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July 2, 2020

The Honorable Chair and Members
of the Hawai‘i Public Utilities Commission
Kekuanao‘a Building, First Floor
465 South King Street
Honolulu, Hawai‘i 96813

Dear Commissioners:
Subject: Docket No. 2018-0165

Instituting a Proceeding to Investigate Integrated Grid Planning
Response to Commission’s Information Requests

In accordance with the Commission’s letter filed on June 8, 2020 in the subject
proceeding, Hawaiian Electric! respectfully submits its response to the Commission’s
information requests, PUC-HECO-IR-1 through -2.2

The response to PUC-HECO-IR-1 includes electronic non-confidential files, and are
being provided via e-mail to the Commission and the Parties on the Service List.

Sincerely,

/sl Kevin M. Katsura

Kevin M. Katsura

Director, Regulatory Non-Rate Proceedings
Enclosures

c: Service List

! Hawaiian Electric Company, Inc., Maui Electric Company, Limited, and Hawai‘i Electric Light Company, Inc. are
each doing business as “Hawaiian Electric” and have jointly registered “Hawaiian Electric” as a trade name with the
State of Hawai‘i Department of Commerce and Consumer Affairs, as evidenced by Certificate of Registration No.
4235929, dated December 20, 2019.

2 Order No. 37043 Setting Forth Public Utilities Commission Emergency Filing and Service Procedures related to
COVID-19 (non-docketed), issued on March 13, 2020.

31d.

Hawaiian Electric PO BOX 2750, HONOLULU, HI 96840-0001
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PUC-HECO-IR-1

Reference: Hawaii Island IGP Sales Forecast by Layer; Maui, Molokai, and Lanai Sales IGP
Forecast by Layer; Oahu IGP Sales Forecast by Layer. Excel Spreadsheets can be downloaded
at HECO FAWG Website: https://www.hawaiianelectric.com/clean-energy-hawaii/integrated-
grid-planning/stakeholder-engagement/working-groups/forecast-assumptions-documents.

a)
b)

c)
d)

Please provide the input data used to develop the layers included in the corporate sales
forecast presented for each utility.
Please include a detailed description of underlying assumptions (with data inputs and
credible sources cited) and the forecasting/modeling methods used to develop the layers
included in the corporate sales forecast presented for each utility.
Please explain why different time periods were modeled for each island for certain layers.
Please confirm that the sales forecast unit listed on the Hawaii Island forecasts is
mislabeled as MWh Sales.
i. “Underlying” (GWh Sales)

« 1996 - 2050 for Oahu and Hawaii Island

« 1995 - 2050 for Maui, Molokai, and Lanai
ii. “DER/BESS” (GWh Sales)

« 2001 - 2050 for Oahu, Hawaii Island, Maui,

« 2000 - 2050 for Molokai and Lanai
iii. “EE” (GWh Sales)

« 1996 - 2050 for Oahu, Hawaii Island, Maui, Molokai,

« 1995 - 2050 for Lanai
v, “EV (GWh Sales)

« 2011 - 2050 for Oahu, Hawaii Island, Maui, Molokai, and Lanai
V. “Ebus” (GWh Sales)

e 2019 - 2050 for Oahu

« 2025 - 2050 for Hawaii Island

« 2022 - 2050 for Maui

* None for Molokai and Lanai
Vi. “Customer Level Sales Forecast (GWh Sales)

« 1983 - 2050 for Oahu

« 2018 - 2050 for Hawaii Island

« 1985 - 2050 for Maui and Lanai

« 1990 - 2050 for Molokai

Hawaiian Electric’s Response:

a) See subpart b) below for references to the input data used to develop the layers included in

b)

the corporate sales forecast presented for each utility.

Hawaiian Electric’s response is organized as follows:
- Overview of developing the sales forecasts by layer for all islands
- Assumptions and models used to develop each layer by rate class by island in order of

O¢ahu, Hawai‘i, Maui, Moloka‘i then Lana‘i:


https://www.hawaiianelectric.com/clean-energy-hawaii/integrated
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i Underlying sales forecast layer
ii. Development of the energy efficiency layer
iii. Development of the distributed energy resource layer
iv./v. Development of the electrification of transportation layer
vi. Summing over all the layers results in the customer level sales forecast

Overview of Developing the Sales Forecasts by Layer

As described at the beginning of each Forecast Assumptions Working Group (“FAWG”)
meeting, the sales forecasts are developed for each of the five islands by rate class
(residential, small, medium and large commercial and street lighting) and by layer
(underlying load forecast and adjusting layers — energy efficiency, distributed energy
resources, and electrification of transportation). The underlying load forecast is driven
primarily by the economy, weather, electricity price, and known adjustments to large
customer loads and is informed by historical data, structural changes, and historical and
future disruptions. The impacts of energy efficiency (“EE”), distributed energy resources
(“DER”), primarily photovoltaic systems with and without storage (i.e., batteries), and
electrification of transportation (light duty electric vehicles (“EV”’) and electric buses
(“eBus”)) (collectively, “EoT”) are layered onto the underlying sales outlook to develop sales
forecast at the customer level as illustrated in the figure below.

Our forecast is developed in layers.

Efficiency
Distributed Electrification
Energy of
Resources Transportation
Underlying Sales Forecast at

Forecast Customer Level

Forecast will be further modified by demand response (DR) and controllable DER.

b, LT Hawalian Electric
’—H Maui Electric .
P i N Hawai‘i Electric Light Illustrative Example

Multiple methods and models are analyzed to develop the underlying forecast as presented in
the July 17, 2019 FAWG meeting, slides 10-12.1 More than one model or method may be

1

https://www.hawaiianelectric.com/documents/clean _energy hawaii/integrated grid planning/stakeholder engagem

ent/working_groups/forecast_assumptions/20190717 wqg_fa meeting presentation materials.pdf



https://www.hawaiianelectric.com/documents/clean_energy_hawaii/integrated_grid_planning/stakeholder_engagement/working_groups/forecast_assumptions/20190717_wg_fa_meeting_presentation_materials.pdf
https://www.hawaiianelectric.com/documents/clean_energy_hawaii/integrated_grid_planning/stakeholder_engagement/working_groups/forecast_assumptions/20190717_wg_fa_meeting_presentation_materials.pdf

PUC-HECO-IR-1
DOCKET NO. 2018-0165
PAGE 3 OF 23

used to blend together a short term forecast with a long term forecast. Methods for the
underlying layer include:

« Market analysis — a ground up forecast evaluating individual customers, particularly
large commercial customers, forecasting individual projects or awareness of events
that may merit a specific carve out if significant, i.e. new large projects or loss of
large loads.

« Customer service — analysis of recent trends in customer counts, sales and use per
customers and applies knowledge of local conditions such as construction activity,
state of the visitor industry, trends in weather including impacts of storms and
volcanic eruptions.

« Trending models — uses historical data series to project future sales or customer
counts. Works well when historical data series has identifiable patterns and future
trends are not expected to vary from the past.

» Econometric models — looks for relationships between various external drivers and
sales. Examples of external variables include jobs, income, population, visitor
arrivals, electricity price and weather.? An example of the form of an econometric
model looks like:

Commercial Customer Sales = f(electricity price, jobs, weather).

Various models are evaluated for best fit and explanatory power; however, it is important to
assess if the models make sense. Is it reasonable to believe that electricity sales are related to
the external variables in the model? Is the direction of the relationship plausible?

A detailed description of the assumptions and models used to develop each layer by rate class
for each island is provided below for O‘ahu, Hawai‘i Island, Maui, Moloka‘i and Lana‘i. The
development of the underlying load forecast and inputs is described first followed by energy
efficiency, distributed energy resources, and electrification of transportation.

Once all the layers are developed by rate class for each island, they are added together to
arrive at the sales forecast at the customer level by island as presented in the March 9, 2020
FAWG meeting and shown in slides 18, 21, 23, 25 and 28 for O‘ahu, Maui, Moloka‘i, Lana‘i
and Hawai‘i Island, respectively.’

Assumptions and Models Used to Develop Each Layer by Island

O¢ahu Underlying Forecast

2 A warming trend in forecasted temperatures was included as a measure of climate change following comments
received in the March 13,2019 FAWG meeting and presented on August 27, 2019. Feedback on the Company’s
proposed warming trend assumption in the August 27" meeting resulted in an increase in the assumption and was
presented to the FAWG on March 9, 2020. Using a warming trend of +1.5°F in 2050 over the most recent historical
20-year average (1999-2018) for each island.

3

https://www.hawaiianelectric.com/documents/clean _energy hawaii/integrated grid planning/stakeholder engagem
ent/working_groups/forecast_assumptions/20200309 wg fa meeting presentation _materials.pdf
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The residential and commercial sectors are forecasted separately as each sector’s electricity
usage has been found to be related to a different set of drivers. Historical recorded sales used
in econometric models are adjusted to remove sales impact of DER, EE and EoT, which are
treated as separate layers. Refer to the Excel file “PUC-HECO-IR-1Att 1 HE Underlying
Inputs.xIsx” for the input data as described below:

1) Residential (Schedule R):

The Schedule R sales forecast = residential use per customer x number of residential
customers.
Econometric model used for residential use per customer.

Dependent variable: monthly residential use per customer = monthly residential
recorded kWh sales + monthly residential recorded customers (See Hawaiian
Electric’s monthly reports filed with the Commission). Recorded kWh sales are
adjusted to exclude DER, EE and EV layers.

Drivers:

Variable

Description

Source

Cooling Degree Days

1999 — 2018 average +
warming trend

Historical HNL airport
data from NOAA, see
FAWG presentation on
August 27, 2019

Dewpoint Temperature

1999 — 2018 average

Historical HNL airport
data from NOAA

Real Residential
electricity price

Real Residential $
(1982-84=100) per kWh

See FAWG presentation
on August 27, 2019

Real personal income
per capita

Real personal income
(1982-84=100) +
Resident population

UHERO, October 2019

Trend variable

Growth proxy

Trend variable that
increases by 1 per month

Monthly dummy
variables

January and August

Improves model
statistics

The residential use per customer econometric equation used 2001 — 2018
historical data. This period resulted in better statistics when fitting the model
rather than including older historical data. Using a shorter historical period
accounts for changes in the relationship between the underlying residential use
and economic drivers from 2001 and after.
A linear trending model was used for the number of residential customers forecast
using data from 1980 — 2018. The trending model used the maximum data points
available to incorporate historical trends since residential customer growth is

relatively stable.

The residential GWh sales forecast is residential kWh use per customer + 108 x
number of customer (underlying excludes previously installed and future layers
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impacts for DER, EE, EV and eBus).

2) Commercial sales forecast (General Service — Schedules G and J; Large Power
Service — Schedules P, DS and U):

e Econometric model used for commercial sales. Models using commercial sales
rather than individual rate schedules had stronger explanatory relationships since
O‘ahu commercial customers historically tend to transfer between commercial
rate schedules on a regular basis (based on tariff requirements).

e Dependent variable: monthly commercial (Schedules G, J and P/DS/U) recorded
kWh sales (See Hawaiian Electric’s monthly reports filed with the Commission).
Recorded kWh sales are adjusted to exclude DER, EE and EV layers.

e Drivers:

Variable Description Source
Cooling Degree Days 1999 — 2018 average + | Historical HNL airport
warming trend data from NOAA see

FAWG presentation on
August 27, 2019
Dewpoint Temperature | 1999 — 2018 average Historical HNL airport
data from NOAA

Real commercial Real commercial $ See FAWG presentation
electricity price (1982-84=100) per kWh | on August 27, 2019
Non-Ag Jobs Non-agricultural job UHERO, October 2019
counts
Trend variable Growth proxy Trend variable that
increases by 1 per month
Monthly dummy February, August, and Improves model
variables October statistics
Dummy variable For all months starting Relationship between
in January 2015 and non-ag jobs and
continuing through commercial kWh
December 2050 appeared to change

beginning in 2015,
addition of this variable
improved model
statistics.

e The commercial sales econometric equation used 1997 — 2018 historical data.
This period accounts for changes in the relationship between the underlying
commercial kWh sales and economic drivers beginning in 1997.

e The commercial GWh sales forecast is commercial kWh sales + 10 (underlying
excludes previously installed and future layers impacts for DER, EE, EV and eBus).

3) Street Lighting (Schedule F):

e Sales for street lighting are less sensitive to changes in economic and weather
drivers than sales in other rate schedules and represent less than 0.5% of Hawaiian
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Electric’s sales. Consequently, an econometric or modeled approach to
forecasting Schedule F sales was not developed.

e The average 2013 — 2018 growth rate in the underlying Schedule F kWh sales
(excluding EE impacts) was applied as year-over-year growth for the forecast
horizon. Additional growth was included for new unmetered pole attachments
(e.g., third party telecom and network devices) based on market projections for
number of attachments and existing attachments’ kWh use.

Hawai‘i Island Underlying Forecast

For Hawai‘i Island the underlying forecast is developed by rate class — residential, small and
medium commercial, large power and street lighting. The following is a description of the
assumptions by rate class:

1) Residential Service (Schedule R):

The Schedule R forecast is developed using a combination of two forecast methods,
the customer service method in the near term (2019-2020) and then an econometric
model for the remainder of the forecast (2021-2050).

e For 2019-2020, the customer service method is used. This method allows for
factors including knowledge of local economic conditions such as construction
activity, the state of the visitor industry and a review of weather conditions as
well as other island specific circumstances such as the volcano eruption on
Hawai‘i Island in 2018 to be considered in the analysis. At the time the
underlying forecast was developed, actual Schedule R data was available through
October 2019, which was used to inform the forecasts for 2019 and 2020.

e For 2021-on a monthly econometric model is used, with growth rates from the
model applied to the 2020 forecast. Refer to the Excel file “PUC-HECO-IR-1 Att
2 HL Underlying Inputs.xIsx”, “HL R Model Inputs” tab for the input data
described below.

e Dependent variable: Monthly Adjusted Schedule R Sales:

o Monthly recorded Schedule R MWh sales adjusted to exclude the
historical estimated impacts from each of the layers (DER, EE and EV) to
result in “underlying” Schedule R sales.

o Includes impacts from significant transfers between rate classes, to reflect
the accounts currently in the rate class.

¢ Independent variables in the model include the following drivers:

Variable Description Source
Economic Variables:
Monthly Resident Resident Population, UHERO, October 2019
Population Hawai‘i County.

Allocated to monthly
values using straight-line
approach with annual
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values assumed to be in
July of each year

Real Annual Income Per
Capita

Real Personal Income
(1982-84 = 100) +~
Resident Population
(Hawai‘i County)

UHERO, October 2019

Monthly Visitor Arrivals

Visitor Arrivals (Hawai‘i
County), allocated to
monthly values using
historical patterns

UHERO, October 2019

Real Monthly
Residential Electricity
Price, one-month lag

Real residential dollars
per kwh (1982-84=100)
(Hawai‘i Island)

see FAWG presentation
on August 27, 2019

Weather Variables*:

Monthly Weighted THI
(temperature humidity
index)

Composite weather
variable to incorporate
both temperature and
humidity.

Witd THI = 17.5 + (0.55
* Wtd Avg Temperature)
+ (0.20 * Wtd Dewpoint)

Forecast uses 20-year
average (1999-2018) of
weighted average
temperature and
weighted dewpoint to
calculate THI. Warming
trend included in
forecasted average
temperatures.

Historical airport
weather data (Hilo and
Kona) from NOAA

Monthly Weighted
Precipitation

Rainfall in inches

Historical airport
weather data (Hilo and
Kona) from NOAA

Dummy Variables:

Monthly dummy
variables

Dummy variable for each
individual month to
account for seasonal
variation, excluding
February

Improves model
statistics

Dummy variable starting
in June 2015

Proxy for impacts of
increased a/c installs

Improves model
statistics




PUC-HECO-IR-1
DOCKET NO. 2018-0165
PAGE 8 OF 23

Dummy variable for
Schedule G to Schedule
R transfers

October 2017-on, proxy
for policy change for
transfer of temporary
Schedule G (construction
accounts) to Schedule R

The historical sales data
series was adjusted for
known transfers, but the
dummy variable reflects
the change in the
transfer process and
picks up additional
effects

* For Hawai‘i Island, in recognition of the climate differences between the Hilo
and Kona sides of the island, the Hilo and Kona weather data is weighted based
on historical sales by region and weighted weather variables are utilized in the
model. For the forecast years, the weighting is a five-year historical average

(2014-2018).

The residential model is specified using historical data from 1998-2018.

o Historical observation of weather impacts on residential sales led to
incorporating data for both temperature and humidity (dew point) into the
model. However, there are limitations to the availability of data for the
Kona area. 1998 is the earliest year that consistent dew point or humidity
data was available from the Kona airport weather station.

2) Small and Medium Commercial General Service (Schedule G/J):

The Schedule G/J forecast is developed using a combination of two forecast
methods, the customer service method in the near term (2019-2020) and an
econometric model for the remainder of the forecast (2021-2050). For 2019-
2020, the customer service method is used. This method allows for factors
including knowledge of local economic conditions such as construction activity,
the state of the visitor industry and a review of weather conditions as well as other
island specific circumstances such as the volcano eruption on Hawai‘i Island in
2018 to be considered in the analysis. At the time the underlying forecast was
developed, actual Schedule G/J data was available through October 2019, which
was used to inform the forecasts for 2019 and 2020. For 2021-on, a monthly
econometric model is used, with growth rates from the model applied to the 2020
forecast. Refer to the Excel file “PUC-HECO-IR-1 Att 2 HL Underlying
Inputs.xIsx”, “HL GJ Model Inputs” tab for the input data described below.
Dependent variable: Monthly adjusted Schedule G/J sales:
o Adjusted Schedule G/J Sales reflect the monthly recorded Schedule G/J
MWh sales adjusted to exclude the historical estimated impacts from each
of the layers (DER, EE and EV) to result in “underlying” Schedule G/J

sales.

o Includes impacts from significant transfers between rate classes, to reflect
the accounts currently in the rate class.
Independent variables in the model include the following drivers:

Variable

Description

Source

Economic Variables:
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Monthly Resident
Population

Resident Population,
Hawai‘i County.
Allocated to monthly
values using straight-line
approach with annual
values assumed to be in
July of each year

UHERO, October 2019

Real Annual Income Per
Capita

Real Personal Income
(1982-84 = 100) +
Resident Population
(Hawai‘i County)

UHERO, October 2019

Monthly Visitor Arrivals

Visitor Arrivals (Hawai‘i
County), allocated to
monthly values using
historical patterns

UHERO, October 2019

Weather Variables*:

Monthly Weighted CDD
(cooling degree days)

Cooling degree days
(CDD) are the difference
between the daily mean
temperature (F) and 65
degrees, which are
summed over the month.

Forecast uses 20-year
average (1999-2018) of
cooling degree days.
Warming trend included
in forecasted CDD.

Historical airport
weather data (Hilo and
Kona) from NOAA

Monthly Weighted
Precipitation, one-month
lag

Rainfall in inches lagged
by one month

Historical airport
weather data (Hilo and
Kona) from NOAA

Dummy Variables:

Monthly dummy
variables

Dummy variable for each
individual month to
account for seasonal
variation, excluding
February

Improves model
statistics

Dummy variable
September 2001 through
September 2002

Proxy for 9/11 impacts

Improves model
statistics

Dummy variable for
leap day

Dummy variable for
February in leap years
(historical only)

Improves model
statistics

* For Hawai‘i Island, in recognition of the climate differences between the Hilo
and Kona sides of the island, the Hilo and Kona weather data is weighted based
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on historical sales by region and weighted weather variables are utilized in the
model. For the forecast years, the weighting is a five-year historical average
(2014-2018).

The model used for Schedule G/J is specified using historical data from 2002-2018.
This time period provided better model statistics combined with the reasonableness of
the included variables.

For the Schedule G/J forecast, once the underlying forecast was developed, forecasted
future sales impacts from pole attachments was added to reach the final underlying
forecast. Although small, pole attachments are a new source of additional electricity
sales in the future that are not part of the historical series and would not be captured
in the model or the customer service forecast as it is “new business”.

Large Power Service (Schedule P):

The Schedule P forecast is developed using a combination of two forecast methods,

the market analysis method in the near term (2019-2021) and an econometric model

for the remainder of the forecast (2022-2050).

e For 2019-2021, the market analysis method of developing a customer-by-
customer accounting of loads is used

o Market analysis is used for Schedule P services for Hawai‘i Island,
because the small number of large power customers (less than 100) allows
for in-depth customer-by-customer analysis by the Company’s
Commercial Account Managers.

o The expected addition or loss of specific Schedule P customers is also
accounted for.

e For 2022-on, an annual econometric model is used, with growth rates from the
model applied to the 2021 forecast. Refer to the Excel file “PUC-HECO-IR-1 Att
2 HL Underlying Inputs.xlsx”, “HL P Model Inputs” tab for the input data
described below.

e Dependent variable: Annual adjusted Schedule P sales:

o Adjusted Schedule P Sales reflect the annual recorded Schedule P MWh
sales adjusted to exclude the historical estimated impacts from each of the
layers (DER, EE and EV) to result in “underlying” Schedule P sales.

e Includes impacts from significant transfers between rate classes, to reflect the
accounts currently in the rate class Independent variables in the model include the
following drivers:

Variable Description Source
Lagged Dependent
Variable:
Lagged Dependent Adjusted Schedule P
Variable Sales with one-year lag
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Economic Variables:
Annual Non-Farm Jobs | Non-Farm Jobs, Hawai‘i | UHERO, October 2019
County
Dummy Variables:
Dummy variable 2001- | Proxy for 9/11 impacts Improves model
2002 statistics
Dummy variable for Dummy variable for Improves model
recessions years with a U.S. statistics
recession in at least 6
months

e The P model is specified using historical data from 1975-2018. This time period
resulted in reasonable model statistics. An annual model generally requires using
more years of historical data than we would in a monthly model.

e For the Schedule P forecast, once the underlying forecast was developed,
forecasted future sales impacts for a large new customer that would be beyond the
forecasted trend was added to the initial forecast to reach the final underlying
forecast.

4) Street Lighting (Schedule F):

The Schedule F forecast is developed using the customer service method for the

duration of the forecast.

e Schedule F makes up a small portion (0.2-0.3%) of total Hawai‘i Island sales and
is less sensitive to economic drivers than the other rate schedules.

e The trend in average annual kWh sales for new Schedule F customers in recent
history (2016-2019) and the average number of new customers was analyzed, and
those averages were applied to determine annual incremental kWh sales. The
annual incremental kWh sales are then applied as year-over-year growth for the
forecast horizon.

Maui Underlying Forecast

For Maui, the underlying forecast is developed by rate class - residential, small and medium
commercial, large power and street lighting. The following is a description of the
assumptions by rate class:

1) Residential Service (Schedule R):

Residential sales forecast = residential use per customer x number of residential
customers. Refer to the “Maui R Model Inputs” tab in the Excel file “PUC-HECO-
IR-1 Att 3 Maui Underlying Inputs.xIsx” for model inputs.

e Econometric model is used for residential use per customer.
e Dependent variable: monthly adjusted billed use per customer = monthly
residential billed kwh sales + monthly residential billed customers (Source:
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monthly financial reports). Billed kWh sales are adjusted to exclude impacts from
DER, EE and EV layers.

Drivers:
Variable | Description Source
Real Real personal income UHERO, October 2019
personal (1982-84=100) + Resident
income per population, Maui allocation from
capita Maui County, 12 month moving
average
Real Residential $ per kwh, (1982- See FAWG presentation on
residential 84=100), 6 month moving August 27, 2019
electricity average
price
Temperature- | 1999 — 2018 average + warming | Historical OGG airport
Humidity trend; data from NOAA, EPRI,
Index (THI) | THI =17.5 + (Average FAWG presentation on

degree-days | temperature x 0.55) + Average August 27, 2019
dewpoint temperature x 0.55);
Degree day = max(THI-85,0)

Visitor Count of visitors UHERO, October 2019

arrivals

Days per Average billed days for historical | Historical: company

month billed sales. Calendar days for records of billed days;
future months. future: calendar month

days
Dummy 1995, January, February, March, | Improve model statistics
variables May, June, August

THI degree-days are calculated from the daily THI values using a breakpoint of
85 using the formulas shown in the table above. This weighting and breakpoint
were determined via analysis of Maui load data with adjustments made in order to
improve the statistical fit of the driver to Maui load. The THI degree-day driver is
expressed in the model as an interaction with real personal income per capita, and
as an interaction with real residential electricity price due to observed widening of
seasonal spread in historical series and improved model statistics when the
interaction is included in the model.
The historical time period used to specify the econometric model is January 1995
— September 2019. This period accounts for recent customer energy use patterns.
The method for determining the customer count forecast consisted of two
methods, customer service method and a trending model.
o For 2020-2021 the customer service method is used, which takes into
account construction activity and applies a recent historical average
recorded customer count growth.
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o For 2022-2050, the method is a trending model using the maximum
historical data points available for recorded customer counts, 1985 — 2018.
Growth rates from the trending model are applied to the customer service
forecast.

2) Small and Medium Commercial General Service (Schedule G/J):

Econometric model is used for Schedule G/J sales.

Dependent variable: monthly adjusted billed sales. Billed sales are adjusted to
exclude impacts from DER, EE and EV layers. Adjustments are also made to
account for transfers of large customers between Schedule G/J and P rate classes.
Refer to the “Maui GJ Model Inputs” tab in the Excel file “PUC-HECO-IR-1 Att
3 Maui Underlying Inputs.xIsx” for model inputs.

Drivers:
Variable Description Source
Real personal Real personal income UHERO, October
income (1982-84=100), Maui 2019
allocation from Maui
County, 12 month moving
average
Temperature- 1999 — 2018 average + Historical OGG
Humidity Index warming trend,; airport data from
(THI) degree-days THI = 17.5 + (Average NOAA, EPRI,
temperature x 0.55) + FAWG
Average dewpoint presentation on
temperature x 0.55) August 27, 2019
Precipitation 1999-2018 average month Historical OGG
OGG rainfall airport data from
NOAA
Precipitation lag 1 1999-2018 average month Historical OGG
period OGG rainfall lagged one airport data from
month (i.e. prior month NOAA
rainfall)
Commercial Pacific Region commercial Itron, Inc.
energy intensity energy intensity trend for
trend non-heating/cooling end
uses. This driver is
expressed in the model as a
driver and interacted with
an October 2017-forward
binary variable.
Days per month Average billed days for Historical:
historical billed sales. company records of
Calendar days for future billed days; future:
months.
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calendar month

days
Dummy variables May, June, July, August, Improve model
September, October, statistics

November

The historical time period used to specify the econometric model is January 1995 —
September 2019. This period accounts for recent customer energy use patterns.
Additional growth was included for new unmetered pole attachments (e.g., third party
telecom and network devices) based on market projections for number of attachments
and estimated kWh use per attachment. This is a relatively small addition, but it is a
new customer use that is not embedded in the historical trend and therefore not
captured in the econometric model results.

3) Large Power Service (Schedule P):

The schedule P forecast is developed using a combination of two methods, a market
forecast and an econometric forecast model.

For 2020-2021, the forecast method is a customer-by-customer market forecast.
Similar to Hawai‘i Island, Maui has a relatively small number of schedule P
customers, which allows for in-depth analysis at the customer level by the company‘s
commercial account managers.

For 2022-2050, the model used is a monthly econometric model. Growth rates from
the econometric model are applied to the market forecast. Refer to the “Maui P Model
Inputs” tab in the Excel file “PUC-HECO-IR-1 Att 3 Maui Underlying Inputs.xIsx”
for model inputs.

Dependent variable: Monthly adjusted billed sales. Billed sales are adjusted to
exclude DER, EE and EV layers. Adjustments are also made to account for transfers
of large customers between Schedule G/J and P rate classes.

Drivers:
Variable Description Source
Real Real personal income UHERO, October 2019
personal (1982-84=100), Maui
income allocation from Maui
County, 12 month moving
average
Temperature- 1999 — 2018 average + Historical OGG data from
Humidity warming trend; NOAA, EPRI, FAWG
Index (THI) THI = 17.5 + (Average presentation on August
degree-days temperature x 0.55) + 27,2019
Average dewpoint
temperature x 0.55)
Precipitation 1999-2018 average month Historical OGG data from
OGG rainfall NOAA
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Energy Pacific Region commercial Itron, Inc.
intensity energy intensity trend for
trend non-heating/cooling end
uses. This driver is
expressed in the model as a
driver and interacted with
an October 2017-forward
binary variable.
Days per Average billed days for Historical: company
month historical billed sales. records of billed days;
Calendar days for future future: calendar month
months. days
Dummy February, June, August, Improve model statistics
variables October, November

e The historical time period used to specify the econometric model is January 1995 —
September 2019. This period accounts for recent customer energy use patterns.

4) Street Lighting (Schedule F):

Schedule F makes up a small portion (0.5%) of total Maui sales and is less sensitive to
economic drivers than the other rate schedules. The schedule F forecast is developed
using a combination of two methods, a customer service forecast and trending model.
e For 2020-2023, the forecast uses a customer service method informed by expected
timing and impacts of LED streetlight conversions.
e For 2024-2050, the method is a trending model that uses all available 1992 — 2018
historical data. Growth rates from the trending model are applied to the customer

service forecast.

Moloka‘i Underlying Forecast

1) Residential Service (Schedule R):

The schedule R forecast is developed using a combination of two methods, a customer

service forecast and and econometric forecast model.

e For 2020-2023, the forecast is a customer service method for use per customer, which
is informed by recent historical use per customer. To derive total sales from the use
per customer forecast, the use per customer is multiplied by the customer count

forecast.

e For 2024-2050, the model used is an annual econometric sales model. Growth rates
from the econometric model are applied to the customer service forecast. Refer to the
Excel file “PUC-HECO-IR-1 Att 4 Molokai Underlying Inputs.xlsx” for model

inputs.

e Dependent variable: annual adjusted billed sales. Historical billed sales are adjusted
to exclude DER, EE and EV layers.

e Drivers:

| Variable

| Description

| Source




2)

3)

4)
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Real personal Real personal income UHERO, October
income (1982-84=100), Molokai 2019

allocation from Maui

County, 12 month moving

average
Real residential Residential cents per kWh, See FAWG
electricity price (1982-84=100) presentation on

August 27, 2019

Temperature- 1999 — 2018 average + Historical OGG
Humidity Index warming trend; THI = 17.5 data from NOAA,
(THI) degree-days + (Average temperature X EPRI, FAWG

0.55) + Average dewpoint presentation on

temperature x 0.55) August 27, 2019
Lagged dependent Adjusted billed sales

lagged one period

e The historical time period used to specify the econometric model is 1980 — 2018,
which is all available data.

e The method for determining the customer count forecast for 2020-2021 is a customer
service method, which applies a recent historical average incremental growth. For
2022-2050, the method for customer count forecast is a trending model that uses all
available historical data from 1989 — 2018. Growth rates from the trending model are
applied to the customer service forecast.

Small and Medium Commercial General Service (Schedule G/J):

e The forecast uses a customer service method for sales, which is informed by historical
growth rates and expectations for future growth.
Large Power Service (Schedule P):

The Schedule P forecast uses a combination of a market forecast followed by a customer

service forecast.

e For 2020-2021, the forecast is a customer-by-customer market forecast with support
from the company‘s commercial account managers.

e For 2022-2050, the forecast uses a customer service method for sales, which is
informed by historical growth rates and anticipated future growth.

Street Lighting (Schedule F):

Schedule F makes up a small portion (1.6-1.7%) of total Moloka‘i sales and is less
sensitive to economic drivers than the other rate schedules and has been essentially flat
since 2009. The forecast uses a customer service method informed by expected timing of
LED streetlight conversions followed by flat future growth.

Lana‘i Underlying Forecast

1)

Residential Service (Schedule R):



2)

3)
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The schedule R forecast is developed using a combination of two methods, a customer

service forecast and and econometric forecast model.

e For 2020-2022, the forecast uses a customer service method for use per customer,
which is informed by recent historical use per customer. To derive total sales from the
use per customer forecast, the use per customer is multiplied by the customer count
forecast. The method for determining the customer count forecast is a customer
service method, which applies recent historical average incremental growth and
additional customers from known planned projects.

e For 2023-2050 MWh sales, the model used is an annual econometric sales model.
Growth rates from the econometric model are applied to the customer service
forecast. Refer to the Excel file “PUC-HECO-IR-1Att 5 Lanai Underlying
Inputs.xlsx” for model inputs.

e Dependent variable: Annual adjusted billed sales. Historical billed sales are adjusted
to exclude DER, EE and EV layers.

e Drivers:
Variable Description Source
Real residential Residential $ per kWh, See FAWG
electricity price (1982-84=100), lagged presentation on August
lag one period one period 27, 2019
Residential class Historical: company
customer count records; Future:

company forecast

Dummy for Calendar year 2007 Improves model
2007 statistics
Lagged Adjusted billed sales
dependent lagged one period

e The historical time period used to specify the econometric model is 1975 - 2018,
which is all available data.

Small and Medium Commercial General Service (Schedule G/J):

The forecast for Schedule G/J uses a combination of customer service method followed

by trending.

e For 2020-2021, the forecast uses a customer service method, which applies recent
historical growth rates and known impacts from customer projects.

e For 2022-2050, the method is a trending model that uses all available historical data
from 1992 — 2018. Growth rates from the trending model are applied to the customer
service forecast.

Large Power Service (Schedule P):

The Schedule P forecast uses a combination of a market forecast followed by a customer

service forecast

e For 2020-2021, the forecast is a customer-by-customer market forecast with support
from the company‘s commercial account managers.
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e For 2022-2050, the forecast uses a customer service method for sales, which is
informed by historical growth rates and anticipated future growth.

4) Street Lighting (Schedule F):

Schedule F makes up a small portion (0.4%) of total Lana‘i sales and is less sensitive to
economic drivers than the other rate schedules and has been essentially flat since 2007.
The forecast uses a customer service method informed by expected timing of LED
streetlight conversions followed by flat future growth.

Development of the Enerqy Efficiency Layer

A forecast adjustment was made to the underlying layer for the impacts of energy efficiency
reflecting projections based on the Statewide Market Potential Study from Applied Energy
Group (“AEG”) and sponsored by the Hawaii Public Utilities Commission.* The preliminary
results from the study was presented to the FAWG on January 29, 2020.° The market
potential study considers customer segmentation, technologies and measures, building codes
and appliance standards as well as the progress towards achieving the Energy Efficiency
Portfolio Standards. The study included technical, economic and achievable energy
efficiency potentials.

An achievable Business As Usual (“BAU”) energy efficiency potential forecast by island and
sector covering the years 2020 through 2045 was provided to the Company in February 2020
to use for the Company’s forecasts. The BAU potential forecast represents savings from
realistic customer adoption of energy efficiency measures through future interventions that
are similar in nature to existing interventions. In addition to the BAU forecast, a codes and
standards (“C&S”) forecast was also provided.

The BAU and C&S forecasts from AEG are shown in the “Original Potential” tab in the
Excel file “PUC-HECO-IR-1 Att 6 Energy Efficiency Inputs.xIsx”. The forecasts provided to
the Company reclassified certain market segments to different customer classes to align with
how the Company forecasts sales. A thirty-year forecast was needed, so the Company
extended the forecast out to 2050 using trends in AEG’s forecast as shown in the “Extended
Potential” tab in the Excel file “PUC-HECO-IR-1 Att 6 Energy Efficiency Inputs.xIsx”.
AEG’s forecast for Lana‘i and Moloka‘i was adjusted to be consistent with Hawaii Energy’s
historical island allocation (see the “Extended Potential - Adjusted” tab in the Excel file
“PUC-HECO-IR-1 Att 6 Energy Efficiency Inputs.xIsx”). A five year average net-to-gross
ratio from Hawaii Energy’s program years 2014 through 2018 for each island was applied to
the forecasts in order to exclude free riders® from the energy savings estimates (see the “Net-
to-Gross Ratios” tab in the Excel file “PUC-HECO-IR-1 Att 6 Energy Efficiency
Inputs.xIsx”) as impacts from free riders are assumed to be embedded in the underlying

4 https://622c4de9-1fe4-418c-ac8a-695che1a8f60.filesusr.com/ugd/0c9650 647db07744d248fab7a9f563cf5h416d.pdf
5

https://www.hawaiianelectric.com/documents/clean_energy hawaii/integrated grid_planning/stakeholder engagem
ent/working_groups/forecast_assumptions/20200129 wg fa hawaii_market potential study draft_results.pdf
& A free rider is someone who would install an energy efficient measure without program incentives.
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forecasts described above. The impacts from AEG were derived at an “annualized” level and
includes free riders which reflects savings for all measures as if they were all installed in
January and providing savings for the whole year. The annualized impacts are ramped
throughout the year to arrive at energy efficiency impacts by month for each forecasted year.
For simplicity, the installations are assumed to be evenly distributed throughout the year.
Refer to the Excel file “PUC-HECO-IR-1 Att 6 Energy Efficiency Inputs.xlsx™ for the energy
efficiency impacts by rate class and month for O‘ahu (“O‘ahu FC — BAU” and “ O‘ahu FC —
C&S” tabs), Hawai‘i (“Hawai‘i Island FC — BAU” and “Hawai‘i Island FC — C&S” tabs),
Maui (“Maui FC — BAU” and “Maui FC — C&S” tabs), Moloka“i (“Moloka‘i FC — BAU”
and “Moloka‘i FC — C&S” tabs) and Lana‘i (“Lana‘i FC — BAU” and “Lana‘i FC — C&S”
tabs). The energy efficiency forecast for each island was presented at the March 9, 2020
FAWG meeting and shown in slides 18, 21, 23, 25 and 28 for O‘ahu, Maui, Moloka‘i, Lana‘i
and Hawai‘i islands respectively.®

Development of the Distributed Energy Resource Layer

A forecast adjustment was made to the underlying sales forecast layer for the impacts of
distributed energy resources which includes behind the meter PV and battery energy storage
systems with other technologies (e.g., wind) included for known projects. This forecast
adjustment estimates new additions of DER capacity in each month by island, rate class and
program, and projects the resulting monthly sales impact from these additions. Future DER
capacity modeling considers two time horizons illustrated in the January 29, 2020 FAWG
presentation slides 11-15.

The DER layer in the near term for all islands cover 2020 through 2022 and reflects the
current pace of incoming applications and executed agreements, existing program (NEM,
NEM+, SIA, CGS, GSP, CSS and ISE) subscription levels and caps, feedback from the
Companies’ program administrators and installers, customer input and any studies or
upgrades being done to address short-term hurdles (e.g. circuit study, equipment upgrades)
that affect the installation pace. For NEM+, installations were continued through 2031.

To extend the DER forecast from the short-term through the full planning period, regression
model methods were used for O‘ahu Schedules R, G, J and P; Hawai‘i Island Schedules R, G
and J; Maui Schedules R, G and J; Moloka‘i Schedules R; Lana‘i Schedule R. A monthly
regression model is used for O‘ahu, Hawai‘i Island and Maui and an annual regression model
for Moloka‘i and Lana‘i. The dependent variable is the percent of potential PV adopters that
install a system in each month. The main independent variable is simple payback time as a
return on investment of a purchased DER system. Dummy variables were used to control for
structural shifts that had a statistically significant effect on uptake in addition to the simple
payback time such as a rush prior to NEM closing or a dampening following the launch of
new programs. Refer to the Excel file “PUC-HECO-IR-1 Att 7 DER Model Inputs.xIsx”
pages 1-113 for model inputs for by island and rate schedule.

The historical period used to estimate models for O‘ahu Schedules R, J and P, Hawai‘i Island
Schedules R and J, and Maui Schedules R, G and J is 2010-2018. For O‘ahu, and Hawai‘i
island Schedule G, Moloka‘i and Lana‘i Schedule R, 2008-2018 data is used to estimate
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models. Historical date ranges were chosen based on the amount of historical uptake that
occurred in each rate on each island and the statistical fit of the resulting models.

Some island rate classes do not have enough historical uptake to fit a regression model.
These are Hawai‘i Island and Maui Schedule P; Moloka‘i Schedules G, J and P; and Lana‘i
Schedules G, Jand P. The methods used for each are:

e Hawai‘i Island and Maui Schedule P: Historical data and forecasting estimates were
applied to arrive at assumptions for the number and size of systems installed annually
for 2022-2050. Uptake is assumed to continue until market saturation is reached.
The pace of adoption slows slightly over time due to expected dampening impact of
reduced incentives and nearing market saturation.

e Moloka‘i and Lana‘i Schedules G and J: Since the data for these rates on Moloka‘i
and Lana‘i is not sufficient to create a regression model, the relationship between
residential adoption and Schedules G/J adoption in the respective islands was used.
The historical ratio of Schedules G to R and Schedules J to R uptake on each island
was applied to the R regression model results for each island. Essentially, throughout
the forecast period, the level of Schedule G and Schedule J adoption relative to
Schedule R adoption is maintained.

e Moloka‘i and Lana‘i Schedule P: Due to a very small number of Schedule P
customers and no known plans for uptake, no future DER installations were
forecasted in this rate.

Assumptions needed to derive the simple payback time are the average prices of PV and
battery, electricity prices, average systems size, incentives, and future program structure.
Additional assumptions needed to derive the resulting installed capacity and energy produced
are market size, solar resource unitized profiles, and degradation of output. Assumptions
were provided in the August 27, 2019 FAWG presentation slides 44 — 53 and again in the
January 29, 2020 FAWG presentation slides 6 — 10 and 16 — 21 with updates to market size
of some rate classes and additional assumptions for PV paired with battery. Monthly DER
capacity factors for each island, shown on pages 114 through 118 of the Excel file “PUC-
HECO-IR-1 Att 7 DER Model Inputs.xIsx”, were used to convert installed capacity to
customer energy reductions. The monthly capacity factors recognize the variations in solar
irradiance throughout the year rather than using a single average annual capacity factor to
more accurately reflect monthly variations in the energy production of DER systems. A
degradation factor of 0.5% a year’ is applied to the sales impacts to recognize that the DER
system’s performance degrades over time.

Development of the Electrification of Transportation Layer

The electrification of transportation layer consists of impacts from the charging of light duty

" Median degradation rate from NREL “Photovoltaic Degradation Rates — An Analytical Review”, D.C. Jordan and
S.R. Kurz, 2012, http://www.nrel.gov/docs/fy120sti/51664.pdf



http://www.nrel.gov/docs/fy12osti/51664.pdf

PUC-HECO-IR-1
DOCKET NO. 2018-0165
PAGE 21 OF 23

electric vehicles and electric buses.

Light Duty Electric Vehicles

The light duty electric vehicle forecast was based on an adoption model developed by
Integral Analytics, Inc. as described in Appendix E of the EoT Roadmap® to arrive at EV
saturations of total light duty vehicles (“LDV”) by year for each island, see the “EV
Saturation” tab in the Excel file “PUC-HECO-IR-1 Att 8 Electric Vehicles.xlIsx”. Historical
data for LDV registrations is from the Department of Business, Economic Development, and
Tourism (“DBEDT”) and is reported at the county level. In order to get to the island level for
Maui County, an allocation factor supplied by DBEDT based on vehicle registration for the
three islands was used as shown on the “LDV” tab in the Excel file “PUC-HECO-IR-1 Att 8
Electric Vehicles.xlsx”. The total LDV forecast for each county was estimated using a
regression model driven by population and jobs based on UHERO’s October 2019 economic
forecast, see the “UHERO Forecast” tab in the Excel file “PUC-HECO-IR-1 Att 8 Electric
Vehicles.xIsx”. The development of the EV forecast utilized the EV saturation by island and
applied the saturation to the LDV forecast for each island to arrive at the number of light
duty EVs, see the “EV Counts” tab in the Excel file “PUC-HECO-IR-1 Att 8 Electric
Vehicles.xIsx”.

To estimate the sales impact from EV charging for each island, the annual kWh used per
vehicle is calculated based on the following equation:

(Annual VMT * (kWh per mile)) * 10°
Total LDV Forecast

Annual kW h per vehicle =

where
e Annual VMT is the annual vehicle miles travelled
e kWh per mile is a weighted average of fuel economies of electric vehicles registered

Annual VMT is forecasted by applying the baseline economic growth rate developed by the
Federal Highway Administration for light duty vehicles to DBEDT’s reported vehicle miles
travelled for each county?®, see the “Annual VMT” tab in the Excel file “PUC-HECO-IR-1
Att 8 Electric Vehicles.xlsx”. For Lana‘i and Moloka‘i, vehicle miles travelled were
developed based on information from DBEDT and on-island sources.

Historical kWh per mile was obtained using the weighted average fuel economy of registered
electric vehicles by island as shown on the “Annual kWh” tab in the Excel file “PUC-HECO-
IR-1 Att 8 Electric Vehicles.xIsx”. For Lana‘i and Moloka‘i, the fuel economy from a
predominant electric vehicle represented each island’s average. Fuel economy and vehicle
registration by type data are obtained from the U.S. Department of Energy’s Office of Energy

8

https://www.hawaiianelectric.com/documents/clean_energy hawaii/electrification of transportation/201803 eot ro

admap.pdf
9 https://www.fhwa.dot.gov/policyinformation/tables/vmt/vmt_forecast sum.pdf
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Efficiency and Renewable Energy and Electric Power Research Institute (“EPRI”),
respectively®. As shown on the “Annual kWh” and “Fuel Economy Growth” tabs in the
Excel file “PUC-HECO-IR-1 Att 8 Electric Vehicles.xIsx”, annual kWh per vehicle is
forecasted by applying a reference growth rate developed using the U.S. Energy Information
Administration’s (“EIA”) Annual Energy Outlook to the historical weighted average fuel
economies!. The reference fuel economy growth rate was developed based on the
expectation that battery technology will improve and larger vehicles will be produced.

Car registration data at the ownership level was not available to determine whether a car was
a personally or commercially owned vehicle. Therefore, the Company used a ratio between
residential and commercial PV installations in historical years to allocate the number of EVs
between residential and commercial customers for each island as shown on the “O‘ahu PV”,
“Hawai‘i Island PV”, “Maui PV”, “Moloka‘i PV, and “Lana‘i PV” tabs in the Excel file
“PUC-HECO-IR-1 Att 8 Electric Vehicles.xIsx”. EVs are a relatively new technology and
the number of PV installations were found to be correlated to EV adoption. Within the
commercial EVs, a percentage based on PV capacity installed by commercial rate Schedules
G, J, and P were applied to the total commercial EV count to arrive at the number of EVs at
the commercial rate schedule level. The sales impact by rate schedule is calculated by
multiplying the number of EVs by sales impact per vehicle for each island.

Electric Buses

The electric bus forecast was based on information provided by the Company’s
Electrification of Transportation team following discussions with several bus operators
throughout Honolulu, Hawai‘i and Maui counties. The estimates for the number of electric
buses assumed to be in operation over the forecast period are provided on the “O‘ahu Bus
Forecast”, “Hawai‘i Island Bus Forecast”, and “Maui Bus Forecast” tabs in the Excel file
“PUC-HECO-IR-1 Att 9 Electric Buses.xlsx” for the islands of O‘ahu, Hawai‘i and Maui,
respectively. Route information and schedules for weekdays, weekends and holidays were
used to estimate the miles traveled for each bus operator as shown on the “Other
Assumptions” tab in the Excel file “PUC-HECO-IR-1 Att 9 Electric Buses.xIsx”. Since
specific information on the buses were not available for most operators, the Company used
the average bus efficiency (kwh per mile) for two different Proterra models shown on the
“Proterra Bus Specifications” tab in the Excel file “PUC-HECO-IR-1 Att 9 Electric
Buses.xIsx”. For each island, the total sales impact for each bus operator is applied to the rate
schedule on which each bus operator is serviced.

Once all the layers are developed by rate class for each island they are added together to
arrive at the sales forecast at the customer level by island as presented in the March 9, 2020
FAWG meeting and shown in slides 18, 21, 23, 25 and 28 for O‘ahu, Maui, Moloka‘i, Lana‘i
and Hawai‘i islands respectively.®

Note that the time periods listed in subpart (d) i. through vi. of this information request
references data used in presentations which included historical periods for illustrative

10 www.fueleconomy.gov
1 https://www.eia.gov/outlooks/aeo/data/browser/#/2id=113-AEOQ2019&cases=ref2019&sourcekey=0
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purposes and not what was used to develop the respective forecasts for each layer. Reference
to the data period in part (d) v. for Maui’s eBus begins in 2021 and not 2022.

See response to subpart (b) which describes the time periods used to develop the forecasts for
each island. The historical years used to develop the forecasted layers are dependent on
multiple factors such as the availability of data (e.g., weather data availability from the
different weather stations), the start or end of programs, tariffs, or policies that affect rate of
adoption of new behind the meter measures that affect energy usage (e.g., demand side
management programs started in 1996, NEM started in 2008), customer changes that affect
economic relationships with electricity sales (e.g., big box retailers on O‘ahu in the 1990’s)
or significant events that cause material changes to the system load from a point in time (e.g.,
a large number of resorts were built on Maui and Lana‘i in the late 1980°s to early 1990's).

The units for the sales forecast shown in the Hawai‘i Island IGP Sales Forecast by Layer
Excel file that is available on the Company’s website referenced above'? are correctly labeled
as MWH Sales.

12 https://www.hawaiianelectric.com/clean-energy-hawaii/integrated-grid-planning/stakeholder-
engagement/working-groups/forecast-assumptions-documents
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Reference: Hawaii Island IGP Peak Forecast by Layer, Maui, Molokai, and Lanai IGP Peak
Forecast by Layer; Oahu IGP Peak Forecast by Layer. Excel Spreadsheets can be downloaded
at HECO FAWG Website: https://wvww.hawaiianelectric.com/clean-energy-hawaii/integrated-
grid-planning/stakeholder-engagement/working-groups/forecast-assumptions-documents.

a) Please provide the input data used to develop the layers included in the peak forecast
presented for each utility.
b) Please include a detailed description of underlying assumptions (with data inputs and

credible sources cited) and the forecasting/modeling methods used to develop the layers
included in the peak forecast presented for each utility.
C) Please identify the peak time period for each island and explain how the peak time period
was determined for each year modeled.
d) Please explain why different time periods are modeled for each island.
i. “Underlying” (Net MW)
» 1996 - 2050 for Oahu and Hawaii Island
« 1995 - 2050 for Maui
» 2019 - 2050 for Molokai and Lanai
. “DER/BESS” (Net MW)
» 2001 - 2050 for Hawaii Island, Maui
« 2019 - 2050 for Oahu, Molokai and Lanai
iii. “EE” (Net MW)
« 1996 - 2050 for Oahu, Hawaii Island, and Maui
» 2019 - 2050 for Molokai and Lanai
iv.  “EV (Net MW)
« 2011 - 2050 for Oahu, Hawaii Island, Maui
e 2019 - 2050 for Molokai and Lanai
V. “Ebus” (Net MW)
e 2019 - 2050 for Oahu
« 2025 - 2050 for Hawaii Island
« 2022 - 2050 for Maui
* None for Molokai and Lanai
Vi. “Peak Forecast (Net MW)
« 1991 - 2050 for Oahu
« 2018 - 2050 for Hawaii Island
« 1985 - 2050 for Maui
« 2019 - 2050 for Molokai and Lanai

Hawaiian Electric's Response:

a) See subpart b) below for references to the input data used to develop the layers included in
the peak forecast presented for each utility.

b) Hawaiian Electric’s response is organized as follows:
- Overview of developing the peak forecasts for all islands
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- Assumptions and models used to develop each layer by rate class by island in order of
O‘ahu, Hawai‘i, Maui, Moloka‘i then Lana‘i:
I. Underlying peak forecast layer
ii. Distributed energy resources layer
iii. Energy efficiency layer
iv. and v. Electrification of transportation layer
vi. Summing over all the layers results in the peak forecast at the system level

Overview

Once the sales forecast is developed by layer (underlying, DER, EE and EoT) for each island,
it is converted from a monthly sales forecast into a load forecast at the system level for each
hour over the entire forecast horizon. The method to do the conversion from sales to an
hourly load forecast is shown in the figure below. Hourly shapes from class load studies
(”CLS”) for each rate class or the total system load excluding the impact from PV are used to
derive the underlying system load forecast shape. Hourly regression models are evaluated to
look for relationships with explanatory variables (weather, month, day of the week, holidays)
in order to accommodate change in the underlying shapes over time for each rate class or
total system load. The hourly regression models are used to simulate shapes for the
underlying forecast based on the forecast assumptions over the entire horizon. The forecasted
energy for the underlying and each adjusting layer (DER PV, battery load shift, energy
efficiency and EoT) is placed under its respective future load shape then converted from the
customer level to system level using a loss factor as presented in the July 17, 2019* and
March 9, 2020 FAWG meetings?.

Class load study hourly Layer shapes: DER (PV),
shapes by rate class, no Battery load shift, EE, EoT,
impact of PV future layers?

Input: monthly energy,
future load shapes, loss
factor

Result: hourly net system
load for entire forecast
period

Hourly regression models Possible to have multiple
using independent shapes by layer
variables: weather,

month, day of the week,

holidays

Simulate future shapes for
each rate class with

independent variable
assumptions ’

The result is an hourly net system load for entire forecast period.
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Future Hourly System Load

1

https://www.hawaiianelectric.com/documents/clean_energy hawaii/integrated grid_planning/stakeholder engagem
ent/working_groups/forecast assumptions/20190717 wqg_fa_meeting_presentation_materials.pdf

2

https://www.hawaiianelectric.com/documents/clean _energy hawaii/integrated grid planning/stakeholder engagem
ent/working_groups/forecast assumptions/20200309 wg fa meeting_presentation materials.pdf
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A detailed description of the assumptions used to develop each layer by rate class for each
island is provided below for O‘ahu, Hawai‘i, Maui, Moloka‘i and Lana‘i. The development
of the underlying forecast and inputs will be described first followed by energy efficiency,
distributed energy resources and electrification of transportation.

Once all the forecasted layers are developed by hour for each island, they are combined to
arrive at an aggregated hourly load forecast. The annual peak forecast is the highest value in
each year as presented in the March 9, 2020 FAWG meeting and shown in slides 19, 22, 24,
26 and 29 for O‘ahu, Maui, Moloka‘i, Lana‘i and Hawai‘i islands respectively.?

Development of the Underlying Peak Forecast by Island

O‘ahu Underlying Layer

The underlying peak was derived using hourly load profiles by rate classes — residential
(Schedule R), small commercial (Schedule G) and medium commercial (Schedule J), large
power (Schedule P and DS) and street lighting (Schedule F). See the July 17, 2019 FAWG
presentation, slides 13 — 15 and March 9, 2020 FAWG presentation, slides 13 — 162,

1) Results of a class load study for O*ahu covering May 2012 — April 20132 was used.
The CLS data was adjusted to exclude customers with DER where identifiable (a
small number of adjustments were made). DER impacts were handled as a separate
layer.

e Hourly regression models were developed using class load study profiles and the
following (Schedule F profiles do not include a weather component):

() NOAA'’s daily average temperature, daily average dewpoint temperature, and
temperature humidity index (THI) with EPRI weighting of 17.5 + (Average
temperature x 0.55) + Average Dewpoint Temperature x 0.20),

(b) Month variable (1 —12),

(c) Day of week variable (1 —7), and

(d) Holiday (federal and state) dummy variable.

e The resultant hourly models developed for each rate class allow for the inclusion
of future weather variables (see description of weather variables in Hawaiian
Electric’s response to PUC-HECO-IR-1). Rate class profiles are projected for
each forecast horizon year using projected values for the variables.

2) The monthly customer sales level forecast by rate class (excluding layers) with
system loss factor applied to derive the monthly net-to-system level energy.

3) The system level energy and future profiles are input into the MetrixL T# modeling
software, to develop a system level hourly forecast. The software takes the input
energy by rate class and puts it under the rate class profiles, then sums all to get to a
system level underlying profile.

4) If there are any large projects with profiles significantly different from other
customers in a rate class (e.g., HART), the project’s energy and hourly profile are
excluded from the rate class derivation then added after the underlying system profile

3 See Docket No. 2016-0328, response to CA-IR-402 for O‘ahu’s Class Load Study Report
4 https://www.itron.com/na
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is done. Individual project’s profiles are obtained from project managers or customers

where possible.

Hawai‘i Underlying L ayer

The underlying peak was derived using hourly load profiles for the total underlying system
load. See the July 17, 2019 FAWG presentation, slides 13 — 15! and March 9, 2020 FAWG
presentation, slides 13 — 162,

1)

2)

3)

Historical hourly profiles for the total system load for the years 2015-2018 (excluding
2016) were used. 2016 was excluded due to inconsistencies in the estimated PV
profiles for that year which resulted in irregularities to the underlying load shape.

The system load profiles were adjusted to exclude the estimated DER hourly load

profiles for the same time period to create an underlying system load shape that was

used as the basis for the forecasted underlying hourly load profiles. DER impacts
were handled as a separate layer. Hawai‘i Island had historically low air conditioning
saturation, but with the warmer weather in 2015 and 2016 there was a significant
increase in air conditioning on island. Using the system load shapes for more recent
years better captured those effects in the load profiles and forecasted peaks.

e Hourly regression models were developed using the underlying total system load
profiles:

(a) NOAA’s daily average temperature, daily average dewpoint temperature, and
temperature humidity index (THI) with EPRI weighting of 17.5 + (Average
temperature x 0.55) + (Average Dewpoint Temperature x 0.20), using the
weighted Hilo and Kona average temperature and average dewpoint values
(see description of Hilo and Kona weighting in PUC-HECO-IR-1),

(b) Monthly dummy variable for each month,

(c) Day of week dummy variable for each day, and

(d) Holiday (federal and state) dummy variables for each specified holiday.

e The resultant hourly models developed for the underlying total system load allows
for the inclusion of future weather variables (see description of weather variables
in PUC-HECO-IR-1). Profiles are projected for each forecast horizon year using
projected values for the variables.

The total monthly customer level sales forecast (excluding layers) with system loss

factor applied to derive the monthly net-to-system level energy.

The system level energy and future profiles are input into the MetrixLT modeling

software, to develop a system level hourly forecast. The software takes the input

system level energy and puts it under the profiles to get to a system level underlying
hourly profile.

Maui Underlying Layer

Underlying peak was derived using hourly load profiles by rate classes — residential
(Schedule R), small and medium commercial (Schedules G and J), large power (Schedule P)
and street lighting (Schedule F). See the July 17, 2019 FAWG presentation, slides 13 — 15*
and March 9, 2020 FAWG presentation, slides 13 — 16°.



1)

2)

3)

4)

5)
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Results of the class load study for Maui from July 2013 — June 2014 (see Attachment
1). Some adjustments were made to remove standard interconnection PV impacts
from Schedule P. DER impacts are incorporated as a separate layer
e Hourly regression models for Schedules R, G, J and P used the following
drivers. Inclusion of each driver in the model for each rate schedule was
determined by whether the driver improved the statistical fit of the model.
a) A temperature humidity index using NOAA weather data and adjusted
EPRI weighting of 17.5 + (Average temperature x 0.55) + Average
Dewpoint Temperature x 0.55). THI degree-days are calculated from the
daily THI values using a breakpoint of 85. This weighting and breakpoint
were determined via analysis of Maui load data. This driver is present in
models for Schedules R, G, J and P.
b) The maximum daily temperature squared using NOAA weather data. This
driver is present in models for Schedules R, G, Jand P.
c) An interaction between the THI and the weekend. This driver is included
in models for Schedules G, J and P.
d) Daylight hours from the US Naval Oceanography Portal. This driver is
included in models for Schedules R, G and P.
e) Month variable ( January — November)
f) Day of the week (Sunday — Friday)
g) Holidays (federal and state, depending on statistical significance in the
model)
The resultant hourly models developed for the underlying total system load allows for
the inclusion of future weather variables (see description of weather variables in
PUC-HECO-IR-1). Profiles are projected for each forecast horizon year using
projected values for the variables.
Monthly customer sales level forecast by rate class (excluding layers) and system loss
factor applied to derive system level energy.
The system level energy and future profiles are used in the MetrixLT modeling
software, to develop a system level hourly forecast. The software takes the input
energy by rate class and puts it under the rate class profiles, then sums all to get to a
system level underlying profile.
If there are any large projects with profiles significantly different from other
customers in a rate class, the project’s energy and hourly profile are excluded from
the rate class derivation then added after the system profile is done. Individual
project’s profiles are obtained from project managers or customers where possible.

Moloka‘i Underlying Layer

For Moloka‘i, the method for determining the underlying peak is an annual sales load factor
method that uses a historical average sales load factor applied to future sales. The sales load
factor is calculated as:

(annual underlying sales MWh) / (annual peak MW x 8760 hours)

The forecasted annual peak month (November) and hour (hour ending at 7:00 p.m.) are based
on analysis of historical peak month and hour, which are relatively consistent historically and
not expected to vary from the historical pattern in future years.
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The peak impact from the EE, DER and EoT layers was determined by estimating the
magnitude of each layer coincident with the annual peak. The estimated coincident impact
from each layer is the average in the peak hour of the peak month in each year from each
layer’s hourly profile. The annual system peak was presented in the March 9, 2020 FAWG
meeting and shown in slide 26.2

Lana‘i Underlying Layer
For Lana‘i, the same method as Moloka‘i was used to derive the annual peak forecast that
was presented in the March 9, 2020 FAWG meeting and shown in slide 29.2

Subsequent to the March FAWG meeting, the Lana‘i peak forecast was revisited due to

additional data availability for large customers that recently made significant changes to their

operations. Due to those significant operational changes, the historical sales load factor may
not be a good predictor of the future sales load factor. A revised peak forecast was
developed using a method that allows for the use of individual large customer data. The
method used is to add together four individual hourly shapes to arrive at the total underlying
shape - three for individual large customers and one for all other loads.

1) Historical load data from December 1, 2018 through March 7, 2020 was used to define
the four underlying hourly shapes. This includes total system load from December 1,
2018 — November 30, 2018, load from one individual customer for December 1, 2018 —
December 31, 2019, load from two additional individual customers for October 1, 2018 —
March 7, 2020 (all available data for these customers).

2) Monthly customer sales level forecast associated with each shape and system loss factor
applied to derive system level energy.

3) The system level energy and future profiles are used in the MetrixLT modeling software,
to develop a system level hourly forecast.

The resulting Lana‘i peak forecast will be presented and provided at the next FAWG
meeting.

Development of the Distributed Energy Resources Layer

As described in the response to PUC-HECO-IR-1, the installed capacity of DER and DER
paired with battery storage is forecasted for each island. Hourly DER impacts are included in
the hourly shapes for each island. Since peak loads on all islands occur in the evening when
PV resources are not generating, PV that is not paired with storage does not impact the peaks.
To determine the peak impact from distributed PV paired with storage, an hourly load
shifting profile is estimated for each rate class and average system size. The estimation uses
hourly profiles for the average customer load and DER generation to calculate in each hour
how much PV generation is used by the customer directly, stored in the battery, exported
from the battery, and lost due to battery cycle efficiency. The hourly load shifting profile is
the resulting battery inflow and battery outflow, net of battery losses. Each hourly load
shifting profile is scaled up by the number of installed systems in each month to give a total
potential load shifting profile. To account for uncertainty due to variability in the solar
resource and customer behavior, the load shifting profile is reduced to 75% of the total
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Development of the Enerqy Efficiency Layer

As described in the response to PUC-HECO-IR-1, an achievable Business As Usual
(“BAU”) and codes and standards (“C&S”) energy efficiency potential forecast by island and
sector covering the years 2020 through 2045 was provided by Applied Energy Group to the
Company in February 2020. Hourly shapes were also provided for the BAU and C&S
forecasts at the island level. The Company extended the hourly shapes to 2050 by applying
the 2044 hourly shape to 2045-2050 using the MetrixND software. The total energy sales, as
described in the response to PUC-HECO-IR-1, were then put under the modelled profiles to
create the hourly shapes. The impact to the annual peak was presented in the March 9, 2020
FAWG meeting and shown in slides 19, 22, 24, 26 and 29 for O‘ahu, Maui, Moloka‘i, Lana‘i
and Hawai‘i islands respectively.?

Electrification of Transportation Layer

The electrification of transportation (“EoT”) hourly load profiles used to arrive at the EoT
impacts to peaks consists of contributions from the charging of light duty electric vehicles
(“EV”) and electric buses.

Light Duty Electric Vehicles

To derive hourly charging load profiles for light duty EVs the following steps were taken as

presented in the January 29, 2020 FAWG meeting and shown in slides 61 through 64°:

1) The energy needed to charge all vehicles were allocated across charging location options
such as, but not limited to, home, workplace, public chargers, and fleet charging.

2) Hourly charging profiles for these charging location options were developed from a blend
of charging profiles such as time-of-use, unmanaged, public, workplace and fleet
charging (day, night and 24-hour operations). The charging profiles were developed by
Integral Analytics, Inc. using third party and public charging station telemetry, and load
research conducted by several utilities in California, as well as Hawaiian Electric specific
advanced metering infrastructure data.

3) The total hourly charging profile in each year is the sum-product of the hourly charging
profiles and the allocation percentages over all of the charging location options.

It was assumed that unmanaged charging was the predominant charging option used for the
forecast used to begin the resource planning process. Managed charging will be addressed in
the resource planning analysis.

Electric Buses

5

https://www.hawaiianelectric.com/documents/clean_energy hawaii/integrated grid_planning/stakeholder engagem
ent/working_groups/forecast_assumptions/20200129 wg_fa_meeting_presentation _materials.pdf
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Hourly charging load profiles were developed for each bus operator using information
provided by the Company’s Electrification of Transportation team following discussions with
bus operators throughout each county. Bus operation schedules identified times when the
buses were available for charging along with the pilot time of use rates® used to determine the
economically advantageous charging period for each bus operator were used to develop the
hourly charging profiles. Electric bus charging characteristics, miles traveled, and the number
of electric buses were used to derive the energy required to charge the buses using the hourly
profiles as illustrated on slides 74 through 76 as presented in the January 29, 2020 FAWG
meeting® to arrive at hourly charging profiles for each bus operator. Once the customer level
shaped sales were derived, system loss factors were applied to arrive at the net-to-system
level energy. The aggregate of these hourly charging profiles for all bus operators on each
island resulted in the total hourly impacts.

The impact to the annual peak for the combined light duty EVs and electric buses were
presented in the March 9, 2020 FAWG meeting and shown in slides 19, 22, 24, 26 and 29 for
O‘ahu, Maui, Moloka‘i, Lana‘i and Hawai‘i islands respectively.?

Once all the hourly forecasts for all the layers (underlying, DER, EE, EV and eBus) were
developed for O‘ahu, Hawai‘i and Maui they were combined using Metrix LT to arrive at an
aggregated hourly load forecast for each year.

As described in subpart b) above, Moloka‘i and Lana‘i used a sales load factor method to
arrive at the annual system peak in each year for the underlying layer. The peak impact from
the EE, DER and EoT layers was determined by estimating the magnitude of each layer
coincident with the annual peak. The estimated coincident impact from each layer is the
average in the peak hour of the peak month in each year from each layer’s hourly profile.

The annual peak forecast is the highest value in each year as presented in the March 9, 2020
FAWG meeting and shown in slides 19, 22, 24, 26 and 29 for O‘ahu, Maui, Moloka‘i, Lana‘i
and Hawai‘i islands respectively and generally occurs between 6:30 and 7:30 pm.?

Note that the time periods listed in subpart d) i. through vi. of this information request
references data used in presentations which included historical periods for illustrative
purposes and not what was used to develop the respective forecasts for each layer. Reference
to the data period in subpart d) v. for Hawai’i begins in 2000 for the underlying and EE
layers.

6 e.g. Hawaiian Electric’s Commercial Electric Bus Charging Facility Service Pilot used to identify the time of day
to charge in order to minimize cost. Same hours used for the other islands.
https://www.hawaiianelectric.com/documents/billing_and_payment/rates/hawaiian_electric_rates/heco_rates ebus_j

pdf

https://www.hawaiianelectric.com/documents/billing_and_payment/rates/hawaiian_electric_rates/heco rates_ebus

p.pdf


https://www.hawaiianelectric.com/documents/billing_and_payment/rates/hawaiian_electric_rates/heco_rates_ebus_j.pdf
https://www.hawaiianelectric.com/documents/billing_and_payment/rates/hawaiian_electric_rates/heco_rates_ebus_j.pdf
https://www.hawaiianelectric.com/documents/billing_and_payment/rates/hawaiian_electric_rates/heco_rates_ebus_p.pdf
https://www.hawaiianelectric.com/documents/billing_and_payment/rates/hawaiian_electric_rates/heco_rates_ebus_p.pdf
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1. SUMMARY

A. PROJECT OBJECTIVE

From July 2013 through June 2014, the Maui Electric Company, Ltd. (MECO) collected
data on the island of Maui to determine individual rate schedule and total system load
patterns and characteristics. This 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, utility resource planning, cost-of-service studies, and pricing. The study
provides detailed data on how much and when MECQO’s customers use electricity. This
allows MECO to better estimate levels of future loads, plan for and utilize existing
capacity more economically, develop new customer programs, and design fair,
reasonable and competitive rates that encourage customer load management.

The study metered and collected 15-minute kWh 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 lights 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 MECO and Hawaiian Electric Company
(HECO). The Customer Research Division of the Corporate Relations Department at
HECO was responsible for the overall coordination of the study, study design, analysis of
the data, and generation of the report. MECQO’s Transmission & Distribution Department
installed and maintained the meters while the Customer Service Department collected the
data and translated the data for analysis.

B. OVERVIEW OF THE REPORT

This report presents an account of the methodology and results of the project. Section 2
describes the sample design. Section 3 describes the data collection, validation and
expansion to the total class levels. The results of the study are contained in Section 4 for
the total system, and in Sections 5 through 9 for Schedules R, G, J, P and F, respectively.
Sections 5 through 9 are in this order to facilitate comparison with previous MECO class
load studies; the tables in Section 4 present the rates alphabetically.

Maui Electric Company, Ltd. 1 2013-2014 Class Load Study
Maui Division
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C. SUMMARY OF THE FINDINGS

Here are the major findings of the study:

1. During the data collection period of July 2013 through June 2014, 86% of Maui’s
customers were residential (Schedule R). This class accounted for 34% of the total
sales and was the largest contributor to the annual system peak (37%) and the
second largest contributor to the annual daytime peak (30%). Large power service
customers (Schedule P) were only 0.2% of the customer count, but they were the
second largest contributor to the annual system peak (29%) and the largest
contributor to the annual daytime peak (33%). Table 1.1 is a summary of sales,
number of customers and contribution to the system and daytime peaks by rate class
during the study period. Class contributions are also shown in Exhibits 1.1 and 1.2.

2. A system peak is the highest demand occurring any time of the day, but it usually
occurs in the early evening. Between July 1, 2013 through June 30, 2014 all twelve
monthly system peaks occurred in the evening, between 6:22 PM and 7:51 PM.
Schedule R customers contributed the most to these monthly system peaks,
averaging 40% and ranging from 37% to 42%. Their contribution was highest in
July 2013. Schedules P and J were the next largest contributors, averaging 29% and
23%, respectively. Schedule P’s contribution was highest in May 2014; Schedule
J’s contribution was highest in December 2013. Tables 1.2 and 1.3 and Exhibits 1.3
and 1.4 summarize the contributions to the monthly peaks.

3. A daytime peak is the highest demand between midnight and 3 PM. The
occurrence of the monthly daytime peaks, ranged from 9:17 AM to 2:59 PM.
However, all of the daytime peaks occurred between 2 PM and 3 PM except for the
months of January and February 2014 when the daytime peak occurred in the hour
ending at 10 AM. Schedule P contributed the most to the monthly day peaks
(ranging from 30% to 35%). Schedule R customers were the second largest
contributors (from 28% to 34%).

4.  The percentage contributions to the evening and the daytime peaks from Schedule J
(23% and 26%, respectively) were fairly constant throughout the year. Likewise,
Schedule G’s percentage contributions to the evening and the daytime peaks were
8% and 11%, respectively.

5. All of the sampled commercial classes (schedules G, J, and P) peaked on a
weekday, during the late morning or afternoon. Due to the nature of the class,
Schedule F always attains its peak shortly after sunset and maintains it until a few
minutes before sunrise. Schedule R peaked on a Sunday evening.

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 during the study
period Schedule P had the highest load factor, 82%, followed by Schedule J at 70%.
Schedule F had the lowest load factor, 40%. Based on the recorded kWh and
system peak, the annual load factor for the total system was 69%.

7. The class load samples were designed to produce estimates that are accurate within
+10% nine times out of ten for the specific hours of the system and class peaks (cf.
Section 2, below). As a measure of how well the sample represents all Maui

Maui Electric Company, Ltd. 2 2013-2014 Class Load Study
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accounts within each class, Tables 1.7 through 1.11 compare the total kWh

estimated from the sample accounts. Over the twelve-month study period, the

average percentage differences between the sample and the recorded sales for the

population were: Schedule R, +0.9%; Schedule G, +0.7%; Schedule J, +0.7%;

Schedule P, -3.6%. For the entire system, the sample averaged 0.7% lower than the

population. During December 2013, the month of the evening peak, the sample

estimate for the entire system was 2.2 % lower than the population total, and was

able to satisfy the £10% specification. It should be noted that this is looking at the

overall sales for the entire month, not the specific hours of the system and class

peaks.

8. Schedule F — This rate applies only to public street lighting customers, of which
there were on average 196 during the study period, collectively using an average of
464 MWh per month. Schedule F had the smallest share of total system sales,
accounting for just 0.5% of the recorded total system sales during the study period,
and 0.6% of the twelve-month system peak. It did not contribute to any of the
system daytime peaks. The twelve-month load factor for Schedule F was 40%.

9.  Schedule G — During the study period, Schedule G served an average of 7,661 small
commercial customers with demands less than 25 kW and monthly consumption
under 5,000 kWh. Their average monthly consumption per customer was 967 kWh.
The average sample-estimated maximum non-coincident demand per customer was
4.6 kW. Schedule G contained 12% of customers and accounted for 8% of the total
kWh sold. Schedule G’s twelve-month load factor was 46%. The average class
contribution to the day peaks was 11%, which was higher than its average
contribution of 8% to the evening peaks. The weekday load profiles for Schedule G
begin increasing at about 5 AM, reach a plateau at noon, and typically peak
between 2 PM and 4 PM. The load profile then decreases fairly smoothly for the
rest of the afternoon. The weekend load profiles begin to ramp up later in the day at
8 AM and reach a lower plateau by 11 AM. The remainder of the day is flatter in
shape until 8 PM, followed by a gradual decrease through the evening. For the
winter months of November 2013 through January 2014, the average weekend peak
occurs at the hour ending at 7 PM. During the first four months of data collection
(July 2013 through October 2013) the average weekend load profiles have a steep
incline during the hour ending at 7 AM and 8 AM, followed by a sharp drop at 9
AM. These unusual usage patterns were driven by an account for a water well
where the pump would run during those hours and would often be off for the rest of
the day. Effective November 2013, this account was changed from Schedule G to
Schedule J, at which point it ceased to be part of the Schedule G sample. From 9
AM through 5 PM the average weekday load was 35% higher than the average
weekend load.

10. Schedule J — This rate applies to commercial customers who use over 5,000 kWh
per month or whose demand exceeds the Schedule G limits of 25 kW at least three
times within a twelve-month period, but is below the Schedule P limit of 200 kW.
During the 2013-2014 data collection, there was an average of 1,375 customers,
with an average monthly consumption of 15,900 kWh per customer. The average
sample-estimated maximum non-coincident demand per customer was 49 kW.
Schedule J’s twelve-month load factor was 70%. Schedule J’s average contribution

Maui Electric Company, Ltd. 3 2013-2014 Class Load Study
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to the day peaks, 26%, exceeded its average contribution to the evening peak, 23%.
The weekday load profiles typically reach a daytime peak at 10 AM. They then
plateau or lower slightly throughout the day until it reaches its evening peak at 8
PM. The average weekend profile has a more gradual ascent that begins at 6 AM or
7 AM and reaches an evening peak at 7 PM (during the autumn through winter
months) or 8 PM (during the spring through summer months). From 9 AM through
5 PM the average weekday load was about 18% higher than the average weekend
load.
11. Schedule P — This rate schedule consists of the largest customers, with power loads
that are 200 kW or more. The 123 customers on Schedule P accounted for 33% of
the total system energy consumption during the study period. The average recorded
monthly consumption per customer was 241,077 kWh. The average maximum non-
coincident demand per customer was 476 kW, and the twelve-month load factor
was 82%. Schedule P’s average contribution to the daytime peaks, 32%, exceeded
its average contribution to the evening peaks, 29%. The Schedule P average
weekday load profiles rise from 5 AM to late morning, with a plateau or slight
decline during the midday hours. It then climbs again in the afternoon until it
reaches an evening peak around 7 PM, and then declines through the night. The
weekend load profiles are somewhat similar, with 7 % less usage between 9 AM
and 5 PM.
12.  Schedule R — During the study period, Schedule R had an average of 55,292
accounts, which constituted 86% of Maui’s customers. The average residential
customer used 553 kWh per month, and the average sample-estimated maximum
non-coincident demand per customer was 4.5 kW. Its average contribution to the
monthly daytime peaks was 31%; its average contribution to the evening peaks was
40%. Residential customers had a twelve-month load factor of 50%. Schedule R’s
weekday load profiles usually show a morning peak at 8 AM followed by a plateau
or dip between the hours of 9 AM to 3 PM. After 3 PM, the weekday load profile
ascends to an evening peak around 7 PM or 8§ PM before dropping back down. The
weekend load profiles usually show a morning peak at 9 AM or 10 AM followed by
a plateau, gentle rise, or slight dip until 3 PM or 4 PM. The weekend load profiles
then resemble the weekday ramp up to an evening peak between 6 PM and 8§ PM.
From 9 AM until 5 PM Schedule R’s weekend loads averaged 11% higher than its
weekday loads, but weekday and weekend evening peaks were nearly equal.

Maui Electric Company, Ltd. 4 2013-2014 Class Load Study
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2. SAMPLE DESIGN

For the 2005 Maui class load study, RLW Analytics of Sonoma, California, was
contracted to design and draw the sample. RLW Analytics specializes in designing load
studies to accurately estimate the contribution to system peaks by each rate class. In
MECQO'’s subsequent class load study (2009), the sample design and sample selection was
completed internally by applying the RLW methodology. This current study follows a
similar methodology used in the 2009 Class Load Study. This section begins with an
overview of that methodology and then describes the 2013-2014 design and sample.

A. INTRODUCTION TO MBSS SAMPLE DESIGN AND ANALYSIS"

This section provides a very concise summary of model-based statistical sampling
(MBSS) for load research.

Load Research Life Cycle

Exhibit 2.1 presents a graphical representation of the Load Research Study Lifecycle.
Starting in the upper left-hand corner of the figure, the typical load research project
begins with a need for information. Moving clockwise around the graph, in preliminary
planning the required sample size is informed by models based on prior experience. Then
detailed sample designs are developed using the models with billing data for the target
population.
Exhibit 2.1
Load Research Study Lifecycle

Need for
Information

Population
Data

Prelim.
Plan

Sample
Design

Model /

——— Expand Sample

C

The next step is to select the sample and backups, install interval meters and start
collecting the sample data. The sample data is expanded to the population of interest and
the expected statistical precision is estimated. In typical studies, the rate class expansions
and the resulting statistical precision are the key analysis results. Following the class

" This section is based on material written in 2004 by Roger Wright, Ph. D., then President of RLW
Analytics, Inc., Sonoma, CA.
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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, as was the case in planning
this 2013-2014 study based on the 2009 results.

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 during the 2013-2014
data collection period (July 1, 2013 through June 30, 2014) or any function thereof. The
x-variable is usually the customer’s monthly or annual use or billed non-coincident
demand. The model is used to help choose the sample size n and to help formulate a
sample design with efficient stratification for stratified ratio estimation. The precision
gains from stratified ratio estimation are based on the correlation between the customer’s
hourly demand and their billed usage or billed non-coincident demand. This correlation
is generally high, and the higher the correlation, the better the precision of the estimates.
However, the recent rapid increase in customer installed energy generation systems (e.g.
photovoltaic systems installed under the Net Energy Metering program) is expected to
reduce this correlation somewhat, which may result in less precise estimates for future
samples. The impact of this reduction in correlation will be carefully assessed in the
sample design for the next round of class load studies.

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

A load research study is 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 every fifteen minutes.” We let y

' 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
difficult to defend than MBSS and conventional methods.

2 It is common to record usage on a 15-minute basis, and then accumulate the data into one-hour periods.

Maui Electric Company, Ltd. 21 2013-2014 Class Load Study
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denote any customer characteristic to be determined from the customer’s interval load
data (usually the demand in a particular hour), and we let x denote any suitable
characteristic of the customer’s usage that is known from billing data such as annual use.’

The population ratio B is defined by the equation

M=

Vi

1

il
>x

il

B

Here the summations are over the entire N units (e.g., accounts, customers or premises) in
the target population. The population mean or total of y is equal to B times the
population mean or total of x. The latter is assumed to be known from the billing data.

A sample of n customers is selected following a stratified sample design. For each
sample customer the case weight, w, equals the total kWh used by the customers in the
target population within the stratum containing the given customer divided by the total
kWh used by the customers in the sample within the given 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.

During the data collection period, some customers terminated service while others began
service, and accounts dropped out of the sample; therefore, case weights were calculated

for each month of the study period.

Using the case weight, the combined ratio estimator of B, denoted b, is defined by the
equation:”
2 WY,
il
S W,
il

b

Then, if desired, the population mean or total of y can be estimated as b times the
population mean or total of x, which is known from the billing data.

3 Instead of annual use, x may denote use in a given month or season, or non-coincident demand, if the
customer is demand-metered.

N,y
* This equation gives the same result as the more familiar stratum-weighted equation: b

N, x,

n

M=|= M=

=

1
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Using the case weights, the relative precision (7p) at the 90% level of confidence is
calculated as follows:

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

\/Zn:wi w, —1 ei2

il
n
D WX,
il

1.645 se b
—b )

2. Calculate 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.
The sample data also provides an estimate 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.

The error ratio is estimated from the sample using the following equation:

N DS

er -
Z W Vi
il

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

assumed 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 n 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:

i Bx+te
y
o, sde 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 or monthly use.

Maui Electric Company, Ltd. 23 2013-2014 Class Load Study
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Since the expected value of measurement error is zero, £ ¢, 0, the primary equation
can also be writtenas x;, E y, f x,. Here p, denotes the expected value of y for unit
i. The primary equation says that under the model, the expected value of y, is equal to a

fixed constant S times the x;.

The quantity, &, y, — u,, is called the residual. The N residuals are considered to be N
independent random variables. The standard deviation of ¢, is denoted as o, , the

residual standard deviation of each customer i. 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 y, is a random variable with
expected value x4, and standard deviation o,. The expected value x; 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 y (gamma).

The error ratio is defined by the equation:

N
Zai

1

N
Do

il

er

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

equation: rp 1.645%. If the population is smaller, the finite population correction
n

factor can be added, giving rp 1.645 ‘/1 - % %. If the desired relative precision is
n

specified, then the preceding equations can be solved to determine the required #.
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2
. . 1.64 ..
If the population size N is large, we have n [MJ . If the population is smaller,
p
2
. . . 1.645 er
the sample size can be calculated in two steps. First, calculate n, | ——— | . Then
p
calculate n — 0
l+n,/N

The preceding equations are generally sufficient to develop a preliminary plan.

Efficient Stratification

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 o, for each customer

in the population.
2. Choose the desired number of strata,’
Sort the sampling frame by increasing o;,.

» oW

Choose stratum cut points to divide the sum of the o, approximately equally

between the strata.

5. Allocate sample points to the individual strata based on the relative stratum
standard deviations, which often results in an approximately equal number of
sample customers to each stratum.

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

Under the ratio model, o, is determined by the x-variable together with the value of y .
Methods are available for estimating y from a sample. Usually the estimated values are
clustered around 0.8; key results are not very sensitive to .

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.

> With MBSS methodology five annual-use strata are usually sufficient in most load research applications.
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B. MECO SAMPLE "

The primary purpose of a class load study is to determine the contributions of each
customer class to peak loads. The availability of load data from 2009 made it possible to
design the 2013-2014 sample around the precision of the estimates at times of the 2009
system peaks. Based on billing data for May 2011 through April 2012, the 2013-2014
Maui sample design allocated 547 meters to the study. This sample size was expected to
provide a £10% relative precision at the 90% level of confidence in each rate class for its
contribution to the monthly evening peaks, day peaks and class peaks.

Table 2.1 shows the allocation of the sample by rate class. It includes the average
monthly MWh sales, the estimated error ratio, the number of accounts in the population
during 2009, and the recommended statistical sample size for random selection. The
error ratio, denoted as er, is a measure of the account-to-account variability of the 12-
month peak demand of the class. The error ratios were estimated from 2009 load data.
For each rate class, the actual error ratio in 2009 was estimated for both the system peak
and the class peak; the larger value was used for the 2013-2014 sample design.

Table 2.1

Maui 2013-2014 Class Load Study Sample Design
Rate | MWh/Mo er Poguol;l;;on Sample n

G 6,692 0.71 7,127 155

J 22,143 0.65 1,547 111

P! 31,010 na 123 123

R 31,955 0.71 53,067 158
Total 91,799 61,864 547

! All accounts under rate P were included in the study design

The symbol na (not applicable) indicates that an estimate of the error ratio was not
needed, because all accounts in the class were intended to be included.

Stratification
Initially, each rate had five strata and were stratified by average monthly kWh.

For Schedule R, a sixth census stratum of accounts using over 10,000 kWh per month
was added, because these very large accounts have an inordinate capacity to affect the
class’ contribution to peaks and the precision of the estimates. Similarly, for Schedule J,

™ This section was written by Dr. Earle.
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a sixth stratum was added for the accounts with an average monthly usage that exceeded
100,000 kWh.

Schedule P originally had all accounts included in the sample design. However, unique
metering configurations prevented interval data from being collected from some
installations. The stratification shown in the tables are a result of post-stratification.

Table 2.2 illustrates one of the sample designs, for Schedule G. Stratum 1 consisted of
all G accounts with average kWh less than or equal to 686 kWh per month. Stratum 1
was estimated to have 4,056 accounts with a total energy use of about 1,107 MWh per
month.

Table 2.2
Sample Design for Schedule G
Stratum Cut Point | Avg Total kWh Av‘.g Population N Sample
(kWh/mo) per Month Size (Accounts)
1 686 1,016,883 4,056 75
2 1324 1,233,481 1,279 20
3 2111 1,364,319 813 20
4 3200 1,493,796 569 20
5 5000 1,583,367 410 20

In each stratum, a random number was used to assign a priority to each account in the
sampling frame. Sample accounts were chosen according to the assigned priority,
resulting in a random sample within each stratum. For example, in the case of stratum 1
of the Schedule G design shown in Table 2.2, the first 75 accounts were in the primary
sample, and the next 75 accounts were designated as backups. Any remaining accounts
were designated as not used, but available, in the unlikely case of all backups being used.
Table 2.3 shows the complete sample design, by stratum.
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For a Confidence Level of 90% and Precision Level of +10% at System Peaks

Rate Stratum Population Total Population (N) Sample
Class Stratum Cutpoint”?  kWh/mo or max kW'? Avg by Month n

G 1 686 1,016,883 4,056 75
G 2 1,324 1,233,481 1,279 20
G 3 2,111 1,364,319 813 20
G 4 3,200 1,493,796 569 20
G 5 5,000 1,583,367 410 20
J 1 8,486 4,208,565 771 35
J 2 16,541 4,314,333 368 20
J 3 27,988 4,416,108 206 15
J 4 44,631 4,472,184 126 15
J 5 100,000 4,593,965 75 25
J 6 MAX 138,013 1 1

P na na 31,009,527 123 123
R 1 350 3,667,471 16,552 30
R 2 558 6,531,635 14,515 15
R 3 806 7,175,503 10,717 15
R 4 1,200 6,868,884 7,120 15
R 5 10,000 7,533,188 4,150 70
R 6 MAX 177,911 13 13

' Rates G, J and R are by kWh/month.
% na = not applicable, because all accounts are included in the sample.
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Actual Sample Size versus Sample Design

Inevitably, the population and sample of customers do not remain static throughout the
one year data collection period. By the end of data collection on June 30, 2014, the
actual sample sizes differed from the original sample design in Tables 2.1 through 2.3.
Sometimes individual sample points are lost through attrition over the course of the year.
For example, incomplete data reduced the average size of the Schedule R sample from
158 to 149.

Schedule P was not able to collect data from all accounts (as originally planned) due to
unique metering configurations that could not accommodate either remote interrogation

or manual probing.

Table 2.4 indicates the final average monthly sample size.

Table 2.4
Original and Actual Average Sample Size

Original Average
Sample Actual
_Rate Class __ Design __ Sample % Difference
F Not sampled Not sampled n/a
G 155 161 103.9%
J 111 107 96.1%
P 123 111 90.5%
R 158 149 94.1%
Total 547 528 96.5%

Table 2.5 compares the annual energy use for the population and, when applicable,
maximum monthly demand for the population and the sample for each rate class, by
stratum. Only Schedule G samples are not within 10% of the population. (The sample
averages for the overall rate class are weighted by the population counts for each
stratum.)
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Stratum Average
Rate Class Boundaries* Pop. Sample % Diff.
Billed kWh/mo Billed kWh/mo
Schedule G 0-686 230 277 + 21
687-1,324 960 967 +1
1,325-2,111 1,672 1,656 -1
2,112-3,200 2,609 2,695 +3
3,201-5,000 4,471 5,592 + 25
Average 972 1,084 +11.5
Billed kWh/mo Billed kWh/mo
Schedule J 0-8,486 5,377 5,807 +8
8,487-16,541 11,748 12,015 +2
16,542-27,988 21,589 21,384 -1
27,989-44,631 35,205 34,299 -3
44,632-100,000 61,308 62,503 +2
100,001-MAX 129,079 110,621 -14
Average 15,939 16,049 +.7
Billed kWh/mo Average Max kW
0-8,486 29 23 -20
8,487-16,541 43 53 + 23
16,542-27,988 77 86 +13
27,989-44,631 130 130 -1
44,632-100,000 172 171 -
100,001-MAX 549 580 +6
Average 60 61 +26
Max kW Billed kWh/mo
Schedule P 0-500 121,437 122,494 +1
501-MAX 434,109 449,969 +4
Average 242,207 248,981 +2.8
Max kW Average Max kW
0-500 294 300 +2
501-MAX 988 1,011 +2
Average 562 574 +23
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Table 2.5 (continued)
POPULATION vs SAMPLE ENERGY USE
by Rate and Stratum

Stratum Average
Rate Class Boundaries* Pop. Sample % Diff.
Billed kWh/mo Billed kWh/mo
Schedule R 0-350 192 241 +25
351-558 448 426 -5
559-806 667 675 +1
807-1,200 964 993 +3
1,201-10,000 1,831 1,921 +5
10,001-MAX 14,813 15,650 +6
Average 554 577 +4.1
Schedule F Not sampled (load data was manually constructed)

*For Schedule P, stratum boundaries are the results from post stratification

While analysis of the differences in stratum level averages can be helpful to diagnose
problems, the key indication of representativeness of the sample is for the rate class as a
whole.

Since the sample data is normalized to the population sales, these sample variations are
not as important as the samples’ precision at the times of the monthly system evening,
system daytime and class peaks.

Table 2.6 shows how the samples compare to the peak times. Schedules J and P achieved
the design goal of being within £10% precision at the 90% confidence level at the hours
of the annual evening (and system) peak on December 9" the annual daytime peak on
July 23" and the rate schedule’s respective annual class peak. Schedule P was well
within +10% precision for all peaks in each month of the year. Schedule J met the
precision target for all but 3 months at the time of the system evening peak and class
peak. Schedule G did not attain £10% precision for any of the system evening peaks,
but it did attain the precision target three times each for the system daytime peaks and
class peaks. Schedule R did not meet the £10% precision target for any of the peaks
during the data collection period.

It should be noted that this study’s total sample design size was 547 compared to 659 in
MECO’s previous (2009) class load study for the island of Maui. The lower sample size
is due in part to changes in the rate schedules, not because the population shrank.
Furthermore, between the time of sample design in 2012 and the 2009 class load study
data it utilizes, as well as during the time of data collection in 2013-2014, the system as a
whole had a rapid increase in the number of customer-installed distributed energy
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systems, such as photovoltaic (PV) systems under the Net Energy Metering program. As

a result, customers with high evening demands (kW) would now have lower total

monthly energy (kWh) consumption and there would also be more variation in loads

during the daytime hours when customers with PV may be having negative demand if

their PV systems are producing more energy than they are using at that time. However

the sample was not designed to incorporate the distinctly different load profiles of these

customers. The data that was used in this study did not contain any NEM customers.

The sample design for MECO’s next class load study will be adjusted accordingly to

address the proliferation of PV systems that are now on the grid.
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SAMPLE PRECISIONS AT THE SYSTEM AND CLASS PEAKS

Evening  Daytime Class

Rate Month Peak Peak Peak
G Jul 22.0% | 17.0% | 38.5%
Aug 17.6%  13.3%  40.7%

Sep 13.4%  121% _ 34.7%
Oct 15.6%  14.8%

Nov 10.5%  9.5% 9.6%

Dec 11.9%  11.8%

Jan 10.3%  9.7% 9.5%

Feb 1.2%  10.7%  9.5%

Mar 13.8%  11.5%  11.2%

Apr 124%  93%  10.2%

May 155%  11.0%  11.3%

Jun 11.8%  11.3%  11.6%

AVG. 14.1%  11.8%  19.4%
P Jul 14% | 1.4% | 1.4% |
Aug 1.3% 1.4% 1.7%

Sep 1.4% 1.6% 1.6%

Oct 1.3% 1.4% 1.4%

Nov 1.2% 1.3% 1.3%

Dec 1.4% 1.4%

Jan 1.2% 1.4% 1.3%

Feb 1.5% 1.8% 1.6%

Mar 1.5% 1.5% 1.5%

Apr 1.6% 1.7% 1.7%

May 1.4% 1.5% 1.5%

Jun 1.5% 1.5% 1.5%

AVG. 1.4% 1.5% 1.5%

Maui Electric Company, Ltd.
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Evening  Daytime Class

Rate Month Peak Peak Peak
J Jul 7.6% 7.5% 6.8%
Aug 6.5% 8.7% 8.4%
Sep 6.6%  8.2%

Oct 5.8% 7.5% 6.9%

Nov 6.0% 84%  10.9%

Dec 6.6% 6.9%

Jan 4.7% 5.9% 5.3%

Feb 6.6% 6.9% 6.2%

Mar 146%  7.0% 9.7%

Apr 156%  7.4%  11.2%

May 1.1%  8.3% 9.8%

Jun 8.1% 81%  10.5%

AVG. 8.2% 7.5% 8.4%

R Jul 14.9% | 14.2% | 12.0%
Aug 13.7%  11.1%  14.4%

Sep 15.4%  24.3%  11.9%

Oct 122%  19.4% _ 15.2%
Nov  156%  17.7%

Dec 19.0%  16.0%

Jan 106%  12.9%  13.4%

Feb 10.8%  13.0%  15.2%

Mar 135%  15.6%  12.1%

Apr 13.1%  16.2%  18.1%

May 14.4%  154%  16.2%

Jun 131%  151%  14.1%

AVG.  132%  16.2%  14.6%
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3. DATA COLLECTION, ANALYSIS AND EXPANSION

A. DATA COLLECTION

Data collection for MECO was initially scheduled for calendar year 2014, but was moved
up 6 months to harmonize with other operational needs. As a result, installation of load
profile meters in the field took place during 2012-2013. The type of meter used at a
location was determined by the customer’s size and type of service. Meter downloading
was tested and meter data collection began in June 2013.

Most of the collection of 15-minute interval pulse data was done using ITRON handheld
devices; the exception being some large accounts with a dedicated phone line hooked up
to their meter, in which case the meter was 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. Exhibit 3.1 depicts the load research procedure.

B. DATA VALIDATION

Three 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 calculated by MECQO’s customer billing system over
approximately the same time frame. The third, applicable to rate Schedules J and P only,
compared the maximum interval reading with the maximum monthly demand reading
between the same read dates.

C. DATA EDITING

The validation and check process identifies when there is an occasional irregular reading
that may not reflect actual usage. The most common cause for incongruities are gaps (i.e.
missing data) in the dataset. The data is accepted, rejected, or edited depending on the
frequency and duration of the data gaps.

Records that were missing more than two consecutive hours of data were not included in
the analysis. There were no records with data gaps that were two hours or less in length,
which could have otherwise been estimated based on linear interpolation.

For one account, the data was edited because the data translation had an incorrect meter
multiplier. The correct meter multiplier could be determined (and confirmed) by
examining and comparing the interval data results with the customer billing system’s
results. This was further confirmed with the customer accounting and billing area.
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D. DATA ANALYSIS AND EXTRAPOLATION

Data analysis and extrapolation was performed using SAS programs written expressly for
this project. After validation and editing, the 15-minute kWh data for each sample
account were aggregated into 60-minute integrated demand for each hour of the year.
Each account was assigned stratum weights, which are calculated by taking the ratio of
the number of customers in the population who fell within the stratum to the total number
of customers in the respective rate class.

The Mean-Per-Unit and Ratio estimation techniques were used to estimate the load by
rate class for each hour in the data collection period. The expanded and weighted hourly
demands were first calculated by stratum. The stratum hourly demands were then
aggregated by rate class.

Within each month, the ratio of each hour’s estimated kW to the total billed kWh for the
month was then calculated. To normalize the sample’s hourly demand data to the
recorded total sales for that class, the hourly ratios were multiplied by the official
recorded sales. For comparability with previous class load studies, the monthly hourly
sales were divided by the official customer count to give a mean-per-unit value for each
hour’s kW in a rate 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 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 average number of accounts
in each stratum from which data was collected.

The total number of accounts in Exhibit 3.2 is 528, not 547 as designed (cf. Table 2.1).
Installation of backup meters compensated for some of the attrition detailed in Section 2.
Nonetheless, this study’s total sample size was smaller than it has been in the past and the
recent proliferation of customer sited photovoltaic systems will in all likelihood require
the next study’s sample to be larger in order to achieve the target of £10% precision at
the hours of the annual system evening peak, the annual system day peak, and each rate
schedule’s respective class peak, as discussed in Section 2.
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Exhibit 3.1
THE LOAD RESEARCH PROCEDURE

Research
Objectives

Establish
Scope
and Data
Requirements

Population

Budget Design
Constraints Sample
1 Sampling Method
Determine
Metering

Requirements

Obtain Meters

Install Meters
and Configure for
Remote Interrogation
Where Applicable

1

Sunrise/Sunset
Times from

U.S. Naval Observator
Collect Construct
15-Minute Street Lighting
Interval Class Load
Data Profiles

Recorded

Billing Records
System Data

|

Validate, Clean and
Extrapolate Sample
Data to Class and
System Proportions

l

Analyze Data and
Construct Report

Extrapolation
Method

Stratum
Weights
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Exhibit 3.2
THE SAMPLE TOTALIZATION SCHEME
SUMMARIZATION LEVEL 1 2 3
AVERAGE
NUMBER OF ACCOUNTS STRATUM RATE CLASS SYSTEM
0 (Manually Constructed Load Data) F - Streetlighting
Avg kWh/mo
% — 0-686
27— 687-1,324 General Service
€ — 1,325-2,111 Non-Demand
2 —— 2,112-3,200 (G)
2 —-— 3,201-5,000
Avg kWh/mo
L —— 0-8,486
17 — 8,487-16,541 General Service
20 — 16,542-27,988 Demand
8 — 27,989-44,631 )
23— 44,632-100,000
6 —m8 ————— 100,001-MAX Total
System
Max Demand (kW)
68 —MM ———— Large Power
4 — Service
(P)
Avg kWh/mo
27— 0-350
20 — 351-558
14 — 559-806 Residential Service
27— 807-1,200 (R)
5 ——— 1,201-10,000
[ ——— 10,001-MAX
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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 ratio estimate basis to the total class, and normalized to the
official monthly sales.

The system load at the sales level was derived by summing over each rate class’
respective sales-normalized data. Statistics at the gross generation level were then
calculated by normalizing the data at the sales level to the recorded system hourly load
profile.

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

Here are the system load characteristics:

1. During the July 2013- June 2014 data collection period the Maui Division of Maui
Electric Company, Ltd. (MECO) served an average of 64,646 customers; total sales
were 1,079 GWh. Schedule R accounted for 86% of the total customer count, and for
the largest share of total sales, 34%. Schedule P represented the smallest amount of
customers, less than 1%, but contributed the second largest amount of sales at 33%.
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, December 29, 2013 at 6:42 PM.
Schedule R contributed the most to the system peak (37%), followed by Schedule P
(29%) and Schedule J (25%). Table 4.2 and Exhibit 4.3 show the contribution of
each rate schedule to the system peak for each month. During the study period, the
system peak for each month occurred in the evening. The hourly load at the time of
the system peak is normalized to the instantaneous peak demand.

3. The annual day peak occurred on Tuesday, July 23, 2013, at 2:53 PM. Schedule P
contributed the most to the day peak (33%), followed by Schedule R (30%) and
Schedule J (26%). Table 4.3 and Exhibit 4.4 show the share of each rate schedule to
the system day peak for each month. The hourly load at time of system day peak is
normalized to the instantaneous peak demand.

4. Table 4.4 displays the recorded system peak demands. The system peaks of each
month occurred in the evening, between 6 PM and 8 PM. The difference between the
instantaneous evening peak and instantaneous daytime peaks was largest in December
2013 (31 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 evening peaks. The hourly load is
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normalized to the actual 60-minute gross demand. Table 4.6 displays the percent
contribution of each rate schedule to the hourly load.

6. The estimated total system load is compared to the actual generated load for the days
of the monthly evening peaks in Table 4.7. The average absolute error of the
estimated total MWh on the twelve monthly system peak days is 1.4%. During the
hours of the twelve instantaneous peaks, the average absolute error of the estimated
demand is 7.1%. During the hour of the annual system peak (12/09/13 @ 18:42) the
estimated demand is 10.3% lower than the actual generated load. The largest error
for any monthly system peak is in February 2014 when the estimated demand is
11.2% lower than the actual generated load. Exhibit 4.6 displays the sample
estimated 60-minute integrated demand against the recorded system load, and shows
each rate schedule’s load profile. The estimated system profile is normalized to the
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 daytime peaks. The hourly load is
normalized to the actual 60-minute gross demand. Table 4.9 displays the percent
contribution of each rate schedule to the hourly load.

8. In Table 4.10 the estimated total system load is compared to the actual generated load
for the days of the monthly daytime peaks. The average absolute error of the
estimated total MWh on the days of the monthly daytime peaks is 1.5%. At the hours
of the twelve instantaneous daytime peaks, the average absolute error of the estimated
demand is 2.9%. During the hour of the highest daytime peak (7/23/13 @ 14:53) the
estimated demand is 3.3% lower than the actual generated load. Exhibit 4.8 displays
the sample estimate against the recorded system load, and shows each rate schedule’s
load profile. The estimated system profile is normalized to the recorded sales, but not
to the actual system loads.

9. Table 4.11 reports the time of occurrence of each class’ maximum peak demand
during the study period. None of the class peaks occurred during the twelve-month
system peak hour on December 9". Schedules P peaked during the hour ending 4
PM; Schedule G peaked during the hour ending 3 PM. (Schedule F always attains its
“peak” shortly after sunset and maintains it until shortly before sunrise.) Schedule R
peaked on a Sunday, between 6 PM and 7 PM. Schedule J was the only one to peak in
the AM, during the hour ending 11 AM.

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 similar patterns with minimal usage taking place during the early
morning hours, typically between 3 AM and 4 AM. The weekday loads are 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 P had the
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highest load factor, 82%, followed by Schedule J, at 70%. The annual load factor
based on the recorded total MWh and instantaneous system peak MW was 69%.

12. Table 4.15 reports the monthly total energy consumption for each rate schedule and
the system as a whole, normalized to the recorded sales. The sample estimates for
each rate schedule is normalized to sales, and then aggregated by hour of the day for
all the days in the month. Table 4.16 shows the percent contribution of each rate
schedule to the monthly aggregated hour.

Maui Electric Company, Inc. 40 2013-2014 Class Load Study
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S. SCHEDULE R: RESIDENTIAL SERVICE

The residential class has the largest number of customers in the system. During the 2013-2014
data collection period, it contained an average of 55,292 customers, or 86% of all customers.
Schedule R accounted for 34% of total sales during the study period, with an average
consumption of 30,591 MWh per month, or 553 kWh per customer.

The residential load data revealed these patterns and characteristics:

1. During 2013-2014 Schedule R’s average monthly consumption per customer ranged from a
low of 515 kWh in April 2014 to a high of 589 kWh in August 2013. The weighted average
monthly consumption for the customers in the sample was 558 kWh, which was 0.9% above
the average for the population (cf. Table 1.7).

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 341%. The average non-coincident
demand per customer was 4.5 kW; the average coincident demand per customer at the class
peak was 1.3 kW. The maximum coincident demand was highest in November 2013; the
maximum non-coincident demand was highest in January 2014. The monthly maximum
coincident demands were nearly constant throughout the year. The monthly maximum non-
coincident demands had more variability, but were also fairly constant, with the exception of
the highest value, 5.4 kW, in January 2014.

3. The sample’s monthly load factor ranged from 52% to 62% during the 2013-2014 data
collection period, with an average monthly load factor of 57%.

4. Schedule R’s monthly peaks occurred between 6 PM and 9 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).

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

Maui Electric Company, Ltd. 209 2013-2014 Class Load Study
Maui Division
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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 average contribution to the monthly system peaks, 40%, was higher than its
average contribution to the day peak, 31%.

Its contribution to the monthly system peaks ranged in amount from 67 MW in April 2014 to
81 MW in July 2013, and in percentage from 37% in December 2013 to approximately 42%
in July 2013 and October 2013.

The contribution to the day peak ranged in amount from 45 MW in April 2014 to 56 MW in
February 2014, and in percentage from 28% in May 2014 to 34% in February 2014.

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 5.5 through 5.8. The gross weekend and
weekday loads are graphed in Exhibits 5.1a through 5.11. Schedule R’s weekday load
profiles usually show a morning peak at 8 AM followed by a plateau or dip between the
hours of 9 AM to 3 PM. After 3 PM, the weekday load profile ascends to an evening peak
around 7 PM or 8 PM before dropping back down. The weekend load profiles usually show
a morning peak at 9 AM or 10 AM followed by a plateau, gentle rise, or slight dip until 3 PM
or 4 PM. The weekend load profiles then resemble the weekday ramp up to an evening peak
between 6 PM and 8 PM. From 9 AM until 5 PM Schedule R’s weekend loads averaged
11% higher than its weekday loads, but weekday and weekend evening peaks were nearly
equal.

Maui Electric Company, Ltd. 210 2013-2014 Class Load Study
Maui Division
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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 or equal to 25 kW and monthly consumption less than or equal to 5,000 kWh
per month. In terms of customer count, it is the second-largest class in the system with an
average of 7,761 customers, or 11.8% of all customers, during the data collection period.
Schedule G accounted for just 8% of total sales, with an average consumption of 7,406 MWh per
month, or 967 kWh per customer.

The Schedule G load data revealed these patterns and characteristics:

1. During the 2013-2014 data collection period, Schedule G’s average monthly consumption
ranged from a low of 856 kWh in February 2014 to a high of 1,087 kWh in August 2013.
The weighted average monthly consumption for the customers in the sample was 974 kWh,
which was 0.7% above 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 192%. The average non-coincident
demand per customer was 4.6 kW; the average coincident demand per customer at the class
peak of 2.4 kW. The maximum coincident demand was highest in October 2013; the
maximum non-coincident demand was highest in September 2013. The monthly coincident
demand per customer ranged from 2.0 to 2.9. The maximum non-coincident demand ranged
from 4.1 to 5.3.

3. During the 2013-2014 data collection period, the Schedule G sample’s monthly load factor
ranged from 49% to 60%, with an average monthly load factor of 55%.

4. Schedule G’s monthly class peaks occurred anywhere between 10 AM and 4 PM. The
hourly loads on the day of the class peak in each month are reported in Tables 6.2 (total
class) and 6.3 (average per customer).

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
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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 average contribution to the system peak is approximately 8%, lower than its
average contribution to the system day peak of 11%.

Its contribution to the system peak ranged from 12 MW in June 2014 to 16 MW in February
2014. (During the data collection period, all system peaks took place in the evening.)

The contribution to the day peak ranged from 14 MW in January 2014 to 19 MW in August
2013.

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 6.5 through 6.8. 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 5 AM, reach a plateau at noon, peak between 2 PM and 4 PM, with the exception of
October 2013 when the peak occurred between 4 PM and 5 PM. The load profile then
decreases fairly smoothly for the rest of the afternoon. The hour ending at 5 PM or 6 PM has
a pause in the decline, or even a slight increase, before continuing the decline throughout the
rest of the evening. The weekend load profiles begin to ramp up later in the day at § AM and
reach a lower plateau by 11 AM. The remainder of the day is flatter in shape until 8 PM,
followed by a gradual decrease through the evening. For the winter months of November
2013 through January 2014, the average weekend peak occurs at the hour ending at 7 PM.
During the first four months of data collection (July 2013 through October 2013) the average
weekend load profiles have a steep incline during the hour ending at 7 AM and 8 AM,
followed by a sharp drop at 9 AM. These unusual usage patterns were driven by an account
for a water well where the pump would run during those hours and would often be off for the
rest of the day. Effective November 2013, this account was changed from Schedule G to
Schedule J, at which point it ceased to be part of the Schedule G sample. From 9 AM
through 5 PM the average weekday load was 35% higher than the average weekend load.
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7. SCHEDULE J: GENERAL SERVICE DEMAND

The General Service Demand rate class consists of single metered commercial customers with
less than 200 kW demand and monthly consumption that exceeds 5,000 kWh with demand that
exceeds 25 kW three or more times within a twelve month period. Schedule J is the third-largest
class in the system based on customer count. During July 2013 through June 2014, it contained
an average of 1,375 customers, or 2% of all customers. But Schedule J accounted for 24% of
total sales, with an average consumption of 21,867 MWh per month, or 15,900 kWh per
customer.

The Schedule J load data revealed these patterns and characteristics:

1. During July 2013 through June 2014, Schedule J’s average monthly consumption ranged
from a low of 13,967 kWh in February 2014 to a high of 17,779 kWh in October 2013.

The average maximum demand for the Schedule J sample, 61 kW, was 3% higher than the
average for the population, 60 kW (cf. Table 2.5).

The average energy consumption for the Schedule J sample was 16,031 kWh per month,
which is 0.7% higher than the average for the population (c¢f. 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.

The Schedule J sample’s average monthly diversity factor was 157%. The average non-
coincident demand per customer was 49.3 kW; the average coincident demand per customer
at the class peak was 31.6 kW. The maximum non-coincident demand occurred in January
2014; the maximum coincident demand occurred in September 2013.

3. The sample’s monthly load factor ranged from 62% to 75% during the 2013-2014 data
collection period, with an average monthly load factor of 69%.

4. Schedule J’s monthly class peaks occurred during either the hour ending at 11 AM or the
hour ending at 12 PM, with the exception of August 2013 (hour ending 1 PM) and March

Maui Electric Company, Ltd. 253 2013-2014 Class Load Study
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2014 (hour ending at 10 AM). 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 daytime 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 daytime peak for each month.

Schedule J’s contribution to the system peak, 23%, was slightly lower than its contribution to
the daytime peak, 26%.

Its contribution to the system peak ranged from 40 MW in August 2013 to 49 MW in
December 2013.

The contribution to the daytime peak ranged from 39 MW in June 2014 to 45 MW in
October 2013.

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 7.5 through 7.8. The gross weekend and
weekday loads are graphed in Exhibits 7.1a through 7.11. The weekday load profiles begin a
steep ascent from 5 AM and typically reach a daytime peak at 10 AM. They then plateau or
lower slightly throughout the day until it reaches its evening peak (which is occasionally
higher than its daytime peak) at 8§ PM, at which point it declines through the rest of the night.
The average weekend profile has a more gradual ascent that begins at 6 AM or 7 AM and
reaches an evening peak at 7 PM (during the autumn through winter months) or 8 PM (during
the spring through summer months). From 9 AM through 5 PM the average weekday load
was about 18% higher than the average weekend load.

Maui Electric Company, Ltd. 254 2013-2014 Class Load Study
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8. SCHEDULE P: LARGE POWER SERVICE

The Large Power Service class consists of the largest commercial customers on the system.
Schedule P customers have power loads that are 200 kW or more. In terms of customer count, it
is the smallest rate class in the system with an average of 123 customers, or 0.2% percent of all
customers, during the data collection period. However, Schedule P accounts for 33% of total
sales, with an average consumption of 29,552 MWh per month, or 241,077 kWh per customer.

The Schedule P load data revealed these patterns and characteristics:

1. During the 2013-2014 data collection period, Schedule P’s average monthly consumption
ranged from a low of 213,730 kWh in February 2014 to a high of 261,050 kWh in August
2013.

Schedule P was stratified by maximum monthly demand. The average maximum demand for
the sample was 574 kW, 2% higher than the average for the population (cf. Table 2.5).

The average consumption for the Schedule P sample was 232,536 kWh per month, 3.6% less
than the average for the population (cf. Table 1.10).

2. Table 8.1 summarizes the monthly Schedule P load statistics per customer normalized to the
sales level. Table 8.1 also shows the non-coincident and coincident demands of the Large
Power Service 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 P sample’s average diversity factor was 118%. The average non-coincident
demand per customer was 476 kW; the maximum non-coincident demand of 520 kW
occurred in October 2013. The average coincident demand per customer at the class peak
was 403 kW; the maximum coincident demand, 426 kW, occurred in July 2013.

3. The sample’s monthly load factor was fairly steady, ranging from 80% to 84%, with an
average of 82%.

4. Schedule P’s class peak occurred between 10 AM and noon for the first § months of the data
collection period. From March 2014 onward, the class peak occurred between 2 PM and 4
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).

5. Table 8.4 summarizes the class contribution to the system and daytime peaks normalized to
the gross generation level. To extrapolate the demand from the sales level to the gross

Maui Electric Company, Inc. 275 2013-2014 Class Load Study
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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 daytime peak for each month.

Schedule P’s contribution to the system peak, 29%, was lower than its contribution to the day
peak, 32%.

Its contribution to the system peak ranged from 51 MW in March 2014 to 56 MW in
February 2014.

The contribution to the system daytime peak ranged from 48 MW in December 2013 to 57
MW in July 2013.

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 8.5 through 8.8. The gross weekend and
weekday loads are graphed in Exhibits 8.1a through 8.11. The Schedule P average weekday
load profiles rise from 5 AM to late morning, with a plateau or slight decline during the
midday hours. It then climbs again in the afternoon until it reaches an evening peak around 7
pm, and then declines through the night. The weekend load profiles are somewhat similar,
with 7 % less usage between 9 AM and 5 PM.

Maui Electric Company, Inc. 276 2013-2014 Class Load Study
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9. SCHEDULE F: PUBLIC STREET LIGHTING SERVICE

The Public Street Lighting Service consists of public street and highway lighting where
the lighting facility is operated, owned, and maintained by Maui Electric. Schedule F has
the second smallest customer count in the system, with an average of 196 customers, and
it had the smallest amount of total sales in the system, accounting for less than 1% of the
system total. During the data collection period, its average monthly consumption was
464 MWh, or 2,373 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 Kahului. 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 9.1. The allocation of monthly kWh to
hours of the day is shown in Table 9.2. 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 July 2013 through June 2014, public street lighting customers’ average
monthly kWh ranged from a low of 2,111 in February 2014 to a high of 2,656 in
March 2014. The average consumption was 2,373 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 9.4.

3. Shown in Table 9.6, Schedule F’s contribution to the system peak ranged from 225
kW in September 2013 to 1,705 kW in March 2014.

4. Schedule F did not contribute to the day peak. During the entire data collection
period, the monthly system peaks occurred in the evening, after the streetlights came
on.

5. Hourly load data at the system gross and the sales levels for the average weekday and
weekend of each month are presented in Tables 9.7 through 9.10. The gross weekend
and weekday loads are graphed in Exhibits 9.1a through 9.11. Manually generating
the load profile resulted in all the days of a given month having nearly identical load
shapes.

Maui Electric Company, Ltd. 297 2013-2014 Class Load Study
Maui Division
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SERVICE LIST
(Docket No. 2018-0165)

DEAN NISHINA 1 Copy

EXECUTIVE DIRECTOR Electronic Transmission
DEPARTMENT OF COMMERCE AND CONSUMER AFFAIRS

DIVISION OF CONSUMER ADVOCACY

P.O. Box 541

Honolulu, HI 96809

Dean.K.Nishina@dcca.hawaii.gov

JOSEPH K. KAMELAMELA 1 Copy
CORPORATION COUNSEL Electronic Transmission
ANGELIC M.H. HALL

DEPUTY CORPORATION COUNSEL

COUNTY OF HAWAI‘I

101 Aupuni Street, Suite 325

Hilo, Hawaii 96720

Attorneys for COUNTY OF HAWAI‘L

AngelicMalia.Hall@hawaiicounty.gov

ISAAC H. MORIWAKE 1 Copy

KYLIE W. WAGER CRUZ Electronic Transmission
Earthjustice

850 Richards Street, Suite 400

Honolulu, HI 96813

Attorneys for BLUE PLANET FOUNDATION

imoriwake@earthjustice.org

kwager@earthjustice.org

WILLIAM J. ROLSTON 1 Copy

DIRECTOR - ENERGY ISLAND Electronic Transmission
73-4101 Lapa‘au Place

Kailua Kona, Hawaii 96740-8424

willenergyisland@gmail.com

BEREN ARGETSINGER 1 Copy
Keyes & Fox LLP Electronic Transmission
P.O. Box 166

Burdett, NY 14818
Counsel for HAWAI‘I PV COALITION
bargetsinger@keyesfox.com

TIM LINDL 1 Copy

Keyes & Fox LLP Electronic Transmission
580 California Street, 12th Floor

San Francisco, CA 94104

Counsel for HAWAI‘I PV COALITION

tlindl@keyesfox.com
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SERVICE LIST
(Docket No. 2018-0165)

WILLIAM G. GIESE 1 Copy

Executive Director Electronic Transmission
HAWAII SOLAR ENERGY ASSOCIATION

c/o Hawaii Solar Energy Association

PO Box 37070

Honolulu, HI 96817

wgiese@hsea.org

HENRY Q CURTIS 1 Copy

VICE PRESIDENT FOR CONSUMER AFFAIRS Electronic Transmission
LIFE OF THE LAND

P.O. Box 37158

Honolulu, Hawaii 96837

henry.lifeoftheland@gmail.com

DOUGLAS A. CODIGA 1 Copy
MARKF. ITO Electronic Transmission
Schlack Ito

A Limited Liability Law Company
Topa Financial Center
745 Fort Street, Suite 1500
Honolulu, Hawaii 96813
Attorneys for PROGRESSION HAWAII OFFSHORE WIND, LLC
dcodiga@schlackito.com

ERIK KVAM 1 Copy
PRESIDENT Electronic Transmission
RENEWABLE ENERGY ACTION COALITION
OF HAWAII, INC.
4188-4 Keanu Street
Honolulu, Hawaii 96816
Erik. Kvam@REACHawaii.org

GERALD A. SUMIDA 1 Copy

ARSIMA A. MULLER Electronic Transmission
Carlsmith Ball LLP

ASB Tower, Suite 2100

1001 Bishop Street

Honolulu, HI 96813

Attorneys for ULUPONO INITIATIVE LLC

gsumida@carlsmith.com

amuller@carlsmith.com
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Chun, Marisa

From: puc@hawaii.gov

Sent: Thursday, July 02, 2020 9:10 AM

To: Chun, Marisa

Subject: Hawaii PUC eFiling Confirmation of Filing

[This email is coming from an EXTERNAL source. Please use caution when opening attachments or links in suspicious
email.]

Your eFile document has been filed with the Hawaii Public Utilities commision on 2020 Jul 02 AM 09:07. The mere fact of
filing shall not waive any failure to comply with Hawaii Administrative Rules Chapter 6-61, Rules of Practice and
Procedure Before the Public Utilities Commission, or any other application requirements. Your confirmation number is
MARI20090701008. If you have received this email in error please notify the Hawaii Public Utilities Commission by
phone at 808 586-2020 or email at hawaii.puc@hawaii.gov.
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