  %IE %80 $05'L2 €8 snbny
%83 %IS  %il %ib %49 %0k L gvl S04 Py LES  O0'GL-BLIL0  %ZE %89 00g'92 g€gL  Apr
%99 %O %L9 %EP %59 %061 ¥'es 6'vS Lo 968 QOEL-PZ/A0 %ZE %89 y98'sZ £RL  aeunp
%68  %LG %L %it %59 %8l ¥zl 6P it $'25  O00EL-VLS0 %ZE %80 soL'se £ Aew
%99 WIS %0L PA %G9 %Erl oGt Zos v'6t LTS OUELBIH0  %2ZE %89 96L'v2 ERL  judy
%EQ  %BY %59 %UEY %LG %Gl £8L o6y Z'8t 808  00GL-80/60  %IE %S9 Z51'sz EBL  ydey
%P9 %0§  %4g %by %L G Y%EG) q9'gL 5'8p ¥t Per  00GL-GZfZ0 %lE %69 ¥0E'ZT £gL  Aerugey
%G9 %LS %09 Y%tt %99 %eGi oL 6P 598 g9y QOWL-PE/I0  %ZE  %BO oge'zz €84 Asenuzp
(rAk=d (FH=C (r9)=N n 1 (D) =¥ f t H 9 ET 3 a ] g L
yeed Nead yead puBiteg pueweq 103084 puewag Wvdd Wvad ¥vdd  INOH-8eQ  weed dead HARY oy Yoy
Aeq wejsAg sSR|)  UAPOWOD-UON  JUBPIMMOD  ANSIGAIQ WAPIOUIOD-UON  AVd WALSAS  SSVID  Yeed ssB[D HO w0 ejdureg

$0 8wl e uo paseg o paseg WNHXR N JO 3wy e pueiag A

101384 BAUBPIIVNOY ioyse 4 peoy 10§38 4 peoty

ALY il

puewa( 92IAI8S [BIBUSS) P SINPAYDS
13A471 S3TVS FHL 1V SOLLSILVLIS avOl ATHINOW 40 AMVWANS
L2 8iqe]



Apnig peoq sseid gooz

big'tye

¥iv'e6l
ses'zee
LEZ'9EZ
Lo8'eez
§65'252
966'}42
804’142
1£2'262
Leg'L0e
crg'sie
1887426
661'cZE
Y2128
eeg'aLe
¥SrLog
080'v8Z
££8'2¥C
ZEL'0ie
098°Zat
210'e9l
LE¥'4GL
BL66GE
958'L9l
££g8'091
iagiueseq

£02's9z

££6°Z61
2EL'942
LWS'Pez
(AWATr4
08s'slz
SPR'Hac
698'962
249°0ZE
G95'9EE
020'ibe
6v9'b5e
i e
eie'are
6£9'L1E
966'62€
22£'90¢
290'692
ovp'iez
£6+'861
$9.'a91
6LE'G8I
vov'ziL
€69'041
292981
JAgLDAGN

181082 gzv'
£66°661 88€'88]
$8G'G1Z zi0'g)L
vizZ'sve S6Y° L1y
66E°LET 18€'CH;
194'65z B40'69%
128'992 65€'CL5
609'c82 200°16%
ove'L0E 2£1'gi¢
LI A T ZEG'sT
6.2'v5¢ 0GL°GE
9£E"0vE ZZE'TY
viE'0gE ¥69'Sy
y2i'vee vZo'2y
198828 PI'QE
P96'LLE 109'62
$£9'262 680°90
£16'982 0E9'80%
688022 2i8'epz
gigsa/l £v0'607
965'Sh1 8BF'EQL
061'0vE 082654
Zoz'grt Sri'g6L
98051 6vL'85E
001'55} ZG5'¥ol
Jaqoing JO{LUB)(
j9AD
SHV3d SSY




Apmg peon SSB|D £00Z "ou| ‘Auedwion J08)3 ueijeme}

2'8e Sy 8'8¢ LAY 4 9'0r £8¢ 'y 9L i'LE ERAS 6'9¢ Fa1) ebeiany
80g Zoe 6'0¢ (414 182 ¥ie &l (A4 i'ge (414 L'62 Lie 44
¥ye 6eg £'Ee aee L'EE £'se Zot oie gie 44 b'gg gt 4
S'9E FA N ole vig g'ge 64t '8¢ bvee 6'vE 9'se Z'GE b'ee T
b'gg L&Y 8'6e Lig LiE A Fiv ZEE ove Vet L'5e £'zZe (74
8'6e gy 9'6E Liv iR oor 29y oie Z'Le 2'8e vae i'sg oz
0zy G €Ly vy iy L0p (1) 44 e oge S0y g'ge ge 13
ey ¥or 6ty (374 L'yy Eep rAVL 4 66t 9’0y ety €0y £or 113
314 Los L8 Y gar <8y 208 ey v'sp ig*4 44 G'Ey Fas
Siv LAt 0es §'0g 0es L'6¢ g'ee 66y 414 vay O'gy oSy 9l
4.4 €'ve 8vg 0zg L'§8 L'Es L'ES Viv 26y 8'0g vév L'a¥ §i
905 P85 At L'Eg 968 62s Lig 2 68r §'26 208 o'st 8oy 143
0os 665 L'ig o'es 968 vor 9'6g r'zg L8 805 2Ly o9y £}
L6y Ll 4 c0s 0'Eg 0vs iy avg Liy Z6¥ g'ap rip o'or 43
'8y ¥'¥s 008 LA ¥Veg 9y 6'2g ey 98t €08 g9y (444 14}
oot g'ig '8t Vig AN 6°5F P sy oy Ly sy (A4 o
6ty osy £S5y A 96r gy L6y L'Er ey 704 oer L3 6
AN Py L'6€ Ly v’y viE 8'ey 5'9e £L9e £ie z'ig L'8E g
&'ze 29t Z've gt 8'se £'te ¥yee [ :74 Zzoe e Log L'ze 2
14 o'Le £42 gig L'ie §ie YiZ £'6e V'iZ 692 19z bie 9
=14 yog g2z €52 vz (A4 §ze T4 i'yz oee 474 VEZ g
1 4 Fse L'ie (74 VEz oze g'ee 9ee A YA §ie L'€Z gez 4
Lve 0Lz 622 (9% .74 g 6'ee 6'¢Z g'ee 62¢ Vg 6'ee 9zz £
osg 942 £'ee gve £ve [Ar4 96e i'ez 8ee ez ve 'tz F4
852 L'6C ove S'6¢ 192 48z 842 B'ET obe £'€Z 9 2'sg b
BQWBdaT  IBGUHAADN Bgoisn jaquadss sniny Kf BUAp LT Y] USTER Kienigag Kienimwp BN

[8A97] seleg ay; je puewsq Apy psjesbaiu| snuip-og
puewsq eomeg jeseusg :p anpayog

SMV3d SSVI0 IHL 4O SAVA IHL ¥O4 HIWOLSNO ¥3d viva (MW) avol ATHNOH
€'/ 9)qe) _



Apms peot sse)n £00z ‘ouj ‘Auedwo) ayyoeg uepemen

8L ® €002 ‘L2 40GOJ00 UO PaLINm20 AN ¥82'} Jo yeed weysAs snosuejuelsul cooz oy :sjoN

%G 0¢ 1£5'6G¢ %y'SZ 287'10¢ abBesony
%8 0¢ 065°€G¢E %622 Ziv'9.2 laguweoeq
%0'€E 122'€6¢ %9'vZ G5 'P0E laquiaaoN
%Y LE 2.6'28¢ %6°€2 GLL'20€E 18goQ
%8 62 €61'69¢ %02 9/2'50¢ lequieldeg
%S 62 €.0'/9¢ %G 62 €.0°20¢ Isnbny
%b 62 6G/.'89¢ %y 62 : 65.'89¢ Apnp
%9°LE 6.1'18€ %9 LE 6.¥°18¢ aunp
%2 6C £00'Gre %Z 62 £00°'GrE Aep
%6 0€ gzL16¢e %0°22 89G'vGZ fdy
%t 0E 828'ave %61 Z61'66¢2 yosep
%4°0€ 8¥0'62¢ %LEZ 9ve'0L2 Aerugey
%8 8¢ 166'02E %022 825°1SZ Arenuep
tiuow

WILSAS 40 % MY SSv1D

| s_m.u.m>m

[~

POZIEWION ‘9ART SS0ID By} je puewsq MY peleiBajul sInuiy-09
puewiag 808G [eleuss) f 8jnpayos

SHVId AVA ANV WILSAS 3IHL OL SNOILNEILINOD SSY1D
v'ielqe]



Apms peo sse|) £002

Afjag 'we £ - wd 6 qeed-uO

Aepung pue Aepimeg ‘wd g - we £
Aepu4 ybnouyl Aepuop ‘wd g - we 4 NEB-UD
Aepud ybnomy Aepuop 'wid g - wd ¢ yeay Aonud

‘ouj ‘Auedwo) oujoe|y ueemey

SejeUnSe sidwes WoJj Sejes PazBWION (BJoN

'suofjjuyeq asn-jo-aull %001 %ZE %95 %E L juaiag
£56'259'/€6'L S/4'969'CL9 GSY'996'840'L £29'686'YYZ  I1mI0)

%001 %EE %8G %EL L52'v98'261 £09°Ly8'6Y LL0'p2L'98 £80'664'02 18qusoe()
%001 %ZE %LS %L Z0L'880°291 OrZ'zZI9'LS ZLL'8EE'26 062'8E1'E BqusAON
%001 %EE %55 %Et 299'242'941 £61°8v8'6S 98r'EGY L6 yr0'L16°22 1840100
%001 %48 %95 %E SPELLE'69L SLELEL'ES 122'128'v6 608°856'L2 taqueideg
%004 %2E %95 %zl 826°YES'SLL SEE'E0L'GS §15'486'86 8/9CpL'L2 18nfiny
%001 %CE %G5 %EL 295'692'994 9E6'96L'ES 100'62£'26 619'460'22 Anp
%001 %2E %95 %zt OEP'E6L oL Z08'960'2S v15'86b'26 ¥50'666'0Z aunp
%001 %ZE %95 %eh LB L2091 YOS Z¢9'0G ¥£0'204°68 €66'LLL'61 Rep
%004 %ZE %96 %EL 809'/89'051 91+'699'6¥ 0.0'6.6'08 ZZL'BE0'02 tdy
%001 %2E %G5S %EL 106'39Z'094 ¥£0'222'16 $£2'1.08'98 vED'0¥Z'02 yosey
%001 %L %9% %EL 96%'L¥6'0pL 18L°9v2' vy £6¥'155°9. 8LZ'EYL'SL Asenige
%001 %EE %55 %EL 695'LG4 brL LS4 'vLg'SY 860'62.'6.L 0ZL'iy)'6L Alenuer
jejoq yead-yo sead-up Head Ajuolid ©1I0L yead-jo Nead-ug yead fjoid  yiuow

[ 9S[}-JO-81U] | Af} pRO™| UMM JUBIITH

981~j0-all} ), AqG peoT AN

puewe(q @0IAI8S |BIBUSD) P BINPaYdS
TAAIT SITVS IHL LV IASN-H40-3NIL AS AVOT UMY SSY1D

G'Lojqel



Apmg peo sse|y gooz _ ‘ou| ‘Auedwo? auyoe|g uejieme}y

OvZ'8Ye  62'P9Z  998'viz YiV'SiZ  SY6'viz  18e'eoz 8L0'89Z  8.G'0ST  vbl'zgz vev'zae  189'zvz  6l1G'9zz ebesany

BYZ'EgiL L9¥'6a1 68E'¥6L 069'681 LeL'6i 966'E6} 00z'961 0v6'64L L0y Giz'val 6Li'eL) 220'891 1 <4
£9£°66) 206°c0Z AT H SR 4 POZ'ELE Lid'arg 608'Ziz er A ¥er'861 £90°96L 192102 $85'261 £S2'ZHL £Z
£eg'8te 906'02Z ¥06'66Z 9888 greeee T4 A 15e'082 poOL9LE £92'24e 9ea'6Lz 209'tiz 909°964 [44
zi8'62z L5LEET 998'Crz Z91'v5e 9L9'052 288t pE $eL'sye zes'see 860'5Z¢ Lee'ggz ze6'g1z ¥ee'eoe 24
£05'9r2 886'95¢2 SeL'LiT bi6'e82 GEG'0982 6L1'24Z 008527 G60'PST v96'6¢¢ £rae5z 1£0°6k2 Lig'ezz 0z
Z9r'592 928'9.2 282687 oge'vez 898'vee 69912 Lpz'rLe €99'vaz 80L'042 OLY'ELZ 1668'69Z viy'sve 113
6E£5'692 S96'v6Z £92'962 8eC'08Z 592'/62 EE0'GRE 81L9'cpe iv'ose 0£L'90Z 1111 B T 118642 8i
vro'i6e 816'80¢ Li6'BEE 969'91¢ Sli'peg G8¥'L0E LTA AT §90'10¢ 0£2'¢62 616262 185" yaZ 961'59Z 14
096°GLE S9g°LEE 219'vppE L0L'9ve YSY'erE 8Z6'0EE 6PY'0PE veo'aee 218'02e yio'gie £08'Lig £09'882 9i
reR'9Ze £8b'26e 86658 glzZ'eog L¥E'19E 685'2he 6EL'SGE HLi'vbe 219'8te ieo'vee Ze'ezs GlL2'00e s}
Lo1'6ze 181658 Lee'sos AL L ¥ec'ase 96E'Ope 086'55¢ 6¥6'LLE ore'zee Pl6'28E 061'6iE Zre'00E vi
069'seE Gi6'e9g orb'ele erE'CLE e0e'els 961'26¢ 2E0°P9E y0z's5¢E £09°v¥e 162°2€€ 861°42¢ £va'soe £l
$98'cee $6L°L5E £0L'89¢€ 0L1'i8e (S 2545113 £66'LvE 1Z1'08e B20°15¢ 166'0pE rL'vee EIEVTE ori'soe Zi
965'LEE ZBE'IGE Le8'6ot ces'90e 644'%9¢ LL6'GYE L19'468 £E8'Ipe 6i¥'9ee 061'26¢ BLE'PZE B6EPOC 118
0v'12¢8 ozv'ape 160'29¢ viz'zoe 8i6'c9¢ irh'6Ee 8E8'6HE 98e'pye 6e0'0es ocr'gee 00Z'g1Le ¥S9'062 0l
oer'ooe 9zl'vee aLg8'see 86Z°ErE 2i6'S88 6.E°0zZ8 62L'0e8 +80'0Z¢ SeZ'ele 0e8'80e €iv'962 £18'282 6
Qig'eaz SS8'78T 216'86¢ BOL'P0OE 492°€08 Zio'L6z 6£0'a6z 9z5°187 £82'tlz 669'042 208'p52 GEY'9ET B
b6F'982 yER'05C tei'99z Shi'192 185'652 SPO'Lve 125 N B+ 99Z'0vE o1l ord LLL'GET 188'182 S6L'ELZ i
LbB'EBL 2i8'l0z 8€z'Lee Zo1'ezz PEB'ELT £E2'802 (2 AL {iTA LZ5'66E 162102 102'661 ¥A0°v6I 199'08% 9
9617251 962°681 £5¢°Z81 100'08} cov'esL 180'4 41 S26'891 802'591 SEP'09; 01468 928164 BEY'SHL G
vZL'erl 610451 621'191 1% g K11 £48°091 orL'o9l £92'651 (830 413 05t'ZsL gL¥'es1 oLl'erl SEL'EEL [
Z8L'0G1 8Ev'G) STa'baL P62'661 giv'094 902°091 LSY'8GE 892054 056451 0916t} 99L'ekt 2ig'Lel €
9EP'AGH 192'e9) LSQbLL 0i6'991 691'681 0.0'894 CAARA 1Y S0L°45E 828'651 G2G'951 766'0G1 SLLPL 4
SZ5'EG1 686°LL1 orgGLL [ AXAAA) 00V vt eG4 195°€L arg'eol £62'Z91 812264 $E8'pG1 EZ6' LYl S
12qiieos] BquivacN TEGoEH Tefoideg TSABnV YTiTS aunp el m oIy AJenigeg Kieriep moH

PUBWSg AN pejesBaju) asnuin-09
puewsq aoimeg jeseusg p a|npayog

19A37T SSONO IHL 1V g3ZITVYWYON - AVOXIIM FOVHIAY
9'Laiqe]



Apnig peo ssel) €00z ‘ouf ‘Auedwio) ou30e(g uelemey

€9.'72  SB¥'ebz  0ES'6¥Z  8G'6bZ  990'ZGZ  260'8€T  GLL'GHE $66'62C  v¥SI'LEZT  60L'6ZT  SST'HZZT  SBL'SOZ ebeseny

969'844 801694 SOv'161 6E1'981 090'v64 £12'161 L2E'v8L S92'641 150'281 £52'v81 186'LL1 054'e94 14
gez'002 y69'02 6l1'g12 SEP'SiZ Z6L'E282 12T612 6£8'022 829'€0Z SLLE0T 295'80¢ £16'102 20:'684 14
Sra'9Lez 1£9'922 164'8ET Szz'oez 062'ire 9gz'zee E6Y'VEE Lev'aLe gzL'912 Lgi'zee ssg'gie £42'202 144
60E°LL2 129222 Lig'see 969'L€2 Zre'Tre P69'LET vee'vee [iTA! FAR 0L'ne 0£9'Le 058'212 9zz'i61 14
006°€ET 01L'eve £95'652 ¥89°102 SEV'vOT 856'6¥2 FAs Al 1T BPG'EET 299'9EC 1or'Lve 668'6E2 i588°41e 174
¥89'€pZ 162°192 18’692 £6v'002 veg'age B59'EST ¥v9'662 116°6€2 Z6EEvT TAR: A 6EL'EHT sZg'vee 64
iv2'06e v09'69¢ 295'9.2 985'6.2 £46'282 824692 A1 ¥59°652 £8Y'L5Z §59'85¢ 8L1'¢s2Z £v6'082 81
£50'592 §52'062 LZ1'862 £81'80€ ¥¥6'90€ 016'292 69Z'962 0Z8'94¢ £08'84L2 6iv'2i2 851442 viG'8rz i1
9£2'082 ¥ie'60e £95'0LE Leg'gie iZr'Lee £67'L0E tg6'oie ££9°L6Z 0£0°v82 815162 £59'982 $66'192 14
186'682 LIT'BLE Eve'vZe 210'92¢ 6i5'62E ZES'BOE £gl'81E gea'zoe 12g'coe 168'00€ Zi¥'s6T Z81'992 St
1£9'162 oZe'vee rop'aze vri'eze £0v'2EE Si0'tLle 86'cee 258'90¢ 90r'80€ 6T4°20€E 686°962 YOu'LLT v

E6¥'E6Z AR 198'0gg 689'¢2eE SY0'eee ELOTLE Z89'9ze 162'908 BLE'LLE rey'zos 174 1T 646'042
766'982 8ra'eie 18L'FZE TR T4 105'92¢ SYE'voE 959°}Z8 LF0'P0E SPEZ0E 6682162 264762 §16'q92
¥19'082 6PE'SLE £15°02¢ L£6'22¢ 8ZL'62¢ 901'z0g 1SLy1e 600'20E ZE0'662 106'562 1£9'682 £ra'coe
015'942 ¢1°90¢ PPLbLE PO¥'GLE (2511 z88'062 OKE'S0E RL'C6e 63682 ¥i1'882 652'842 891°p52
v18'86Z 119'882 beER'I6e 802'967 9€6'v6E 108142 21882 L0v'vig v¥ig'ele e6'voT 504652 SLp'ZEL
0eeg'zee va5'9pe z29'052 9ee'ase 108°4ST 266°'0re £25'252 £0p'GET 15¢8'¢¢e GGH'eZZ 160°'622 122'202
£8Z°Z61 $90'01L2 898122z 186'c22 si'ozz veY'roz FAzA I 89E'v61 610'961 LES'EE L2006} 08Z'€L
960°551 Yoz'0LL Z26'981 £25'681 y16'p04 ZI0°ELL 6822'¢L) vi8'19i £28'p91 60L'e9} PPS'6GL g2EL'SHL
[ ¥B'EEL By L1 L16'661 yi9'€5L 29Z'¥51 128yl 228'GrL 982"l CEL'EhL 8Z0'0b1 PSO'ZEL L06°0Z1
B8EL'VEL So0'avt 252051 v6E'Lb) 966871 PEO'SEL 895'0p1 LIE'LPL 62L'ehl yig'8cL 60p'0E1 6Z8'61%
98e'gc) SFE'LGE S89'654 965'8yi 9e5'Z61 clLz'eri 096'8y T4 A 1) aya'Gh) Liv'ovl 10G°8EL 89.2'vZ1
Lervrl ELEPGL 922851 18L°ES1 68261 16G'vG1 00e°ss1 SEE'GY) GoZ'8h1 0.2'6PL F4% 3441 926'08}
18E°E61 £18'19¢ 1€0'88) 15209i $28'09} 041'v01 0LLV9L 80E'vG1 118'951) LPSZS1 196" ¥l 0£8'I8)
Bqiadeg ISYWieAON  16qol0 Bquisjdeg JEABTY Anp T LET it [TEX™ Braqeq Kagner

S
gl--umvmcar-ce:?,:ﬁﬂ
. <

puewsg My psjelbsu; sinuin-09
puewiag 80IAIBS |BIBUY) [ BINPaYLS

T3AIT SITVS FHL LV QIZIMVINHON - AVOMIAIM FOVHIAY
Lleoqe]



Apmg peo ssei gooz *ou ‘Auedwog 013003 ueemey

€81'861  [9¥'ZlZ  6.9'C2Z 665122 082072 L80'24Z  BO9'EIZ  126'00Z  280'L0Z vEE'Z0T  0L2'Z6L zeg'iel ebeseny

P¥L'S91 922'LLd 661'v81 095’841 I6E'va covr'esL 852'vet S9Z'491 6i1'194 8ZE'ELL 208°194 620'9Gi e
96.'G8} 250'261 YIE'YOZ 90¢'864 ZeL'602 085'264 £66'861 LLE'BLL TAM A VAN £24°¢61 ver'val LEE' 1L €2
029'g02 18L'PiT £42'822 71 144 9z8'zer ciy'oee vevalz 99E'v0T 250861 1S6'ChZ yig'l6) £ER’'88t P44
Y66'¥0Z 6sv'zze 065°0eT 008'1vz Liz'ove 251'822 ore'sezz 599'402 ogz' [og 850'4i2 0€1'30Z L29'e8) 1z
£48°122 1GELEE £29'6v2 28192 22r'e5z £59'2¢2 ¥or'ereg $96°922 gcs'eee €Z0'9ZZ zio'ge 906'202 0z
evl'gZe £90'9vZ $95'v92 £05'€92 toi'sve 00T 9¥'Zre 1e2'tee 295°2¢eT 06¢°L£2 ser'eee 1z28'842 6
865677 ZZL e 9€8'162 808'2sz 0£6'882 SLi'Zve ZIE'E £Er'9ze g9z'sze yre'eee vozZ'61Z 651112 8t
258'se2 180'0¥Z 6£0'252 992'952 0L1'152 LL9'8Y2 SYSEvE AU A S zigzee £g8'L22 gsZ'eze 291902 11
G¥6'ZeT 195052 L25795T 99'p52 650'e52 161°262 £90'6Y2 E'LET £1£°9ET 62£'Z82 ggL'sze YEP'802 9l
£66°922 plir i 506'652 S0£'8s2 sl15'ese Gi9'16z ¥6L'05z 860'vET ter'iee vro'eee 8y0'9ee 90E'802 S
68E'EET £08'Lbe £96'282 656'962 9££'66Z 622'vez LZE'6YZ LI1'1E2 088282 26266 ooe'see H1'602 vl
YEQ'SEZ 199'v52 8€L'142 £08'192 £20'682 819°462 5z2'e52 90.'cez 26E'Tre YLL'EET 691’622 0sL'vie €l

ori'gee B6Y8'05Z 298'v9Z I¥e'99z 90£'952 168652 0Lv'08Z 199'6E2 26¥'eee 690'Ze2 ogz'eze $20'2Z 43
698'€2T Blv' ivE yiy'o9z Zii'coe £68'252 Ob6'ZGZ 650°042 6L8'vET Lov'ose PPE'SET ver'eze L¥9'508 (4%
6£5'vZE 162'287 662662 600°8yz yo2'vsz 0gL'1sz 680'v¥Z zighee £05°922 £€92'082 SHE'LLE 124602 ol
646'G1LE I¥6'82¢ Yee'vve azL'9ee PES'FET FA% 424 088'0EL 98t'vee 0ie'61e £rL61Z 2Y9'E0Z 85i'Z81 6
£ri061 PrL°G0T 1 AN A L6¥' 242 e'Lee E86'6L2 Zig'zie g15'¢02 T4 AT GL4'S6) 152'9g¢ €EL' 1LY 8
6LL'ELL $E0'v8L GyZ'061 186'1L61 1£0'GaI L62'¥6L Lyi'e8t 18L'e84 S0€'22) CGS'9LL £97'89L 8rL'6G1 L
SELLOL SBL'EL BE0'L94 190281 991'681 26E°6LL 9829} 6E2' 191 (91 4:1:18 ELE'184 zi5'8yL B8ZL'6E1 9
LEt'8Y1 128251 £E8L'C91 SO8'Z91 SOv'ER £ot194 cob'agL 60051 $oL'96s ZHP'EGL 80Z'6E | PIE'GEL g
POz b1 6¥6'251 ZLE'65) LA6'es1 12851 029'144 0L0'0%1 £09'vri 96e'avL ral'arl l6TZEL 8eL'22t 4
jeielen e 4 98L'eGL {4 Ae] e HG1L B621'65L 149°251 00Z'151 2882yl z8e'eyl 666'9r1 [5:1+0 4% 048221 £
119161 9819l €489l €LIT'VOL §9.°291 Z98'Z9L ZES'004 aL¥'eri 8LL'EGE 88064 Liv'BEL 66491 z
0ze'esl £LO°0LL £68'GL) 164'291L §50°041 LEO0LL 688'894 206°95} pav'ast 106'08L 095'151 169yl }
BqUIsddg IOGWIBAON  J8qoD Toqiicidos JSADNY KiAf dunf Fen i N Kenigeg enugp IAoH

puewsq m pejesbejul einuin-09
PUBWS(] 8JIAIBS [BlBUSD [ 3INpayss

TIAIT SSOHO FHL LV QIZIMVINYON - ANIMIIM JOVHIAVY
8/ 9iqe]



Apmig peon sse;y ooz "ou| ‘Auedwog ainoe|3 uejemey

800'v8l  0D0'66L  9€8'S0Z  BSZ'P0Z  BELLOZ FCL'Z6F G086 80Z'vBL  SbO'08L 6S9°98L  6.0'6/L  £85'89l ebesory

rog'val 160941 6vE'614 LLVLLL £86'E81 £62'94) S L4L 692°191 2i8'%91 168'GLE Zyoa'zol zoz'9gl v
ECL'28L 8.9'061 6EE'80T yOV'e02 (458 4% 160°202 082'¥0Z 906'681 285'081 119'86t LIE'Z6 P02 £z
296'202 9/6'v12 £22'822 8L£'622 6ER'PET 2E9'91Z oza'ste ¥0Z'Z0Z FATArA 174 veLizg 8¥e's0Z SrZ'681 2z
shezoz £8t'212 +v89°61Z £18°62e Ls1'zez L92'602 665912 626'461 z99'861 14602 80002 ¥B6'C81 1z
§2e'012 0£0'eee ZEQZEL 8¢l '9ee 908'1+Z 298612 £i8'vze 6i2'q02 288'902 202'602 645°102 SST 6L 0z
60Z'¥IE 006'822 169'8ET 0E0' 8T 089262 HL'LE 1BOELT ¥68'y02 L6v'80Z SOLMT L81'80Z Gi6'G51 6t
988'z1e ¥81'922 686'0F2 80°96Z $0£°962 Le2'9ze 9B5'92Z g8z L'ZLE gL6'ELE 626902 0ov'vel 81
R AN 629422 oSt 142 GR1'6ET Liy'Ere 128168 ¥YGLvEZ $85'912 6TL9LZ e08'ste veL'oLe SBY'GBI il
£se'siIz ZBL'egz L8t'0PZ Z56'662 riz'eve £0L'LET 1P9'EET PGO'91Z co0'ele oze'Le 786°21e 665'261 91
$80'9L2 £25'5¢2 S8F'rre 99z 442 EEE'EHE sov'cee 162°6E7 zziL'gLe 800122 091612 MEELE ZEL'86} 5l
¥9£'022 0Lr'9EZ L86'LPT 28Z'vbT o0 A o L0L'982 Y IET vI0'6LE 9268'cee 220'022 FANA T Sig'661 vl
oLg'zez SvZ'ieZ 1Z6'052 JAY A 012'8vT 08£'952 Sig'gee iipoze 6EL'YZE 1gz'oze 69F'¥LZ 100'102 £k
68Y'GL2 9E6'vEZ 655'F12 068'Lve 9£Q'ZFE 9l9'zZe2 80402 VEE'GIT 809'612 giz'oleg 1204z ¥61'002 43
805012 99€'0£2 96E'68Z 80'eez g5e'ace 846'822 259922 SZ8'60¢ ez osg'iLz BEY'VOZ 98€'061 b

z580'20z gzL'6iz 99z'922 £56'E22 262'82¢ 166°L1T 688'41e otz'est 29’102 966'661 6616l GY6'Z81

0L1'48¢ TTL'S0E $80'602 80Z'307 vee'ioz Z92'002 96£°00Z 14’58 6¥1281 £ve'sgi CLLGLL £01'99¢
rLO'09L 185°841 212'08L 886'644 yee'ogt Zi1'841 6E9°24) 062'891 ;34 1) 89E°1L04 098'a51 gsi'erl
g1yl 160°651 6vL'val LOE'Z8L 1S6'E9) 680'851 0LL'LG4 ivi'epl 9Eg I GZ6'epl cia'acl 6/8°'LEL
059'9e} ZLLLGE 148'964 942'861 gze'Lol 026'i¥1 £60'GP1L 954'8EL Lp0'chL €18'0vi 6£'9¢4 ey

GLL0EL BSE'CHI YEG'GFL £OF'SYL 219'6r} 9190yl BYr'8EL avI'LglL 696'9E1 £6L'VEL 2SL'6LL 1 TR
09L'0€1 905'eh1 Sk L 66€'ZHL OS'EpL €S9'BEL £68'2¢4 P85'LEL PLL'bEl 1G¥'PEL 698'021 eva'Lil
L A% Ti8'90E 88L'8v Zez'syl LBB'gYL BBV EF Z5P'ivL EOV'EEL 615'181 9LL'8ElL £05'92Z1 200°2Z)
azrect 6€1°251L 865251 968°0G) SLL'ZSL 296'8¥1 EZe'sp) ZEQ'EEL EEL'L¥i 661°Zvi Zee'oel ¥Z1'8eL
$90'SH1 TLial 048091 ove'est ¥Z0'vol GRE'GSL 88b' 161 BEY'0GI Wo'ePl 296°254 296111 6v9'lEL
Dquieseq TBQUIBAON 1940190 joquisidag JERGNY RHf BUAL L] TiT oiew Kignige Xenier

S
3|v-Nnvme|-ea$2
pu =

PuBWSg MY pejesBajul spnuiy-0g
puewsq solMeS [eIeUsY I BNPaYIS

13A3T S3VS FHL LV CIZITYWHON - aNIXIIM IOVHIAY
6/ 8|qe)



fpris peo ssein gooz *ouf ‘Aueduion ojyoe|3 ueremey

INOKH
vNMNNNvNommrwermwm_‘vmeNFw_.o_‘mmhwmvmww
000'08
‘ x
000091 =
=]
)
.
5
000'0¥Z o
000°02¢
PUSYBI AN ——
Aepyaopy —o—
00000V

€00z Menuep
puews( adueg [RIBUSD) P 8NPBYSg |
I9AST] SS0IH BY) 18 pazileWION ‘GNIMIIM FOVHIAVY SA AVAMNIIM JOVHIAY
B 172 3qiyx3



Apmg peoq sseln £002 "ouj ‘Auedwio) 21139813 uejemeH

INOKY
¢N@NNNwmowmwm_.h_‘@_.mwv«mwm_‘:ormwmw‘mvmmv

000°08

» 000091
{ | o
J\h?/@\ﬁ\\\ 000'02¢

PUSNRS AN ~—
Aepysspy —o—

puews My

00000

€002 Asenige-
.. puBWIBQ BOIAIES [BIBUSSD [ SNPBYIS
. [PAS7] SSOID 8y j18 paziewioN ‘ANIMIIM TOVHAAY SA AVOMIIM FOVHIAY
G 12 Halyxg



Apmig peoT sse|n £0oz *ou] ‘Auedwo) spyoeg ueemey

InoH
vaNNNwNomm_‘wwtm_‘me‘mrNe:owmmhwmvmmr

000'08

000°091

puewaq My

000'0¥2

000'0ze

puaea M —m—
Aepyoapy —o—

000'00%

€00¢ ydien
puewag 8diAIBg |BlBusS) f 8NpsyYos
[OAST] $S0ID 8y} e pazjleutioN ‘ANIMNIIM FDVHIAVY SA AVAMIIM JOVHIAV
0 L' Hayxg



Apnig peoq ssejn £00Z

ve €2 ze

I

be 0Z 61

Moy

wvtowmwgmwmﬁ:owmmmo

e I;[,.l...,{...l.iJ..i...‘\z],lilj‘[;\ﬁlfﬁ,I.i\fifs G

"ouj ‘Auedwog auyoey uejlemen

o ——————1 000'08

T £ =
¥ 000°001 s
o
[
3
')
000'0vZ 2
000‘0z¢
PUSYOB AN —m—
Aepyoop, —e—
e — 000'00

€002 judy
pueweQ aoineg |essussy :p o[npayog

[9AST $8019 By} Je pozjewuop ‘ANIMIIM IDOVHIAY sA AVOXMIIM A9VHIAY

P 1°Z Hqiyx3



Apmg peo ssey gooz

Inoy
v € 22 1z 02 6L 8L /I 91 S p1

e

€00z Aepwy

puewsq solneg |elsusn i siNpaydg

[9AS7 SS0I9 8y je pazieuloN ‘gNIMIIM JOVHIAY SA AVONMIIA

9 1°2uqyxg

o

ol

' - Tk T—
vy

g




Apmg peoq SSB|D £00Z "ouf ‘Auedwogn 343983 uejemey

INOY
vmmwwmwwommwmptmwmrﬁmpmw:o_‘m 8 L 9 g € 2
e .||\‘.Ir\fl(.sl,;.\,,l[;.l,\\‘](,J.|g[;.l.[;l.,;\sls[al,I.ls\.I‘\...I B e o
| |
T e e IfJieE.,.!:\..I,,\,..i..,\;Is\:IsJ,Ie[i:I...I,Jl..f,lsﬂieJ.I.J,I.,,\..,|.lalf,IT;I;JflsJ.|f,ifri OO0.0@
‘ o
g 000091 s
5
3
&
e AN SN 000'0vZ 3
‘!r e ,!r,i.fifl]ifl.l.\\ e — 000'0z¢
pus3eapy —m—
Aepyoap, —e—
...![i-._[,--.,.Ji,i;|..._T,I,T.,,.!_,,\_[[i_,J,l;J‘.IfJ|EJl,Js|.;J.lfif,lf,i..;\ ........... . e » 00000t

€00z aunp
PUBWSQ 8dIMeg |essuag) :p a|npaijog
[BA9T ss0lg ay; je PoZijewloN ‘ANIMIIM JOVYHIAY sA AVOMIIM JOVHIAY
1A Nquyxg



Apmg peot sse|n o0z ou] ‘Auedwio) ojoe|3 ueyemey

JNOoH
vwmwmw*Nowmwm_.t.mvm*vwmwwwiorm 8 L 9 § ¢ ¢ ¢ }
T e —_ 0
ﬁ
........ e e e .|.:[;.|e[.!|.;fg.,lz[f[..&[si;J OOO.O@

i Fy
y 000001 X
[ ]
[+
3
0
000'0vZ 3
000'02¢
PUBYSDAN —m—
Aepyeep —o—
L — : _— : 000001

€00z Ainp
UcmEmQ mo_amm _mcmcw.w T Qﬁvmcow
I9AS7] $S0IH 8y} Je pazilewloN ‘ANIYMIIM JOVYIAVY SA AVOMIIM 2OVHINY
B 12 nquyxg



Apmig peot ssen gooz "ou] ‘Auedwo opyoeg uejiemen

inoy
vmmwmwFwomm_‘mwtwwm_ﬁm_‘ﬁ_.Fo_.mwNwmvmmw
. — 0
N S e 000°08
- , e ‘ x
: : B—g 000091 s
=
@
- 3
‘oo 3
ey - - -1 0000V a
000°0ZE
PUSHSOA ——
Aepyeap, —o—
- 000'00%

£00Z 1snbny
PUBWSQJ 80IAI8S [eIBUSS) I sjnpeyos
IoAST] SSOID oy} je paziewsoN ‘ONINIIM JOVHIAY SA AVOXIIM FOVHIAY
U L2 nquyxg



Apmg peo ssejn €00z "ou} ‘Auedwion opyoely uejiemeyy

inojy
YC €2 2C 1z 0z 6L 8L LL 9L S bl €L ZL LL Ob 6 8 4 g g v e z 1
— R _ . . —. — O
— — —— 00008
_ e
y 000091 3
S
3
000'0vZ 2.
000'02€
puUSYos A\ —--
Aepyeap —e—
1" 000'00

£00Z Joquaydeg
PUBWIAQ 0BG [BIBUSS) [ BINPAYDS
[BAST §S0i9) 8y} Je pazjewloN ‘ANIMIIM JOVYHIAY SA AVAMISIM FOVHIAY
P2 Hquyxg



Apnmig peoT sse|D £00Z , ‘ou| ‘Auedwo? 5110813 uBRleMEH

INOH

¥¢ € ¢¢ ¢ 0¢ 6L 8L LV 91 &S ¥#1 €L ¢ kL O 6 8 L 9 § ¢ € ¢ |

- 0
00008
‘ x
000’00}
Q
[¢1]
3
[]
poo'ove 2
000°02¢
PUSHBB AN —i—
Aep}oop —e—
3 000'00%

£00Z 4940100
puewag 82A8g |elauas [ anpayss
[aA8T ssouD) By} je PazZiewloN ‘ANIMIIM IOVHIAY SA AVAMIIM TOVHIAY
[1°2 naxg



Apmig peo7 sseld €00z ‘oug ‘Auedwio?) o11)08|3 ueliemel

INOH

e € ¢ ¢ 02 6L 8L LV 9L SL vL €L 2L LL O 6 8 L 9 & ¥ € Z L

0
o 000'08
‘ -
000091 <
o
L5t
=
]
000'0VZ B,
. 000'02¢
PUSYSRAN —-
Aepyodspy —o—
000'00%

€00Z JSqUIBAON
puewa(] 99IAI0S |eJBUSS) I NPBYIS
[9A87 ss0I9) 8y} je pezieuloN ‘'ANIMIIM 3OVHIAV SA AVOMTIM FOVHIAVY
A L2 NqIux3



fpmg pe

ye €2

L

__

‘J{




8. SCHEDULE H: COMMERCIAL COOKING, HEATING,
AIR CONDITIONING AND REFRIGERATION SERVICE

Schedule H is the third-smallest class in the system. During 2003, it contained an
average of 1,194 customers, less than 1% of all customers. And it accounted for
less than 1% of total sales, with an average consumption of 4,323 MWh per
month, or 5,160 kWh per customer.

The Schedule H load data revealed these patterns and characteristics:

1. During 2003, Schedule H’s average monthly consumption ranged from a low
of 3,641 kWh in February to a high of 4,834 kWh in August.

The average consumption for the Schedule H sample was 4,316 kWh per
month, 0.3% lower than the average for the population (cf. Table 1.10).

2. Table 8.1 summarizes the monthly Schedule H load statistics per customer
normalized to the sales level. Table 8.1 also shows the non-coincident and
coincident demands of the Schedule H sample.

The non-coincident demand is a customer’s highest demand during a calendar
month. The class non-coincident demand is the total non-coincident demand of
all the customers in the class.

The coincident demand of a customer is the demand which a customer puts on
the system at a specified time, either the system peak, day peak or class peak.
The class coincident demand is the total demand of all customers in the class at
the specified time.

The diversity factor represents the extent to which the peak demand of each
individual customer in the class occurs simultaneously. It is the ratio of the
maximum non-coincident demand per customer to the coincident demand per
customer at the class peak, expressed as a percent.

The Schedule H sample’s average diversity factor was 131%. The average
non-coincident demand per customer was 13.6 kW, the average coincident
demand per customer at the class peak of 10.4 kW. The maximum coincident
demand was highest in August; the maximum non-coincident demand was
highest in October.

3. The sample’s monthly load factor during the study period ranged from 53% to
60%, with an average of 57%.

4. Schedule H’s monthly class peaks occurred between noon and 3 PM. The
hourly loads on the day of the class peak in each month are reported in Tables
8.2 (total class) and 8.3 (average per customer).
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5. Table 8.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation level. To extrapolate the demand from the
sales level to the gross generation, the sample-based estimates for each class of
sales at the peak hour were added, and the sum was normalized to the actual
system or day peak for each month.

Schedule H contributed an average of 1% to the monthly system peaks and to
the monthly day peaks.

The contribution to the system peak ranged from 8 MW in J anuary, April and
October to 13 MW in May, June, July and August.

The contribution to the day peak ranged from 12 MW in J anuary, February,
March, April, September and December to 15 MW in October.

6. As shown in Table 8.5, 61% of total Schedule H kWh consumption occurred
during the system on-peak period (7 AM to 9 PM daily), with 14% occurring
during the system priority peak period (5 PM to 9 PM, Monday through
Friday).

7. Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 8.7 through 8.9.
The gross weekend and weekday loads are graphed in Exhibits 8.1a through
8.11. The weekday and weekend profiles vary from month to month, but
generally show a fast rise from 6 AM to a peak at noon and a smooth decline
from 4 PM to midnight. From 4 AM through 11 PM the average weekday load
was about 20% higher than the average weekend load.
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9. SCHEDULE P: LARGE POWER SERVICE

The Large Power Service class consists of the largest commercial customers on the
system. Schedule P consists of three tariffs: PP, Large Power Primary Voltage
Service; PS Large Power Secondary Voltage Service; and, PT, Large Power
Transmission Voltage Service. To facilitate comparison with previous HECO
class load studies, rates PP, PS and PT are discussed in the same section.

Combined, PP, PS and PT make up the third-smallest rate class in the system.
During 2003, they contained an average of 354 customers, 0.1% of the total. But
Schedules PP, PS and PT accounted for 41% of total sales, with an average

B A T o i LT VA T i —

—

-
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During 2003 Schedule PP averaged 162 customers and accounted for 2,059,565
MW of sales, 27% of the total. The Schedule PP load data revealed these patterns

IR S TR R S



The Schedule PP sample’s average diversity factor was 107%. The average
non-coincident demand per customer was 1,929 kW; the average coincident

- demand per customer at the class peak was 1,801 kW. Both the maximum
coincident demand and the maximum non-coincident demand were highest in
September.

3. The sample’s monthly load factor was steady during 2003, ranging from 79%
to 82%, with an average of 80%.

4. Schedule PP’s class peak occurred between noon and 4 PM. The hourly loads
on the day of the class peak in each month are reported in Tables 9A.2 (total
class) and 9A.3 (average per customer).

5. Table 9A.4 summarizes the class contribution to the system and day peaks
nozmahzed to the gross generatlon 1eve1 To extrapolate the demand from the

sales at the peak hour were added, and the sum was normalized to the actual
system or day peak for each month.

Schedule PP’s contribution to the system peak, 25%, was slightly lower than its
contribution to the day peak, 27%.

Its contribution to the system peak ranged from 270 MW in March to 339 MW
in July.

The contribution to the system day peak ranged from 288 MW in February to
220 MW in Tulv  (In Jultv the dav peak was also the svstem peak.)



8. During 2003, Schedule PS’s average monthly consumption ranged from a low
of 327,922 kWh in February to a high of 405,589 kWh in August.

Schedule PS was stratified by maximum monthly demand. The average
maximum demand for the sample was 586 kW, 0.4% lower than the average
for the population (cf. Table 2.4).

The average consumption for the Schedule PS sample was 359,625 kWh per
month, 1.9% lower than the average for the population (cf. Table 1.11}).

9. Table 9B.1 summarizes the monthly Schedule PS load statistics per customer
normalized to the sales level. Table 9B.1 also shows the non-coincident and
coincident demands of the Large Power Secondary Voltage Service sample.

The Schedule PS sample’s average diversity factor was 109%. The average
non-coincident demand per customer was 733 kW; the average coincident
demand per customer at the class peak was 673 kW. Both the maximum
coincident demand and the maximum non-coincident demand were highest in
August.

10. The sample’s monthly load factor was fairly steady during the study period,
ranging from 72% to 76%, with an average of 75%.

11. Schedule PS’s class peak occurred between noon and 3 PM. The hourly loads
on the day of the class peak in each month are reported in Tables 9B.2 (total
class) and 9B.3 (average per customer).

12. Table 9B.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation level. To extrapolate the demand from the
sales level to the gross generation, the sample-based estimates for each class of
sales at the peak hour were added, and the sum was normalized to the actual
system or day peak for each month.

Schedule PS’s contribution to the system peak, 10%, was slightly lower than its
contribution to the day peak, 12%.

Its contribution to the system peak ranged from 101 MW in March to 150 MW
n July.

The contribution to the system day peak ranged from 127 MW in February to
150 MW in July. (In July, the day peak was also the system peak.)

13. As shown in Table 9B.5, 54% of total Schedule PS kWh consumption occurred
during the system on-peak period (7 AM to 9 PM, daily), with 12% occurring
during the system priority peak period (5 PM to 9 PM, Monday through
Friday).

Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 9B.7 through
9B.9. The gross weekend and weekday loads are graphed in Exhibits 9B.1a
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through 9.11. The Schedule PS load profiles rise smoothly from 4AM to 10AM
or 11AM, and decline fairly rapidly from 3 PM to 4 AM on weekdays, but not

until 7PM on weekends. Weekday and weekend use ran fairly parallel, with
weekday use about 23% higher from 5 AM to 9 PM.

C.SCHEDULE PT: LARGE POWER TRANSMISSION VOLTAGE
SERVICE

During 2003 Schedule PT contained four customers, who accounted for 166,970
MW of sales, 2% of the total. All four customers were in the sample. The
Schedule PT load data revealed these patterns and characteristics:

14. During 2003, Schedule PT’s average monthly consumption ranged from a low
of 743,083 kWh in February to a high of 1,510,467 kWh in September.

The average consumption for the Schedule PT accounts was 3,550,520 kWh
per month. This was 2.1% higher than the average monthly bill (cf. Table
1.11), due to the fact that the monthly averages are calculated for the calendar
month,

15.Table 9C.1 summarizes the monthly Schedule PT load statistics per customer
normalized to the sales level. Table 9C.1 also shows the non-coincident and
coincident demands of the Large Power Transmission Voltage Service
accounts.

Schedule PT’s average diversity factor was 108%. The average non-coincident
demand per customer was 6,004 kW; the average coincident demand per
customer at the class peak was 5,553 kW. The maximum coincident demand
was highest in July; the maximum non-coincident demand was highest in
October.

16. Schedule PT’s monthly load factor was fairly steady during the study period,
ranging from 83% to 88%, with an average of 86%.

17. Schedule PT’s class peak occurred between noon and 8 PM. The hourly loads
on the day of the class peak in each month are reported in Tables 9C.2 (total
class) and 9C.3 (average per customer).

18. Table 9C.4 summarizes the class contribution to the system and day peaks
normalized to the gross generation level. To extrapolate the demand from the
sales level to the gross generation, the sample-based estimates for each class of
sales at the peak hour were added, and the sum was normalized to the actual
system or day peak for each month.

Schedule PT’s contribution to both the system and the day peaks was 2%.
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Its contribution to the system peak ranged from 20 MW in J anuary and
February to 28 MW in May.

The contribution to the system day peak ranged from 20 MW in J anuary and
February to 28 MW in May. (In May, the day peak was also the system peak.)

19. As shown in Table 9C.5, 51% of total Schedule PT kWh consumption occurred
during the system on-peak period (7 AM to 9 PM, daily), with 13% occurring
during the system priority peak period (5 PM to 9 PM, Monday through
Friday).

Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 9C.7 through
9C.9. The gross weekend and weekday loads are graphed in Exhibits 9C.1a
through 9C.11. The Schedule PT load profiles are nearly flat from 7 AM to 7
PM. Weekday and weekend use are nearly equal, with weekday use only 3%
higher throughout those twelve hours.
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10. SCHEDULE F: PUBLIC STREET LIGHTING SERVICE

Public street lighting service accounts for the second-smallest amount of sales on
O¢ahu. During the study period, 392 customers accounted for less than 1% of
sales, with an average consumption of 3,271 MWh per month, or 8,353 kWh per
customer.

The public street lighting load profile was constructed using recorded billing data
and the monthly average times for sunrise and sunset for Honolulu. The times of
sunrise and sunset for each day of the year were obtained from the United States
Naval Observatory. The averages for each month are shown in Table 10.1. The
allocation of monthly kWh to hours of the day is shown in Table 10.2. The same
photoelectric lighting control specifications that were used in the Maui Electric
Company’s 1983 Load Research Study were used in determining the on and off
times for the street lights.

The Schedule F load data revealed these patterns and characteristics:

1. During 2003, public street lighting customers’ average monthly kWh ranged
from a low of 7,069 in March to a high of 9,617 in April. The average
consumption was 8,357 kWh per month.

2. In constructing the class load it was assumed that the entire class had identical
load profiles; therefore, the class peak demand per customer and the non-
coincident demand per customer were equal. The hourly load data for the class
peak day of each month is provided in Table 10.4.

3. Shown in Table 10.6, Schedule F’s contribution to the system peak ranged
from zero in May through August to 9 MW in April. In May through August,
the system peaks occurred during the early aftemoon, before the streetlights
came on.

" 4. Schedule F did not contribute to the day peak.

5. Table 10.7 shows that 82% of total consumption occurred during the off-peak
period, 12% occurred during the priority peak period, and 6% occurred during
the on-peak period.

6. Hourly load data at the system gross and the sales levels for the average
weekday and weekend of each month are presented in Tables 10.8 through
10.11. The gross weekend and weekday loads are graphed in Exhibits 10.1a
through 10.11. Manually generating the load profile resulted in all the days of a
given month having nearly identical load shapes.

Hawaiian Electric Company, Inc. 45 2003 Class Load Study
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