


Preface
The Hawaiian Electric Companies respectfully submit this revised December 2016 updated Power

Supply Improvement Plan (PSIP) to comply with Order No. 33877 issued by the Hawai'i Public Utilities
Commission on August 16, 2016 in Docket No. 2014-0183.
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4. Analytical Results
Maui Analytical Results

Maui System Security Analysis Results

System security analysis was performed to bring the resource plans into compliance with
TPL-001 and results are available in Appendix O. Based on the analysis for the Post-April
DR plan, the following resources are required in the next five years.

An FFR1 resource of 9 MW is required in 2019 to stabilize system frequency for a KWP |
trip at full output.

A new 16 MVA synchronous condenser is required in 2019 to provide reactive
power/voltage support and fault current for the 23 kV system level if the must-run
constraint is removed from Kahului 3 and 4. Otherwise, this resource is required in 2022
prior to retirement of the Kahului Plant in 2024. An additional 30 MVA synchronous
condenser at the 69 kV system level is required in 2020.

Like O‘ahu, Maui is susceptible to collapse for a normally cleared fault in 2019. Selective
sensitivity analyses were performed for normally cleared faults to stabilize system
frequency and/or bring the system into compliance with TPL-001. Strategies that were
analyzed include 1) mitigate the loss of generation with the addition of PFR at 1% droop
response, and 2) reduce the fault clearing time to 5-cycles improves system performance.
This can be accomplished by installing dual pilot or dual differential relay schemes.

More analysis is required to determine an optimal strategy to mitigate system impacts
from electrical faults.

After the system security analysis on the Post-April PSIP Plans was completed, the plans
were compared to the E3 Plans. Given the similarities of the near-term resource plans, we
conducted a screening analyses of the E3 plans to identify differences in resource
requirements. For Maui, the analysis focused on the E3 Plan. The loss of generation
screening results showed degraded system performance, more hours where frequency
response resources are required, than the Post-April DR plan. The FFR and PFR
capacities required are similar to the Post-April DR plan. The 69 kV fault analyses
identified more unstable conditions than the Post-April DR plan. Most of these
differences are attributed to the unit commitment and dispatch differences between the
Post-April PLEXOS production simulation and E3 plans and further review of the
dispatch models are required.
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4. Analytical Results
Maui Analytical Results

Regulating Reserve Analysis Results

With increasing levels of variable, intermittent resources in the future, such as distributed
and grid-scale solar and grid-scale wind, there will be insufficient regulating resources
on the system to maintain system frequency on a minute by minute basis and to cover
large ramping events. This will require continuous review and study of historical
changes in the actual performance of intermittent resources and the ability of current
regulating resources to balance the system. Evaluation of historical data and performance
will be used to determine whether there are sufficient resources available to integrate the
increasing levels of intermittent generation and if not, what resources are required in the
future.

Maui Plan Emissions

The CO, emissions of the Maui plans were estimated and shown in Figure 4-2. Emissions
for the all the plans decrease over time as more renewables are added to the system to
reach 100% renewable energy in 2045. The Post-April PSIP has the lowest emissions since
that plan has the highest amounts of renewables added. The E3 Plan with LNG has the
highest emissions until 2045 since that plan had the lowest amount of renewables added.
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Figure 4-2. Estimated CO, Emissions of the Maui Plans
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4. Analytical Results
Maui Analytical Results

Maui Plan Key Results

Although the plans evaluated have different paths to achieving 100% renewable energy
by 2045, the near-term resources are very similar. Some key findings from the analyses
are:

11 Large amounts of grid-scale wind is cost-effective in the near term.

11 The E3 Plan with LNG was marginally lower cost than the E3 Plan that did not
include LNG.

11 Replacement dispatchable generation is required to replace generation capacity lost
with the retirement of Kahului Power Plant. Upgrades to the Central Maui
transmission is necessary to provide the voltage support currently provided by the
Kahului Power Plant.

11 |Initial steps to facilitate the build out of new transmission to future grid scale
renewable resources that are beyond the five year action plan period. Such new
transmission will be site specific, dependent upon the specific location and size of a
future grid scale resource.

Hawaiian Electric
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4. Analytical Results
Moloka'i Analytical Results

MOLOKA'l ANALYTICAL RESULTS

Using updated input assumptions, we investigated and incorporated into our Post-April
PSIP plan:

11 High DG-PV forecast.
11 Demand response.
11 System security resources.

11 High-levels of grid-scale wind.

Moloka‘i 100% Renewables Plan Comparison

The Companies continued to refine the plans filed in the April 2016 PSIP which led to the
development of the Post-April PSIP Plan. For the first time, in this December filing,
PLEOXS’s capacity expansion module was used to optimize the future resource
installations for the island of Moloka‘i. PLEXOS optimized resource plans included
between 5 MW of grid-scale wind in 2020 and 1 MW grid-scale wind installed in later
years, depending on the 100% renewable energy target date (that is, 2020, 2030). Despite
adding 5 MW of grid-scale wind and higher levels of DG-PV, a fair amount of biofuel is
still utilized (see Appendix K).

To validate the optimal solution that PLEXOS’s capacity expansion module
recommended and reduce and/or eliminate biofuels, subsequent analyses were
performed with manual adjustments to resource plans. Manual adjustments included
overbuilding wind, adding PV, and adding energy storage systems. All of the
subsequent analyses were higher in total cost in comparison to the PLEXOS optimized
resource plans and still included the need for biofuels. This provided assurance that
PLEXOS’s has the capability of providing a least-cost solution.
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April PSIP Moloka'i
Year Theme 1 Plan

4. Analytical Results
Moloka'i Analytical Results

Table 4-5 compares our two April 2016 PSIP plans to the two 100% renewable PLEXOS
cases created for the December 2016 PSIP update.

April PSIP Moloka'i

Theme 3 Plan 100% Renewables by 2020 | 100% Renewables by 2030
2017
2018 Install two 5 MVA Install two 5 MVA

Synchronous Condenser Synchronous Condenser
i MVE\;/at(i(e)p;ingency 2.75 MW Contingency Battery
2019 Install 275 MVA Synchronous Install 2.75 MVA Synchronous
Condensers Condensers
2020 Install 5 MW Wind Install 5 MW Wind install MW_ Wind Install 5 MW Wind
Convert to biodiesel

2021
2022
2023
2024
2025
2030 Convert to biodiesel
2040
2045 Install 1 MW Wind

Table 4-5. Moloka'i April PSIP Plans and 100% Renewables Plans Comparison (DG-PV additions not shown)

Moloka‘i System Security Analysis Results

The Moloka‘i system is a nominal 12 kV radial distribution system that does not fall

under the jurisdiction of TPL-001. Therefore, the reliability criterion that was used for the

frequency response analysis is to prevent system collapse and to maintain acceptable

stability margin. Based on the analysis for the Post-April DR plan, the following

resources are required in the next five years.

11 An FFR1 resource of 2.75 MW is required in 2019 to stabilize system frequency for a

Pala‘au 9 diesel generator trip at 2.2 MW.

11 A new 2.75 MVA synchronous condenser is required in 2019 to provide reactive

power/voltage support and fault current.

Distribution fault analysis indicates the system is stable.
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4. Analytical Results
Moloka'i Analytical Results

Regulating Reserve Analysis Results

With increasing levels of variable, intermittent resources in the future, such as distributed
solar and grid-scale wind, there will be insufficient regulating resources on the system to
maintain system frequency on a minute by minute basis and to cover large ramping
events. This will require continuous review and study of historical changes in the actual
performance of intermittent resources and the ability of current regulating resources to
balance the system. Evaluation of historical data and performance will be used to
determine whether there are sufficient resources available to integrate the increasing
levels of intermittent generation and if not, what resources are required in the future.

Moloka‘i Plan Key Results

Although the plans had different target dates of achieving 100% renewable energy, the
analysis yielded the same near term goal. Some key findings from the analysis are:

11 5 MW of grid-scale wind is cost-effective in the near term.
11 Some biofuel is utilized to achieve 100% renewable energy.

11 Accelerating the target date for 100% renewable energy raises costs due to the earlier
substitution of more expensive biodiesel for diesel fuel
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4. Analytical Results
Lana‘i Analytical Results

LANA‘l ANALYTICAL RESULTS

Using updated input assumptions, we investigated and incorporated into our Post-April
PSIP plan:

11 High DG-PV forecast.
11 Demand response.
11 System security resources.

11 High-levels of grid-scale wind.

Lana‘i 100% Renewables Plan Comparison

The Companies continued to refine the plans filed in the April 2016 PSIP which led to the
development of the Post-April PSIP Plan. For the first time, in this December filing,
PLEOXS’ capacity expansion module was used to optimize the future resource
installations for the island of Lana‘i. PLEXOS optimize resource plans included between
3 MW-4 MW of grid-scale wind in 2020 and 1 MW-3 MW of grid-scale PV installed in
later years, depending on the 100% renewable energy target date (that is, 2020, 2030).
Despite adding 4 MW of grid-scale wind and higher levels of DG-PV, a fair amount of
biofuel is still utilized (see Appendix K).

To validate the optimal solution that PLEXOS’s capacity expansion module
recommended and reduce and/or eliminate biofuels, subsequent analyses were
performed with manual adjustments to resource plans. Manual adjustments included
overbuilding wind, adding PV, and adding energy storage systems. All of the
subsequent analyses were higher in total cost in comparison to the PLEXOS optimized
resource plans and still included the need for biofuels This provided assurance that
PLEXOS’s has the capability of providing a least-cost solution.

Hawaiian Electric
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4. Analytical Results
Lana‘i Analytical Results

Year

Table 4-6 compares our two April 2016 PSIP plans to the two 100% renewable PLEXOS
cases created for the December 2016 PSIP update.

April PSIP Lana'i

April PSIP Lana'i

Theme 1 Plan Theme 3 Plan 100% Renewables by 2020 | 100% Renewables by 2030
2017
2018
1.25 MW Contingency 1.25 MW Contingency Battery
2019 Install two 5 MVA Install two 5 MVA Battery Installl2 76 MYA Symeh
Synchronous Condenser Synchronous Condenser Install 2.75 MVA Synchronous nstafl 2. ynchronous
Condensers
Condensers
: : Install 4 MW Wind .
2020 Install 3 MW Wind Install 3 MW Wind _ Install 4 MW Wind
Convert to biodiesel
2021
2022
2023
2024
2025
2030 Install 1 MW Wind Install 1 MW Wind Convert to biodiesel
2040 Install L MW Wind
2045 Install 1 MW Wind

Table 4-6. Lana'i April PSIP Plans and 100% Renewables Plans Comparison (DG-PV additions not shown)

Lana'i System Security Analysis Results

4-22

The Lana‘i system is a nominal 12 kV radial distribution system that does not fall under

the jurisdiction of TPL-001. Therefore, the reliability criterion that was used for the

frequency response analysis is to prevent system collapse and to maintain acceptable

stability margin. Based on the analysis for the Post-April DR plan, the following

resources are required in the next five years.

11 An FFR1 resource of 1.25 MW is required in 2019 to stabilize system frequency for a
Miki Basin 7 diesel generator trip at 1.24 MW.

11 A new 2.75 MVA synchronous condenser is required in 2019 to provide reactive

power/voltage support and fault current.

Distribution fault analysis indicates the system is stable.
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4. Analytical Results
Lana‘i Analytical Results

Regulating Reserve Analysis Results

With increasing levels of variable, intermittent resources in the future, such as distributed
solar and grid-scale wind, there will be insufficient regulating resources on the system to
maintain system frequency on a minute by minute basis and to cover large ramping
events. This will require continuous review and study of historical changes in the actual
performance of intermittent resources and the ability of current regulating resources to
balance the system. Evaluation of historical data and performance will be used to
determine whether there are sufficient resources available to integrate the increasing
levels of intermittent generation and if not, what resources are required in the future.

Lana‘i Plan Key Results

Although the plans had different target dates of achieving 100% renewable energy, the
analysis yielded the similar resource plans. Some key findings from the analysis are:

11 4 MW of grid-scale wind is cost-effective in the near term.
11 Some biofuel is utilized to achieve 100% renewable energy.

11 Accelerating the target date for 100% renewable energy raises costs due to the earlier
substitution of more expensive biodiesel for diesel fuel..

Hawaiian Electric
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4. Analytical Results
Hawai'i Island Analytical Results

HAWAI‘l ISLAND ANALYTICAL RESULTS

Using updated input assumptions, we investigated and incorporated into our Post-April
PSIP plan:

11 High DG-PV forecast.

11 Demand response.

11 System security resources.

11 Regulation and ramping requirements.
11 Load-shifting energy storage.

11 High-levels of grid-scale PV and grid-scale wind.

Hawai‘i Island E3 Plan Comparison

4-24

The original E3 Plan was developed using RESOLVE (see Chapter 3). The Companies
then adjusted the original E3 Plan shown in Chapter 3 for use in the PLEXOS production
simulations and Finance model as follows:

11 Because the RESOLVE model allows incremental 1 MW blocks of new generation
options, generation resource sizing was adjusted match block sizes that the resource
costs were based on (see Appendix J). For example, RESOLVE added 16 MW of
grid-scale wind in 2022. The block size of the grid-scale wind was adjusted to 15 MW
for the PLEXOS model.

11 The original E3 Plan produced by RESOLVE did not choose to keep the Keahole
DTCC online in 2045. For the production simulations in PLEXOS, Keahole remained
in-service to provide voltage support throughout the entire planning period and
converted to biodiesel in 2045.

The E3 plans economically relied heavily on battery storage for firm capacity needs. The
E3 model did not take into account the uncertainty in weather and associated reliability
risk of not being able to serve load if there isn’t enough renewable energy to charge the
batteries and there is no thermal generation as backup. This situation could occur when
there are long periods of rainy days and low solar production. The seasonality of
available variable renewable resources is illustrated in Appendix K for select years.
Despite high amounts of grid-scale wind included in the E3 Plans, there are still periods
where the load exceeds the available resources in 2045. Seasonal load-shifting storage or
firm renewable generation would be necessary to bridge this gap.
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4. Analytical Results
Hawai'i Island Analytical Results

Table 4-3 shows the E3 plans that were evaluated using the PLEXOS model.

E3 Plan E3 Plan with LNG

2017

2018

Install 1 MW Grid-Scale PV (CBRE)
Install 2 MW Wind (CBRE)

Install 1 MW Grid-Scale PV (CBRE)
Install 2 MW Wind (CBRE)

2019

2020

Install 20 MW Wind
Install 12 MW 4-hour Load-Shift Battery
Puna Steam, Hill 5&6 Removal From Service
9 MW Contingency Battery
Install 25 MVA Synchronous Condensers

Install 20 MW Wind
Install 14 MW 4-hour Load-Shift Battery
Puna Steam, Hill 5&6 Removal From Service
9 MW Contingency Battery
Install 25 MVA Synchronous Condensers

2021

2022

Install 50 MW Wind

Install 15 MW Wind
Keahole CC Converted to LNG

2023

2024

2025

Install 9 MW 4-hour Load-Shift Battery

Install 10 MW 4-hour Load-Shift Battery

2030

Install 39 MW 4-hour Load-Shift Battery

Install 22 MW 4-hour Load-Shift Battery

2035

Install 21 MW 4-hour Load-Shift Battery

Install 13 MW 4-hour Load-Shift Battery

2040

Install 48 MW 4-hour Load-Shift Battery
CT1 biodiesel conversion
CT2 Removal From Service

Install 42 MW 4-hour Load-Shift Battery
CT1 biodiesel conversion
CT2 Removal From Service

2045

Install 30 MW Wind
Install 74 MW 4-hour Load-Shift Battery
Keahole CC biodiesel conversion
HEP hiodiesel conversion
CT3 hiodiesel conversion
Small diesels biodiesel conversion

Install 65 MW Wind
Install 204 MW 4-hour Load-Shift Battery
Keahole CC biodiesel conversion
HEP hiodiesel conversion
CT3 hiodiesel conversion
Small diesels biodiesel conversion

Table 4-7.

Hawaiian Electric

‘—H Maui Electric

Hawai‘i Island E3 Plan Comparison (DG-PV additions not shown)

Hawai‘i Electric Light

PSIP Update Report: December 2016 4-25



4. Analytical Results
Hawai'i Island Analytical Results

Hawai‘i Island Post-April PSIP Plan Comparison

4-26

The Companies continued to refine the plans filed in the April 2016 PSIP which led to the
development of the Post-April PSIP Plan.

For Hawai‘i Island, notable revisions include higher levels of DG-PV and additional
grid-scale wind in the near-term, added in 2020 to leverage benefits of tax incentives
prior to expiration of those programs. Adding grid-scale wind in the near-term delayed
the timing of additional geothermal. With the updated resource costs (see Appendix J), it
was found that adding considerable amounts of grid-scale wind earlier in the planning
period was cost-effective due to taking advantage of the tax incentives. However, due to
transmission constraints between the areas in which there are grid-scale wind resources
available and the location of the load centers, the amount of additional grid-scale wind
included in the plan was limited to 20 MW. Additional expansion of wind may be
feasible if procured near certain transmission system locations that can accommodate
higher levels; potentially as high as 70 MW.

Table 4-7 compares our three April 2016 PSIP plans to the Post-April PSIP Plan created
for the December 2016 PSIP update.
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4. Analytical Results
Hawai'i Island Analytical Results

April PSIP Hawai'i Island | April PSIP Hawai'i Island | April PSIP Hawai'‘i Island Hawai'i Island Post-April
Year Theme 1 Plan Theme 2 Plan Theme 3 Plan PSIP Plan

2017
Install 1 MW Grid-Scale PV
2018 (CBRE)
Install 2 MW Wind (CBRE)
2019 15 MW Contingency BESS 15 MW Contingency BESS 15 MW Contingency BESS
[nstall 20 MW Wind
2020 9 MW Contingency Battery
Install 25 MVA Synchronous
Condensers
2021
Install 20 MW Geo Install 20 MW Geo Install 20 MW Geo
2022 Puna Steam Removal From Puna Steam Removal From Puna Steam Removal From
Service Service Service
Conversion to 15.6 MVA
2023
Synchronous Condensers
Install20 MW Biomass
2024 Hill 5 Removal From Service Install 75 MVA Synchronous Install 75 MVA Synchronous
Install 45 MVA Synchronous Condensers Condensers
Condensers
Install 20 MW Geothermal
2025 Puna Steam Removal From
Service
Install20 MW Geo
2026 Hill 6 Remloval From Service
Conversion to 27.5 MVA
Synchronous Condensers
Install 20 MW Biomass Install 20 MW Biomass
2027 Hill 5 Removal From Service Hill 5 Removal From Service Install 20 MW Biomass
Conversion to 15.6 MVA Conversion to 15.6 MVA Hill 5 Removal From Service
Synchronous Condensers Synchronous Condensers
2028 Install 30 MW Wind
Install 30 MW/6hr Load-Shift
Battery, el AR TG T Install 20 MW Wind
2030 Install 30 MW Pumped - 6:{5 i r zo _ - 6:{5 i " zo _ Install 20 MW Geothermal
Storage Hydro, | emoval From Service | emoval From Service HI" 6 Removal From Service
Biofuel
2034 Install 20 MW Wind Install 20 MW Wind
2038 Install 20 MW Wind Install 20 MW Wind
2040 Biofuel Biofuel
2045

Table 4-8. Hawai'i Island April PSIP Plans and Post-April PSIP Plan Comparison (DG-PV additions not shown)

Hawaiian Electric
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4. Analytical Results
Hawai'i Island Analytical Results

Hawai‘i Island System Security Analysis Results

Hawai‘i has the most miles of transmission lines of any major island so the exposure to
system impact from electrical faults is high. Initial system security analysis was
performed and results are available in Appendix O. Based on the analysis for the Post
April DR plan, the following resources are required in the next 5 years. Additional
resources may be required to mitigate system impacts pending further investigation of
additional base cases and other types of events.

An FFR1 resource of 9 MW is required in 2019 to stabilize system frequency for a HEP
Trip in STCC mode at 28.7 MW.

A new 25 MVA synchronous condenser to provide reactive power/voltage support and
fault current is required in 2019.

Hawai‘i Island is susceptible to collapse for a normally cleared fault in 2019. Selective
sensitivity analyses were performed for normally cleared faults to stabilize system
frequency and/or bring the system into compliance with the planning standard TPL-001.
Strategies that were analyzed include 1) mitigate the loss of generation with the addition
of PFR at 1% droop response, and 2) installation of synchronous condensers. Delayed
clearing faults were analyzed but mitigation sensitivities were not performed. More
analysis is required to determine the impact of delayed clearing faults and to determine
an optimal strategy to mitigate system impacts from electrical faults.

After the system security analysis on the Post-April PSIP Plans was completed, the plans
were compared to the E3 Plans. Given the similarities of the near term resource plans, we
conducted a screening analyses of the E3 plans to identify differences in resource
requirements. For Hawai‘i island, the analysis focused on the E3 Plan. The short circuit
screening identified more synchronous condensers were required to meet the minimum
fault current requirement in 2022. The loss of generation screening found degraded
system performance starting in 2020 and more hours where additional frequency
response resources are required. Most of these differences are attributed to the unit
commitment and dispatch schedules which were different from the Post-April PLEXOS

production simulation so further review of the dispatch models are required.
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4. Analytical Results
Hawai'i Island Analytical Results

Regulating Reserve Analysis Results

With increasing levels of variable, intermittent resources in the future, such as distributed
solar and grid-scale wind, there will be insufficient regulating resources on the system to
maintain system frequency on a minute by minute basis and to cover large ramping
events. This will require continuous review and study of historical changes in the actual
performance of intermittent resources and the ability of current regulating resources to
balance the system. Evaluation of historical data and performance will be used to
determine whether there are sufficient resources available to integrate the increasing
levels of intermittent generation and if not, what resources are required in the future.

Hawai‘i Island Plan Emissions

The CO; emissions of the Hawai‘i Island plans were estimated and shown in
Figure 4-3Figure 4-1. Emissions for the all the plans decrease over time as more
renewables are added to the system to reach 100% renewable energy in 2045.
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Figure 4-3. Estimated CO, Emissions of the Hawai'i Island Plans
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4. Analytical Results
Hawai'i Island Analytical Results

Hawai‘i Island Plan Key Results

Although the plans had different target dates of achieving 100% renewable energy, the
analysis yielded the same near term goal. Some key findings from the analysis are:

11 Large amounts of grid-scale wind is cost-effective in the near term.

11 The E3 Plan with LNG was marginally higher cost than the E3 Plan that did not
include LNG given the relatively low volumes of LNG.

11 Grid-scale wind additions in the near-term were limited to transmission constraints.
Increasing the limits in the near-term could further reduce costs depending on
interconnection costs.

11 |Initial steps to facilitate the build out of new transmission to future grid scale
renewable resources that are beyond the five year action plan period. Such new
transmission will be site specific, dependent upon the specific location and size of a
future grid scale resource.

.. . . Hawaiian Electric
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4. Analytical Results
Ascend Analytics Validation Results

ASCEND ANALYTICS VALIDATION RESULTS

Ascend, through its PowerSimm model, validated the following PLEXOS modeling of the
following cases:

11 Oahu, Post-April PSIP Plan

11 Oahu, E3 Plan

11 Oahu E3 Plan with LNG

11 Hawai‘i Island, Post-April PSIP Plan

11 Hawai‘i Island, E3 Plan

11 Maui, Post-April PSIP Plan

11 Maui, E3 Plan

Ascend Analytics’ analysis yielded similar trends as the Companies evaluation of the E3
plans and Post-April PSIP Plans in general. A summary is provided below and further

details of Ascend’s analysis are provided in Appendix P.

Overall, the cost comparisons of the E3 Plan and the Post-April PSIP Plan for O‘ahu,
Maui, and Hawai‘i Island were directionally similar and relatively consistent with the

Company’s findings which are discussed in Chapter 5.

E3 Plan Percent Cost Differentials to Post-April PSIP Plan with PLEXOS and PowerSimm

PLEXOS Evaluation PowerSimm Evaluation
O‘ahu E3 Plan -0.1% +1.4%
O'ahu E3 Plan with LNG -1.6% -11.2%
Maui E3 Plan -7.0% -8.2%
Hawai'i E3 Plan -9.4% -2.4%

Table 4-9. E3 Plan Perfect Cost Differentials with PLEXOS and PowerSimm

11 Comparison of evaluation of plans by PLEXOS and PowerSimm
11 Ascend also found that the use of LNG could provide significant savings on O‘ahu.

11 Similar to the results of E3’'s RESOLVE model, PowerSimm simulations resulted in
acceleration of adding grid-scale renewables and load-shifting storage and further
optimization may be possible.

11 Ascend found the addition of flexible thermal units beneficial to assisting with
integrating higher levels of variable, intermittent generation. Without the flexible
thermal fleet, production costs will be higher because a considerable amount of steam
generators will be compelled to come online for a relatively short duration during

OO _@ Mo Eictrio PSIP Update Report: December 2016 4-31
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4. Analytical Results
Ascend Analytics Validation Results

4-32

peaking conditions, and then remain running at minimum generation for a substantial
block of hours when their generation is no longer necessary.

1 Both regulation batteries and flexible batteries provide savings in operating costs

immediately upon their introduction to the energy system, and these battery savings
grow over time.

1 Since the E3 plans rely heavily upon load shifting battery storage for capacity, the

system is susceptible to potential energy shortfalls when there are consecutive days
with low over-generation available for storage. Even if thermal generation is rarely
utilized at high capacities, the guarantee of dispatchable energy in periods with low
intermittent renewable generation is essential for meeting load reliably. Though
load-shifting batteries mitigate the need for thermal generation, they do not
completely eliminate this need. Similar findings are discussed further in Appendix K.

Load-shifting energy storage was found to be cost-effective as the levels of renewable
generation increases, especially with the increase in available solar generation. This is
consistent with the E3 plans developed for O‘ahu, Maui, and Hawai‘i Island. Without
load-shifting batteries, there would be insufficient renewable energy resources at
night, thus requiring thermal generation to meet customer demand. Not only would
this thermal generation in 2045 require burning expensive biofuels, but it would also
require expensive plant startups or running power plants at a sub-optimal generation
level to prevent startups and shutdowns.

Hawaiian Electric
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5. Financial Impacts

This chapter provides the financial analyses of the updated December 2016 PSIP. It
presents the capital requirements over the period for each Company and the residential
customer electricity rate and bill impacts for each of the different plans. These analyses
should not be used as precise long-term projections of customer rates. The value of these
projections is not in the precise values but in the relative results of planning to provide
context to inform important pending and future resource acquisition and system
operation decisions. Actual values could vary significantly with changes in assumptions
including resource costs, new renewable technologies, fuel prices, energy efficiency, tax
policy, fiscal policy, and other factors.

This chapter is divided into three sections, one for each Company. For each Company,
the following information is provided:

11 Revenue requirements

11 Capital expenditures

11 Residential customer rate and bill impacts

11 Total costs to achieve 100% renewable energy

Revenue Requirements

The revenue requirement calculations include both the power supply and non-power
supply cost structure. The calculations include operating and maintenance costs, taxes
other than income and public benefits fund, return on and of existing utility asset
investments, and return on and of future utility asset investments.

Hawaiian Electric
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5. Financial Impacts
Ascend Analytics Validation Results

Capital Expenditures

Capital expenditure projections for power supply, Smart Grid, ERP, and all other utility
capital expenditures (referred to as “balance-of-utility business capital expenditures”) are
included in the analysis.

11 Power supply capital expenditures include major investments in additional utility-
owned generation and LNG unit modifications, if applicable.

11 Smart Grid and ERP capital expenditures represent specific expenditures for those
major projects.

11 Balance-of-utility capital expenditures represent grid modernization expenditures
such as T&D upgrades, energy storage and synchronous condensers as well as all
other utility investments.

As described in detail in Appendix I: Financial Analysis and Bill Impact Calculations, the
balance-of-utility business capital expenditures and significant major projects are
adjusted in order to manage the impact on rates and to stay within reasonable financing
limits. Some exceptions are made for the lumpy nature of significant major projects that
may go into rates (for example, new generating stations and grid-scale batteries).

The lumpy rate increases inherent with traditional rate base treatment of major capital
projects are a challenge. The Companies will continue to explore options to smooth out
the rate impact of significant major capital investments through use of levelized cost
recovery (similar to Power Purchase Agreements) or request inclusion of the
Construction Work in Progress (CWIP) to be included in rate base as the project
progresses.

Residential Customer Bill and Rate Impacts

The overall impact on a residential customer’s bill is the combination of usage and rates.
Over the planning period, usage per residential customer is expected to decline,
consistent with the Energy Efficiency Portfolio Standard goals,?® providing an offset to
the increase in rates.

Customer rates are generally a function of the revenue requirement allocated across
projected kWh sales. Thus, declining kWh sales will increase rates and increasing kWh
sales will decrease rates. Over the planning period, kWh sales are generally projected to
decline, consistent with our state’s energy efficiency goals and the assumed load
reduction from distributed generation. As a result of an increasing revenue requirement
in combination with declining sales, residential customer rates rise over the planning
period, except in cases with LNG, where fuel savings provide an offset.

® Please see Appendix | for further discussion of the impact of the Energy Efficiency Portfolio Standard on customer
rate and bill impact analyses.

.. . . Hawaiian Electric
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However, with these investments, we are able to modernize generation to be more
flexible and efficient, transform our transmission and distribution system to better
integrate both distributed and larger utility-scale renewables, and obtain the energy
security and environmental benefits by achieving a 100% renewable future, all while

keeping electric rates affordable.

Total Investments to Achieve 100% Renewable Energy

Significant investments by home and business owners across the State, project developers
and independent power producers, Federal and State government, and the Company are
all required to achieve Hawai‘i’s goal of 100% renewable energy. As Hawai‘i selects the
best path to achieve its renewable energy future, the total cost of electricity is an
important consideration. For this analysis, the total cost of electricity is the sum of the
costs for independent generation, investments in distributed generation and storage,
federal and state tax incentives, fuel, and all other utility operating costs.
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HAWAIIAN ELECTRIC FINANCIAL IMPACTS

The data and analyses presented in this section cover all of Hawaiian Electric’s service
territory and customers. For O‘ahu, the E3 Plan with LNG and E3 Plan with LNG and
Generation Modernization, show the lowest overall revenue requirements over the 2017
to 2045 planning period. The E3 Plan is the lowest non-LNG scenario and the E3 Plan
with Generation Modernization is the highest cost scenario.

Revenue Requirements

Table 5-1 shows the Net Present Value of the annual revenue requirements for each Plan.

% Increase from
Net Present Value of Revenue Requirements ($000) Lowest Cost Plan

Post-April PSIP Plan $26,526,206 6%
E3 Plan $26,294,804 5%
E3 Plan with LNG $24,938,940 -
E3 Plan with Generation Modernization $26,562,410 7%
E3 Plan with LNG and Generation Modernization $25,743,019 3%

Table 5-1. Net Present Value of Revenue Requirements: Hawaiian Electric

The annual revenue requirements are presented in real dollars and nominal dollars in

Figure 5-1 and Figure 5-2.

O‘ahu Revenue Requirements (Real $)
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Figure 5-1. Revenue Requirement (Real $): O‘ahu
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O‘ahu Revenue Requirements (Nominal $)
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Figure 5-2. Revenue Requirements (Nominal $): O‘ahu

Capital Expenditure Projections

The Power Supply capital expenditures range from a low of $2.4B ($1.0B in the first nine
years) for the Post-April PSIP Plan to a high of $6.8B ($1.7B in the first nine years) for the
E3 Plan, consistent with the mix and timing of resource additions and retirements.

Table 5-2 through Table 5-6 summarize the capital expenditures by category for each
plan.

Post-April PSIP Plan

Under this resource plan, $2.4B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $1.0B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $294,800 $209,937 $24,779 $20,064 $15,749 $7,182 $572,511
Smart Grid $90,910 $11,855 $9,062 $7,021 $5,543 $0 $124,301
ERP $47,747 $0 $0 $0 $0 $0 $47,747

Ej';ﬂg;‘)f'“t”'ty $1200835 | $958637 | $L725726 | $1357979 | S$L374708 | $LOS5370 | $8,663,255
Total $1724292 | $1180429 | S1759567 | $1385064 | $1396000 | $1962552 | $9.407.904

Table 5-2. Hawaiian Electric Capital Expenditures (Nominal $): Post-April PSIP Plan
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E3 Plan

Under this resource plan, $6.8B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $1.7B (nominal) of this

investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $294.800 $208531 $24.779 $20,064 $15,749 $196,629 $760,552
Smart Grid $90,910 $11855 $9.062 $7021 $5543 $0 $124391
ERP $47,747 $0 $0 $0 $0 $0 $47,747
Ezﬁﬂg;m’”t'"ty $1181899 | $1702267 | $1420076 | $1820671 | $2755169 | $4111374 | $12.091456
Tota $1615356 | $1922653 | $1453917 | S1847756 | S$2776461 | $4308003 | $13924.146

Table 5-3. Hawaiian Electric Capital Expenditures (Nominal $): E3 Plan

E3 Plan with LNG

Under this resource plan, $6.6B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $1.8B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $550877 $225381 $24.779 $20,064 $15749 $156,565 $993 415
Smart Grid $90,910 $11855 $9.062 $7021 $5543 $0 $124391
ERP $47,747 $0 $0 $0 $0 $0 $47,747
Ezﬁﬂg;m’”t'"ty $1153396 | $1686429 | $1181793 | S$1677800 | $2573340 | $4612373 | $12885131
Tota $1842030 | $1923665 | $1215634 | S1704885 | $2594632 | $4768938 | $14.050,684

Table 5-4. Hawaiian Electric Capital Expenditures (Nominal $): E3 Plan with LNG

E3 Plan with Generation Modernization

Under this resource plan, $6.7B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $1.7B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $294,800 $209,937 $24,779 $20,064 $15,749 $7,182 $572,511
Smart Grid $90910 $11855 $9.062 $7021 $5543 $0 $124391
ERP $47,747 $0 $0 $0 $0 $0 $47,747
Ezﬁﬂg;m'”t'"ty $1265110 | $1864526 | $1489556 | $1846125 | $2610541 | $4111374 | $13187232
Tota $1698567 | $2086318 | $1523397 | $1873210 | $2631833 | $4118556 | $13931881

Table 5-5. Hawaiian Electric Capital Expenditures (Nominal $): E3 Plan with Generation Modernization

.. . . Hawaiian Electric
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E3 Plan with LNG and Generation Modernization

Under this resource plan, $6.4B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $1.8B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $550877 $226,787 $24.779 $20,064 $15,749 $7182 $345,438
Smart Grid $90,910 $11855 $9.062 $7021 $5543 $0 $124391
ERP $47,747 $0 $0 $0 $0 $0 $47,747
Ezﬁﬂg;m’”t'"ty $1236608 | $1686882 | $1214528 | $1534633 | $2361388 | $4666661 | $12700700
Tota $1026.142 | $1925524 | $1248369 | S$1561718 | $2382680 | $4673843 | $13718.276

Table 5-6. Hawaiian Electric Capital Expenditures (Nominal $): E3 Plan with LNG and Generation Modernization

Residential Customer Bill and Rate Impacts

Declines in estimated residential usage through energy efficiency provide an offset to
rate increases for needed new investments. Significant upfront expenditures for new
generation facilities and batteries in the first seven years of all plans contribute to the
increase in bills through 2023. With these investments, we are able to modernize
generation to be more flexible and efficient, transform our transmission and distribution
system to better integrate both distributed and larger utility-scale renewables, and obtain
the energy security and environmental benefits by achieving a 100% renewable future, all
while keeping electric rates affordable.

The E3 Plan with Generation Modernization is the lowest cost plan and the Post-April

PSIP is the highest cost plan.

Average Annual Bill Increase (2017-2045)

Post-April PSIP Plan 0.34% 2.28%
E3 Plan (0.20)% 1.72%
E3 Plan with LNG (0.05)% 1.88%
E3 Plan with Generation Modernization (0.22)% 1.71%
E3 Plan with LNG and Generation Modernization (0.11)% 1.82%

Table 5-7. Average Annual Residential Bill Increases: Hawaiian Electric

The residential customer bill impact for the five Plans are presented in real dollars and
nominal dollars in Figure 5-3 and Figure 5-4.
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O‘ahu Average Monthly Residential Bill (Real $)
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Figure 5-3. Average Monthly Residential Bill (Real $): O‘ahu

O‘ahu Average Monthly Residential Bill (Nominal $)
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Figure 5-4. Average Monthly Residential Bill (Nominal $): O‘ahu

As a result of an increasing revenue requirement in combination with declining sales,
residential customer rates, in real 2016 $, rise over the planning period for all plans.
Significant upfront expenditures in new generation facilities and batteries in the first
seven years of all plans contribute to the increase in rates through 2023. In 2023, the E3
Plan with LNG and Generation Modernization increases due to additional PPA costs.
Starting in 2044, all E3 plans decrease due to reductions in PPA costs. The E3 Plan with
LNG and the E3 Plan with LNG and Generation Modernization are generally the lowest
rate plans. The Post-April PSIP and E3 Plan with Generation Modernization are the
highest rate plans.
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The residential customer rates are presented in real dollars and nominal dollars in
Figure 5-5 and Figure 5-6.

O‘ahu Residential Rates (Real $)
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Figure 5-5. Residential Rates (Real $): O‘ahu

O‘ahu Residential Rates (Nominal $)
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Figure 5-6. Residential Rates (Nominal $): O‘ahu
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Total Costs to Achieve 100% Renewable Energy

Total cost of electricity is the sum of the costs for independent generation, investments in
distributed generation and storage, federal and state tax incentives, fuel, and all other
utility operating costs.

Figure 5-7 provides, by Plan, the Net Present Value of this cost stream over the period

2017 through 2045.

O'ahu - NPV of Total Costs to Achieve 100% RE
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Figure 5-7. Total Costs of the Plans 2017-2045: Hawaiian Electric
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MAUI ELECTRIC FINANCIAL IMPACTS

The data and analyses presented in this section cover all of Maui Electric’s service
territory and customers, unless clearly noted. Moloka‘i and Lana‘i are included in the
Maui results, and approximating estimations were made to break these islands out
individually as well. For Maui, the E3 Plan with LNG shows the lowest overall revenue
requirements over the 2017 to 2045 planning period. The Post-April PSIP Plan is the
highest cost plan.

Revenue Requirements

Table 5-8 shows the Net Present Value of the annual revenue requirements for each Plan.

% Increase from
Net Present Value of Revenue Requirement ($000) ($000) Lowest Cost Plan

Post-April PSIP Plan $5,287,079 6%
E3 Plan $5,048,805 1%
E3 Plan with LNG $4,982,469 -

Table 5-8. Net Present Value of Revenue Requirements: Maui Electric

Hawaiian Electric

O—9—@ waui Electric PSIP Update Report: December 2016 5-11

& Hawai‘i Electric Light



5. Financial Impacts
Maui Electric Financial Impacts

5-12

The annual revenue requirements are presented in real dollars and nominal dollars in
Figure 5-8 through Figure 5-13.

Maui Revenue Requirements (Real $)
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Figure 5-8. Revenue Requirements (Real $): Maui
Maui Revenue Requirements (Nominal $)
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Figure 5-9. Revenue Requirements (Nominal $): Maui
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Moloka‘i Revenue Requirements (Real $)
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Figure 5-10. Revenue Requirements (Real $): Moloka'i
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Figure 5-11. Revenue Requirements (Nominal $): Moloka'i
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Lana‘i Revenue Requirements (Real $)
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Figure 5-12. Revenue Requirements (Real $): Lana'i

Lana‘i Revenue Requirements (Nominal $)
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Figure 5-13. Revenue Requirements (Nominal $): Lana'i

Capital Expenditure Projections

5-14

The Power Supply capital expenditures range from a low of $0.6B ($0.3B in the first nine
years) for the Post-April PSIP Plan to a high of $1.2B ($0.3B in the first nine years) for the
E3 Plan with LNG, consistent with the mix and timing of resource additions and
retirements.

Table 5-9 through Table 5-17 summarize the capital expenditures by category for each
Plan, for all three islands, as well as Moloka‘i and Lana‘i separately.
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Post-April PSIP Plan

Under this resource plan, $0.6B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $0.3B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $17,559 $1,626 $1.639 $1,634 $1,153 $o $23,611
ERP $8,667 $0 $0 $0 $0 $0 $8,667
Ezlsai;'g;"f'“t"'ty $297473 $258944 | $206080 | $247797 | 287706 | $251280 | $1569,280
Total $323609 | $260570 | $227719 | $249431 | $288859 | $251280 | $1,601558

Table 5-9. Capital Expenditures (Nominal $): Post-April PSIP Plan — Maui

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $0 $0 $0 $0 $0 $0 $0
ERP $0 $0 $0 $0 $0 $0 $0
Balance-of-utility

business $4,864 $106 $114 $3915 $116 $67 $9,182
Total $4.864 $106 $114 $3915 $116 $67 $9,182

Table 5-10. Capital Expenditures (Nominal $): Post-April PSIP Plan — Moloka'i

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $0 $0 $0 $0 $0 $0 $0
ERP $0 $0 $0 $0 $0 $0 $0
Ezlsai;'g;"f'“t"'ty $3,778 $416 $646 $3008 $0 $0 $7848
Total $3,778 $416 $646 $3,008 $0 $0 $7,848

Table 5-11. Capital Expenditures (Nominal $): Post-April PSIP Plan — Lana'i
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E3 Plan

Under this resource plan, $0.9B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $0.2B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $17,559 $1,626 $1.639 $1,634 $1,153 $o $23,611
ERP $8,667 $0 $0 $0 $0 $0 $8,667
Ezlsai;'g;"f'“t"'ty $245,947 $232471 | $276967 $267898 | $339170 | $561463 | $1923916
Total $272173 | $234007 | 9278606 | $269532 | $340323 | 9561463 | $1956104

Table 5-12. Capital Expenditures (Nominal $): E3 Plan — Maui

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $0 $0 $0 $0 $0 $0 $0
ERP $0 $0 $0 $0 $0 $0 $0
Balance-of-utility

business $4,864 $106 $114 $3915 $116 $67 $9,182
Total $4.864 $106 $114 $3,915 $116 $67 $9,182

Table 5-13. Capital Expenditures (Nominal $): E3 Plan — Moloka'i

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $0 $0 $0 $0 $0 $0 $0
ERP $0 $0 $0 $0 $0 $0 $0
Ezlsai;'g;"f'“t"'ty $3,778 $416 $646 $3008 $0 $0 $7848
Total $3,778 $416 $646 $3,008 $0 $0 $7,848

Table 5-14. Capital Expenditures (Nominal $): E3 Plan — Lana'i

Hawaiian Electric
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E3 Plan with LNG

Under this resource plan, $1.2B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $0.3B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $73,083 $3,847 $76,930
Smart Grid $17,559 $1626 $1,639 $1,634 $1,153 $o $23611
ERP $8,667 $0 $0 $0 $0 $0 $8,667
Ezlsai;'g;"f'“t"'ty $255,846 $257029 | $209715 | $248808 | 371970 | $740213 | $210367L
Total $35155 | $262502 | $231354 | $250532 | $373123 | $740213 | $2212879

Table 5-15. Capital Expenditures (Nominal $): E3 Plan with LNG — Maui

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $0 $0 $0 $0 $0 $0 $0
ERP $0 $0 $0 $0 $0 $0 $0
Balance-of-utility

business $4,864 $106 $114 $3915 $116 $67 $9,182
Total $4.864 $106 $114 $3,915 $116 $67 $9,182

Table 5-16. Capital Expenditures (Nominal $): E3 Plan with LNG — Moloka'i

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply

Smart Grid $0 $0 $0 $0 $0 $0 $0
ERP $0 $0 $0 $0 $0 $0 $0
Ezlsai;'g;"f'“t"'ty $3,778 $416 $646 $3008 $0 $0 $7848
Total $3,778 $416 $646 $3,008 $0 $0 $7,848

Table 5-17. Capital Expenditures (Nominal $): E3 Plan with LNG - Lana'i
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Residential Customer Bill and Rate Impacts

Declines in estimated residential usage through energy efficiency provide an offset to
rate increases for needed new investments. Significant upfront expenditures in battery
storage in the first eight to nine years of all plans contribute to the increase in bills
through 2024-2025. With these investments, we are able to modernize generation to be
more flexible and efficient, transform our transmission and distribution system to better
integrate both distributed and larger utility-scale renewables, and obtain the energy
security and environmental benefits by achieving a 100% renewable future, all while

keeping electric rates affordable.

The E3 Plan is the lowest cost plan. The Post-April PSIP is the highest cost plan.

Average Annual Bill Increase (2017-2045)

Post-April PSIP Plan (0.14)% 1.78%
E3 Plan (0.31)% 1.61%
E3 Plan with LNG (0.25)% 1.68%

Table 5-18. Average Annual Residential Bill Increases: Maui Electric

The residential customer bill impact for the three Plans are presented in real dollars and

nominal dollars in Figure 5-14 through Figure 5-19.

Maui Average Monthly Residential Bill (Real $)
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Figure 5-14. Average Monthly Residential Bill (Real $): Maui
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Maui Average Monthly Residential Bill (Nominal $)
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Figure 5-15. Average Monthly Residential Bill (Nominal $): Maui

Moloka‘i Average Monthly Residential Bill (Real $)
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OO _@ Mo Eictrio PSIP Update Report: December 2016 5-19

A Hawai‘i Electric Light



5. Financial Impacts
Maui Electric Financial Impacts

Moloka‘i Average Monthly Residential Bill (Nominal $)
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Figure 5-17. Average Monthly Residential Bill (Nominal $): Moloka'i

Lana‘i Average Monthly Residential Bill (Real $)

$200
\

$150
$100

A o W I T S A T S 9 N 30

N » 32 3\ % \% 3\ ) ) O ) &) () M S

I U S S S S, S S S S e

===Lana‘i 100% RE by 2030 Plan
Figure 5-18. Average Monthly Residential Bill (Real $): Lana'i
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Lana‘i Average Monthly Residential Bill (Nominal $)
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Figure 5-19. Average Monthly Residential Bill (Nominal $): Lana'i

As a result of an increasing revenue requirement in combination with declining sales,
residential customer rates, in real 2016 $, rise over the planning period for all plans. The
significant upfront expenditures in battery storage in the first eight to nine years of all
plans contribute to the increase in rates through 2024-2025. The increase in rates in 2031
is driven by the addition of load shifting batteries. The decrease in rates in 2033 is driven
by lower PPA costs. The increase in E3 Plan with LNG in 2042 is driven by a shift in fuel
type. The E3 Plan with LNG is the lowest rate plan. The Post-April PSIP is the highest
rate plan.

The residential customer rates are presented in real dollars and nominal dollars in
Figure 5-20 through Figure 5-25.

Maui Residential Rates (Real $)
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Figure 5-20. Residential Rates (Real $): Maui
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Maui Residential Rates (Nominal $)
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Figure 5-21. Residential Rates (Nominal $): Maui

Moloka‘i Residential Rates (Real $)
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Figure 5-22. Residential Rates (Real $): Moloka'i
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Moloka‘i Residential Rates (Nominal $)

$1.10

$1.00 -~
$0.90 //
$0.80

$0.70 // e
$0.60
/

===Moloka‘i 100% RE by 2020 Plan

$0.50

$o.40,/

$0.30
A @ AN DO S A AN D S Al N D S
N S A R 1 S v SR L C AN G N T P
O A I R S S

Figure 5-23. Residential Rates (Nominal $): Moloka'i

Lana‘i Residential Rates (Real $)
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Figure 5-24. Residential Rates (Real $): Lana'i
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Lana‘i Residential Rates (Nominal $)
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Figure 5-25. Residential Rates (Nominal $): Lana'i

Total Costs to Achieve 100% Renewable Energy

Total cost of electricity is the sum of the costs for independent generation, investments in
distributed generation and storage, federal and state tax incentives, fuel, and all other
utility operating costs.

Figure 5-26 provides, by Plan, the Net Present Value of this cost stream over the period
2017 through 2045.

Maui - NPV of Total Costs to Achieve 100% RE
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Figure 5-26. Total Costs of the Plans 2017-2045: Maui Electric
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HAWAI‘l ELECTRIC LIGHT FINANCIAL IMPACTS

The data and analyses presented in this section cover all of Hawai‘i Electric Light’s
service territory and customers. For Hawai‘i Island, the E3 Plan shows the lowest overall
revenue requirements over the 2017 to 2045 planning period. The Post-April PSIP Plan is
the highest cost plan.

Revenue Requirements

Table 5-19 shows the Net Present Value of the annual revenue requirements for each

Plan.
e I
Net Present Value of Revenue Requirement ($000) ($000) Lowest Cost Plan
Post-April PSIP Plan $5,036,269 6%
E3 Plan $4,743,167 =
E3 Plan with LNG $4,838,515 2%

Table 5-19. Net Present Value of Revenue Requirement: Hawai‘i Electric Light
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5-26

The annual revenue requirements are presented in real dollars and nominal dollars in
Figure 5-27 and Figure 5-28.

Hawai‘i Island Revenue Requirements (Real $)
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Figure 5-27. Revenue Requirements (Real $): Hawai'i Island

Hawai‘i Island Revenue Requirements (Nominal $)
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Figure 5-28. Revenue Requirements (Nominal $): Hawai'i Island
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Capital Expenditure Projections

The Power Supply capital expenditures range from a low of $0.2B ($0.1B in the first nine
years) for the Post-April PSIP Plan to a high of $0.7B ($0.2 B in the first nine years) for the
E3 Plan with LNG, consistent with the mix and timing of resource additions and

retirements.

Table 5-20 through Table 5-22 summarize the capital expenditures by category for each
Plan, for all three islands.

Post-April PSIP Plan

Under this resource plan, $0.2B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $0.1B (nominal) of this
investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $92,425 $92,425
Smart Grid $21,948 $2,139 $2,201 $2,054 $1,429 $0 $29771
ERP $9.173 $0 $0 $0 $0 $0 $9.173
Ezﬁﬂg;(’f'm"'ty $345,908 $27604 | $332901 $350307 | $370337 $39345 | $2020,693
Total $460454 | $220833 | $3%5102 | $I2451 | S37L766 | $393456 | $2,152,062

Table 5-20. Hawai'i Electric Light Capital Expenditures (Nominal $): Post-April PSIP Plan

E3 Plan

Under this resource plan, $0.7B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $0.2B (nominal) of this

investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $92,425 $92,425
Smart Grid $21,048 $2,139 $2,201 $2,054 $1,429 $0 $29771
ERP $9.173 $0 $0 $0 $0 $0 $9.173
Ezﬁﬂg;(’f'm"'ty $295 443 $244,845 $403.779 $408,356 $460,830 $501482 | $2413735
Total $418,989 $246,084 $405,980 $410,410 $471.259 $501482 | $2545104

Table 5-21. Hawai'i Electric Light Capital Expenditures (Nominal $): E3 Plan
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E3 Plan with LNG

Under this resource plan, $0.7B (nominal) of capital will be invested by the utility in
Power Supply assets over the 29 year planning period, with $0.2B (nominal) of this

investment occurring in the first nine years of the period.

($000) 2017-2021 | 2022-2025 | 2026-2030 | 2031-2035 | 2036-2040 | 2041-2045

Power Supply $138,820 $2,442 $141,262
Smart Grid $21,048 $2139 $2,201 $2,054 $1,429 $0 $29771
ERP $9,173 $0 $0 $0 $0 $0 $9,173
Ezljgg;‘)f'”t"'ty $297 665 $246 815 $372,883 $397,818 $461123 $614264 | $2390568
Total $467.606 $251,396 $375,084 $399,872 $462,552 $614264 | $2570774

Table 5-22. Hawai'i Electric Light Capital Expenditures (Nominal $): E3 Plan with LNG

Residential Customer Bill and Rate Impacts

Declines in estimated residential usage through energy efficiency provide an offset to
rate increases for needed new investments. Significant upfront expenditures in battery
storage in the first eight to nine years of all plans contribute to the increase in bills
through 2024-2025. With these investments, we are able to modernize generation to be
more flexible and efficient, transform our transmission and distribution system to better
integrate both distributed and larger utility-scale renewables, and obtain the energy
security and environmental benefits by achieving a 100% renewable future, all while

keeping electric rates affordable.

The E3 Plan is the lowest cost plan. The Post-April PSIP is the highest cost plan.

Average Annual Bill Increase (2017-2045)

Post-April PSIP Plan (0.28)% 1.65%
E3 Plan (0.87)% 1.05%
E3 Plan with LNG (0.82)% 1.10%

Table 5-23. Average Annual Residential Bill Increases: Hawai'i Electric Light

The residential customer bill impact for the three Plans are presented in real dollars and

nominal dollars in Figure 5-29 and Figure 5-30.
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Hawai‘i Island Average Monthly Residential Bill (Real $)
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Figure 5-29. Average Monthly Residential Bill (Real $): Hawai'i Island

Hawai‘i Island Average Monthly Residential Bill (Nominal $)
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Figure 5-30. Average Monthly Residential Bill (Nominal $): Hawai'i Island

As a result of an increasing revenue requirement in combination with declining sales,
residential customer rates, in real 2016 $, rise over the planning period for all plans. The
significant upfront expenditures in battery storage in the first eleven years of all plans
contribute to the increase in rates through 2027. The decrease in 2030 is driven by lower
diesel costs. The increase in Post-April PSIP Plan in 2040 is driven by a shift in fuel type.
The increase in E3 Plan in 2041 is driven by the addition of load shifting batteries. The E3
Plan is the lowest rate plan. The Post-April PSIP is the highest rate plan.
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5-30

The residential customer rates are presented in real dollars and nominal dollars in
Figure 5-31 and Figure 5-32.

Hawai‘i Island Residential Rates (Real $)
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Figure 5-31. Residential Rates (Real $): Hawai‘i Island

Hawai‘i Island Residential Rates (Nominal $)
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Total Costs to Achieve 100% Renewable Energy

Total cost of electricity is the sum of the costs for independent generation, investments in
distributed generation and storage, federal and state tax incentives, fuel, and all other
utility operating costs.

Figure 5-33 provides, by Plan, the Net Present Value of this cost stream over the period
2017 through 2045.

Hawai'l Island - NPV of Total Costs to Achieve 100% RE
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Figure 5-33. Total Costs of the Plans 2017-2045: Hawai'i Electric Light

OO _@ Mo Eictrio PSIP Update Report: December 2016 5-31

4 A&~ Hawai‘i Electric Light






6. Planning and Analysis
Considerations

PLANNING AND ANALYSIS CONSIDERATIONS

The focus of the December PSIP Update is on near term actions to advance the
achievement of the State’s 100% renewable energy goal, to stabilize and reduce customer
rates, to maintain safe and reliable service and provide context to inform important
pending and future longer-term resource acquisition options and system operation
decisions.30

The PSIP addresses the uncertainty inherent in long-term forecasts and projections by
maximizing long-term flexibility to accommodate integration of new emerging
technologies and changing circumstances. In addition, the Companies have further
improved the Analytical Methodology and incorporated E3’s analysis using RESOLVE to
identify theoretical least-cost plans that utilized unbiased, objective modelling while
maximizing transparency. Furthermore, Ascend Analytics’ PowerSimm modeling tool
duplicated and validated the production simulation analyses performed by the
Companies. In addition to completing analysis of long-term resources such as LNG or
interisland transmission, we invested substantial time and effort in working with the
Parties to obtain feedback on input assumptions and define sensitivity cases to test the
robustness of the overall analyses. The Companies, with E3’s assistance, completed
sensitivity analyses around input received from the Parties.

As described in Chapter 3: Analytical Approach, E3 evaluated multiple cases that
considered the impacts of significant, long-term decisions such as LNG and Interisland
Transmission, and developed optimized resource plans for each case.

% Docket No. 2014-0183, Order No. 33877 at 2.
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Planning and Analysis Considerations

Our Renewable Energy Planning Principles

Translating the analytical results into near-term action plans requires the application of

planning principles that focus on fulfilling the objective of this PSIP. Our renewable

energy planning principles are as follows:

1!

Renewable energy is the first option. We plan to aggressively pursue cost-effective
renewable resource opportunities that work toward lowering generation costs on the
grid. Additional renewable resources can be added cost-effectively, ahead of RPS
requirements, as the technology of energy storage matures and costs decline.
Removing Hawai‘i from the volatility of world energy markets gives future
generations a tremendous advantage, and creates a clean energy research and
development industry for our state.

I The energy transformation must include everyone. Electricity is essential. Our

plans, as well as public policy, should ensure that ratemaking is fair and equitable,
and ensure access to affordable electricity—especially those least able to buy self-
generation and energy storage.

I Today’s decisions must not crowd out tomorrow’s breakthroughs. Our plans

keep the door open to developments in the rapidly evolving renewable generation
market. We must be able to easily accept new, emerging, and breakthrough
technologies that are most cost-effective and more efficient when they become
commercially viable.

I The power grid needs to be modernized. Energy distribution is rapidly moving

into the digital age. We must re-invent our grid to facilitate a 100% renewable energy
generation portfolio and enable technologies such as demand response, dynamic
pricing, grid-edge devices, and electrification of transportation. Flexible generation is
also needed to better integrate renewables.

I The lights have to stay on. Reliability and resiliency of service and quality of power

is vital for our economy, for our national security, and for critical societal
infrastructure. Our customers expect it, deserve it, and pay for it. All of our plans
must maintain or enhance the resiliency of the network—the grid—that delivers
energy to the military, businesses, and homes.

I Our plans must address climate change. Power plants are significant producers of

greenhouse gas emissions. We have reduced those emissions more than 15% over the
five years ending on December 31, 2015. Still, our plans must go further to reduce the
warming of our planet and to minimize the impacts climate change will have on the
energy-delivery network—rising sea levels, coastal erosion, increased temperatures,
and erratic storm activity.

Hawaiian Electric
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7.! There’s no perfect choice. No single energy source or technology can achieve our
clean energy goals and every choice has an impact, whether it’s physical or financial.
While we can mitigate those impacts, attaining our 100% renewable energy goal has
major implications for our land and natural resources, and the State’s economy. We
seek to make the best choices by engaging with customers, regulators, policy makers,
and other stakeholders.

Reducing Risk to Customers

Our action plans also seek to minimize the risks to our customers. We therefore have
developed our near-term action plans around managing the following risks.

Planning Flexibility Risk. All plans must maintain a level of flexibility and optionality to
incorporate technological advancements or to adjust should future expectations fall
short. We believe our action plans set forth a realistic, “least regrets” path forward.

Technology Risk. Renewable technologies have various levels of commercial readiness
and availability. We did not base our action plans on technologies that are unproven or
have unknown feasibility. To do so would expose our customers to risks that are not
appropriate for them to bear.

Fuel Price Risk. One of the most important risk variables is the projected cost of fuels
such as oil, coal, LNG, and biofuels. High fossil fuel prices make variable renewables
more attractive because the “fuel” for those resources is essentially free. Low fuel prices
make fossil fuels more attractive from a customer bill impact standpoint. This is an
important sensitivity in our PSIP analysis.

Financing Risk. The large amounts of capital required to transform our energy system
will require the Companies, IPPs, and customers to raise capital. The ability to raise
capital, and the cost of that capital, are a function of overall risk, including regulatory
and political risks, as well as the risks mentioned above. We have operated in a low
interest rate environment for a number of years. There are no assurances that such low
interest rates will be sustained. Tax incentives that have underwritten renewable energy
projects in the past are phasing out. It is therefore important that we deliberately pursue
our modernization and renewable energy initiatives in order to take advantage of the
current environment.

Implementation Risk. Development of large infrastructure projects is complex under the
best of circumstances. Unique factors in Hawai‘i add complexity. This is an external risk
that is outside our control. We cannot base our near-term action plans on projects that
have little chance of being constructed.
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Stranded Costs. Consideration must be given to minimizing or eliminating the prospect
of stranded costs in any capital invested in pursuit of implementing a plan.

Customer Adoption Risk. How much customers participate in energy generation must
be considered in light of their financial investment. How lifestyle considerations affect
their energy management and participation in grid services must be assessed.

Demand Forecast Risks. There are also risks associated with future demand forecasts.
These forecasts assume that the state’s aggressive energy efficiency portfolio standard
(EEPS) is met, and that the uptake of DER by customers as forecasted is actually realized.

Operational Risk. Any plan must be operable so that our customers enjoy continuous
and reliable electric service. Our action plan was developed to provide our customers
with continued reliability in a cost effective manner.
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Developing the Near-Term Action Plans
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DEVELOPING THE NEAR-TERM ACTION PLANS

Figure 7-1 depicts the developmental flow of our near-term action plans.

Cases Evaluated
E3 High DG-PV, No LNG*
E3 Market DG-PV, No LNG
E3 High DG-PV, LNG Available*
E3 Market DG-PV, LNG Available

Near-Term Action
Plans

E3 Interisland Transmission
Break-even

E3 Stakeholder Sensitivities

E3 High DG-PV, No LNG Plan w/
Generation Modernization*

E3 High DG-PV, LNG Plan w/
Generation Modernization*

HE Post- April PSIP Plans*
Ascend Analytics Validation

1r

Planning Principles

* Plans analyzed in Plexos

Figure 6-1. Development of the Near-Term Action Plans
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Combination of the Above

Although the analysis clearly indicates the cost benefits of LNG, procurement of LNG

requires a long-term commitment, with substantial financial considerations.

Furthermore, with lower energy costs, the build-out of renewables is less aggressive

compared to cases where energy costs are higher. Additionally, the Governor has

expressed concerns about LNG being a distraction to the State’s efforts to achieve its

renewable energy goals. For these reasons, development of LNG in the near-term is

highly improbable.

Accordingly, in the Companies’ Motion for Clarification of Order No. 33877, the

Companies stated: “... That in light of the Companies’ withdrawal of their applications

for approval of a liquefied natural gas (“LNG”) fuel supply agreement and for approvals

related to a proposed Kahe combined cycle project to be fueled primarily with natural

gas, consideration of LNG will not be part of the Companies’ five-year action plans, but

similar to other longer term options, LNG as a potential transition fuel for long-term

planning towards the State’s 100% renewable energy goals will be analyzed to determine

its impact in stabilizing and lower costs for customers and in lowering emissions, while
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aiding in the effective integration of renewable energy in a manner consistent with Order
No. 33877 and the Commission’s Inclinations.”

Considering all factors, the Near-Term Action Plan does not include LNG. This
assumption results in a more aggressive build-out of renewables. The risks of an
aggressive build-out of renewable energy, if cost-effective, are very limited.

Distributed Photovoltaic Generation (DG-PV)

Customer participation in DG-PV continues to be strong, as evidenced by the response to
the CGS program. Realization of the High DG-PV forecast will offset some grid-scale
renewable resources but does not eliminate any future pathway. It will also require
policy decisions to support achieving the levels forecasted, which is under discussion in
Docket No. 2014-0192. Achieving high levels of equitable DER will be especially
beneficial if grid-scale resources are difficult or take longer to develop, or if there is a
shortfall of developable onshore resources. For these reasons, the 2017-2021 Resource
Plans plan for and incorporate the High DG-PV forecast and assume full implementation
of DR programs.

Planning for the High DG-PV forecast carries little risk. This approach positions our
systems to be better equipped to accommodate any future new technologies. If customer
participation in DG-PV does not meet expectations, we will have the option to pursue
more grid-scale renewables.

Interisland Transmission

6-6

E3 found that the “Copper-Plate” Interisland Transmission case substantially increases
the renewable builds on the neighbor islands and substantially reduces the renewable
build out on O*ahu. The resulting build out of renewable resources on O‘ahu in the
2020-2022 timeframe would be reduced from 348 MW to zero; Maui would increase from
96 MW to 217 MW; and Hawai‘i would increase from 70 MW to 814 MW. E3 notes that
these are unrealistic build amounts given both the near-term timing and the assumption
of unlimited transmission capacity on each island system.

In the near—term, the resource decisions in the interisland cable case compared to the
individual island cases do not change drastically because the renewable build is
constrained by interconnection limitations. However, given the extreme uncertainty
around the cable permitting, feasibility and timing, a risk mitigating strategy would be to
procure resources in the next 5 years without a presumption that an interisland cable

% Docket 2014-0183, Order No. 33877: Hawaiian Electric Companies’ Motion for Clarification of Order No. 33877, filed
August 26, 2016.
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will be in place. This is also a prudent step given RPS requirement to achieve 30% RPS
in 2020.

More impactful differences in resource decisions start to occur in 2022. These should be
analyzed in further detail along with more development of the cost assumptions and
operational constraints of the cable options as well as consideration of the 40% RPS
requirement in 2030. A near-term build out that optimizes the renewable resources on
each island does not eliminate any future pathway, including interisland transmission.

Generation Modernization

To address the Commission’s Inclinations to modernize the generation system and to
address risks of continuing to operate existing generation through 2045, we analyzed the
impacts of generation modernization for O*ahu.32

The Joint Base Pearl Harbor Hickam (JBPPH) Power Barge and Marine Corp Base
Hawai‘i (MCBH) projects build on the benefits provided by the Schofield Generation
project. Older, less flexible generation (Waiau 3 and 4 and AES) is replaced with new
flexible generation needed to facilitate the integration of variable renewable generation,
allowing for much higher levels of renewable energy, and the elimination of coal. While
E3’s sensitivity analysis did not choose to build these units in this timeframe, E3’s
analysis does choose to build new dispatchable generation later in 2045.

It should be noted that the RESOLVE model does not investigate detailed contingencies
or system security constraints and uses a simplified capacity adequacy determination
based solely upon reserve margins, rather than the capacity planning criterion and
guidelines used for each island. This simplification might be adequate for large
connected systems, but needs to be augmented with specific capacity adequacy models
for Hawai‘i’s island systems. E3 also clarifies that RESOLVE assumes that beyond 2020
there are no interconnection limits or land use issues to constrain the grid in absorbing
further renewable energy installations and that all resources will be developed as
needed, without consideration of the consequences of delayed availability of required
resources (that is, perfect foresight).

Hourly production simulation analyses results from PLEXOS and Ascend indicate that a
capacity shortfall exists in the early 2020s with the retirements of Waiau 3 and 4 in 2020
and PPA expiration of AES in 2022. If distributed and/or grid-scale renewable energy
resources take longer to develop, the capacity shortfall will be intensified. Incremental,
measured, modernization with flexible generation will help mitigate these risks and
reduce concerns over stranded assets, as investments are made earlier as opposed to

% Docket 2012-0036, Order No. 32052; Regarding Integrated Resource Planning: Commission’s Inclination on the Future of
Hawai'l's Electric Utilities, at 6.
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later. The increased generation flexibility and improved efficiency will facilitate
integration of more variable renewable energy resources and reduce fuel cost.

Depending on the location and configuration, the JBPPH Power Barge and MCBH
projects could also help to improve grid resiliency by distributing generating resources
and potentially allow for critical infrastructure to operate as a microgrid if the need
arises. For these reasons, the 2017-2021 Resource Plan for O‘ahu incorporates the JBPHH
and MCBH projects.

Other Considerations

RESOLVE does not investigate detailed contingencies or system security constraints, and
there are reliability benefits to keeping thermal projects online that RESOLVE is not

considering.

Furthermore, the RESOLVE analysis does not account for the risks of future
environmental compliance requirements under New Source Performance Standards
(NSPS) or New Source Review (NSR), nor does it account for regulatory changes that
could result in substantial cost impacts to keeping existing generation online or possibly
require the closure of older generation. These are not shortfalls of the E3 RESOLVE
model, but rather real-world possibilities that no resource optimization model is able to

simulate.

While our existing generating assets on O‘ahu have served us well for many years, a
methodical, measured retirement/replacement strategy that is designed to facilitate the
transition to 100% renewable energy is a prudent, risk reducing measure over the longer
term. The need for flexible generation will increase as higher levels of variable renewable
energy are achieved. We have analyzed two slightly different approaches in the Post-
April PSIP Plan and the E3 Plan with Generation Modernization. While our generation
modernization analysis in PLEXOS did not demonstrate cost-effectiveness relative to the
E3 Plan without Generation Modernization, it did not account for the risks of future
environmental compliance requirements under NSPS or NSR, other mandated changes,
or reliability issues that we may encounter as we operate our units in ways for which
they were not originally designed. The costs to add pollution control equipment, which
may be required at some point to continue operation of existing units, were not included
in our analysis. Prior estimates for these improvements are approximately $900M for
Kahe and Waiau.

The same modeling limitations described for O‘ahu apply for the Maui and Hawai‘i
systems, although in different degrees. As the resource mixes change, reliability concerns
may require changes to the characteristics to existing generation or require supplemental
and/or new resources. Maui Electric must retire Kahului Power Plant (KPP) in 2024 to
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comply with mandatory NPDES requirements. This will result in a shortfall of
dispatchable capacity despite the addition of new variable renewable generation in 2020.
Both the E3 Plans and Post-April PSIP Plan for Maui indicate a need for new
dispatchable generation due to a capacity shortfall resulting from the retirement of KPP.
KPP not only supplies power to meet demand, but it also provides voltage support for
the central Maui area, and fault current for the 23 kV system.

Since any replacement generation will be relocated from KPP, upgrades to the Central
Maui transmission line must be in place and a synchronous condenser must be installed
on the 23 kV system before KPP is retired. In addition to the new dispatchable generation
and Central Maui transmission upgrades, the Near-Term Action Plan for Maui includes
18 MW of internal combustion engine (ICE) generation as a non-transmission alternative
to new transmission lines to South Maui.

Moloka‘i and Lana‘i have existing generation that is sufficiently flexible to meet current
and future needs.

While increasing flexibility is required from firm generation as variable resources
increase on the system and larger conventional plants are displaced from operation,
Hawai‘i Electric Light has a significant amount of flexibility with its existing fast start
diesels and simple-cycle combustion turbines. The diesels and simple-cycle units initially
provided fast-starting replacement reserves to restore under—frequency load-shed
customers, and to support short-term energy needs. These units have proven useful in
managing system balancing with a high penetration of variable renewable resources.
Therefore, it is not a near-term priority to add new flexible generation to accommodate
variable renewable generation.
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RESOURCE PLANS (2017-2021)

Resource plans spanning the years of 2017 to 2021 were developed for each island,
applying the Planning Principles and Risk Considerations described above. The resource
size and timing are not absolute and are subject to change, depending on specific
conditions at the time applications are submitted to the Commission for approval and
upon obtaining Commission approval.

O‘ahu Resource Plan (2017-2021)

O‘ahu’s 2017-2021 Resource Plan incorporates elements of the E3 Plan and Post-April
Plan. Both plans incorporate High DG-PV, and are similar in terms of cost and customer
rates. The primary differences are that the Post-April Plan incorporates 30 MW of
additional grid-scale onshore wind and 100 MW/1hr regulation BESS in 2020 and 100
MW of PV in 2021. The 100 MW of PV in 2021 exceeds the transmission capacity
constraint for O*ahu and will need to be studied further after the amount and location of
the grid-scale PV in 2020 is specified through the RFP process. The 30 MW of additional
grid-scale onshore wind in combination with the 100 MW per one-hour regulation
battery appears to provide cost benefits and increases the amount of renewable capacity
that can be interconnected. Since the federal tax credit for wind projects will expire at the
end of 2019, it is prudent to seek proposals for potential developable resources as soon as
possible. Additionally, sub-hourly analysis in PLEXOS and regulation analysis by
Ascend Analytics identifies the need for regulating resources in addition to the resources
provided by DR.

System security requirements include an FFR1 resource of 70 MW in 2019 to supplement
capacities of FFR2 demand response resources to stabilize system frequency for a Kahe
Unit 5 trip at full output, and conversion of Honolulu 8 and 9 to synchronous condensers
(128.5 MVAR total) in 2021 to provide reactive power/voltage support and fault current.
Additional resources may be required to mitigate system impacts from normally cleared
and delayed clearing faults pending further investigation.
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Maui Resource Plan (2017-2021)

Maui’s 2017-2021 Resource Plan incorporates all resources from the E3 Plan, which
includes High DG-PV. The E3 Plan resulted in a lower overall total cost and lower
customer rates in comparison to the Post-April PSIP Plan.

System security requirements include an FFR1 resource of 9 MW in 2019 to stabilize
system frequency for a KWP I trip at full output, a new 30 MVA synchronous condenser
in 2019 to provide reactive power/voltage support and fault current, and a new 16 MVA,
23 kV synchronous condenser in 2022, before Kahului Power Plant is retired in 2024.
Additional resources may be required to mitigate system impacts from normally cleared
faults pending further investigation.

Table 6-2 outlines the resource plan for Maui.

Year Maui Resource Plan

2017 17.1 MW DG-PV
5.74 MW Grid-Scale PV
2018 3.5 MW DG-PV
2 MW Grid-Scale Wind (CBRE)
1 MW Grid-Scale PV (CBRE)
2019 6.8 MW DG-PV
9 MW Contingency FFR1
2020 6.7 MW DG-PV
60 MW Grid-Scale Onshore Wind
New 30 MVA Synchronous Condenser (69 kV)
2021 4.3 MW DG-PV

Table 6-2. Maui Near-Term Resource Plan

The Maui near—term resource plan will add a total of 108 MW of distributed and
grid-scale renewable energy capacity to the system, increasing the total renewable energy
capacity to 284 MW. The percent RPS and percent renewable energy will increase to 63%
and 50%, respectively.

2016 (Existing) 2017-2021 (New) 2021 (Total)

38.4 MW DGPV 136.4 MW DGPV
1.0 MW FIT 6.6 MW FIT
10.8 MWh DESS 10.8 MWh DESS
62.0 MW Grid-Scale Wind 134.0 MW Grid-Scale Wind

6.7 MW Grid-Scale PV

97.9 MW DGPV
5.6 MW FIT
72.0 MW Grid-Scale Wind

6.7 MW Grid-Scale PV
0.5 MW Hydro
10.8 MWh of Storage
284.2 MW of RE

0.5 MW Hydro

176.0 MW of RE

10.8 MWh of Storage
108.1 MW of RE

Figure 6-5. Maui Renewable Energy Resource Summary
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Moloka‘i Resource Plan (2017-2021)

Moloka‘i’s near—-term resource plan incorporates high DG-PV and required renewable
resources to achieve 100% renewable energy in 2020. As discussed in Chapter 4, multiple
plans were evaluated, including plans optimized using the PLEXOS optimization tool.
Although the analysis achieved 100% renewable energy in 2020 through the use of
biofuels to replace the diesel fuel consumed when the renewable energy is unavailable,
we will continue to investigate other options, taking advantage of new and evolving
technologies, and declining prices for renewable resources.

Moloka‘i will serve as a blueprint to increase the cost-effective use of renewables for the
remainder of the state and help us obtain real-world experience in running an island grid

with 100% renewable energy.

System security requirements include an FFR1 resource of 2.75 MW in 2019 to stabilize
system frequency for a Pala‘au 9 diesel generator trip at 2.2 MW and a new 2.75 MVA
synchronous condenser in 2019 to provide reactive power/voltage support and fault

current.

Table 6-3 outlines the resource plan for Moloka“i.

Year Moloka'i Resource Plan

2017 0.37 MW DG-PV
2018 0.65 MW DG-PV
2019 0.09 MW DG-PV
2.75 MW FFR1
2.75 MVA Synchronous Condenser
2020 0.17 MW DG-PV
5 MW Grid-Scale Wind
2021 0.12 MW DG-PV

Table 6-3. Moloka'i Near-Term Resource Plan
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6-16

The Moloka‘i near term resource plan will add 6.4 MW of distributed and grid-scale
renewable energy capacity to the system, increasing the total renewable energy capacity
to 8.5 MW. The percent RPS and percent renewable energy will increase to 142% and
100%, respectively.

2016 (Existing) 2017-2021 (New) 2021 (Total)

3.5 MW DGPV
0.3 MWh DESS
5 MW Grid-Scale Wind

2.1 MW DGPV 1.4 MW DGPV
0.3 MWh DESS

5 MW Grid-Scale Wind

0.3 MWh of Storage
8.5 MW of RE

0.3 MWh of Storage

2.1 MW of RE 6.4 MW of RE

Figure 6-8. Moloka‘i Renewable Energy Resource Summary
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Figure 6-10. Total Renewable Energy Percent for Moloka'‘i Action Plan

Lana‘i Resource Plan (2017-2021)

Lana‘i’s near—term resource plan incorporates high DG-PV and required renewable
resources to achieve 100% renewable energy in 2030. As discussed in Chapter 4, multiple
plans were evaluated, including plans optimized using the PLEXOS optimization tool.
Although the analysis achieved 100% renewable energy in 2030 through the use of
biofuels to replace the diesel fuel that is consumed when the renewable energy is
unavailable, we will continue to investigate other options, take advantage of new and

evolving technologies, and declining prices for resources.

System security requirements include an FFR1 resource of 1.25 MW 2019 to stabilize
system frequency for a Miki Basin 7 diesel generator trip at 1.24 MW and a new 2.75
MVA synchronous condenser in 2019 to provide reactive power/voltage support and

fault current.
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Table 6-4 outlines the resource plan for Lana‘i.

Year Lana‘i Resource Plan

2017 0.43 MW DG-PV
2018 0.13 MW DG-PV
2019 0.04 MW DG-PV
1.25 MW FFR1
2.75 MVA Synchronous Condenser
2020 0.09 MW DG-PV
4 MW Grid-Scale Wind
2021 0.02 MW DG-PV

Table 6-4. Lana‘i Near-Term Resource Plan

The Lana‘i near term resource plan will add a total of 4.7 MW of distributed and
grid-scale renewable energy capacity to the system, increasing the total renewable energy
capacity to 6.7 MW. The percent RPS and percent renewable energy will increase to 59%
and 52%, respectively.

2016 (Existing) 2017-2021 (New) 2021 (Total)

1.5 MW DGPV

0.1 MWh DESS
4 MW Grid-Scale Wind
1.2 MW Grid-Scale PV

0.8 MW DGPV 0.7 MW DGPV
0.1 MWh DESS

4 MW Grid-Scale Wind

1.2 MW Grid-Scale PV

0.1 MWh of Storage
6.7 MW of RE

0.1 MWh of Storage
4.7 MW of RE

2.0 MW of RE

Figure 6-11. Lana‘i Renewable Energy Resource Summary

W W Hawaiian Electric
6-18 Hawaiian Electric Companies O—90—@ wauiElectric
p M A& Hawai‘i Electric Light



6. Planning and Analysis Considerations
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Hawai‘i Resource Plan (2017-2021)

Hawai‘i’s near term resource plan utilizes all of the resources from E3 Plan. The E3 Plan
resulted in a lower overall total cost and lower customer rates. Although the analysis
limited the 2020 interconnection of wind to 20 MW, it may be possible to interconnect as
much as 70 MW at the Waimea substation. Procurement efforts in the near term action
plan should seek up to 70 MW to determine if projects are able to interconnect at

Waimea.

System security requirements include an FFR1 resource of 9 MW in 2019 to stabilize
system frequency for a HEP Trip in STCC mode at 28.7 MW and a new 25 MVA
synchronous condenser to provide reactive power/voltage support and fault current in
2020. Additional resources may be required to mitigate system impacts from normally
cleared faults pending further investigation.

Table 6-5 outlines the resource plan for Hawai‘i Island.

Year Hawai'i Island Resource Plan

2017 15.0 MW DG-PV
2018 3.6 MW DG-PV
2 MW Grid-Scale Wind (CBRE)
1 MW Grid-Scale PV (CBRE)
2019 41 MW DG-PV
2020 3.9 MW DG-PV
20 MW Grid-Scale Onshore Wind
12 MW Load Shifting Energy Storage
9 MW FFR1
25 MVA Synchronous Condenser
2021 3.8 MW DG-PV

Table 6-5. Hawai'‘i Island Near-Term Resource Plan

The Hawai‘i near term resource plan will add a total of 59.0 MW (and possibly higher) of
distributed and grid-scale renewable energy capacity to the system, increasing the total
renewable energy capacity to 235.3 MW. The percent RPS and percent renewable energy

will increase to 80% and 63%, respectively.

Hawaiian Electric
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2016 (Existing)

88.3 MW DGPV
2.4 MW FIT

31.0 MW Grid-Scale Wind

16.6 MW Hydro
38.0 MW Geothermal

6. Planning and Analysis Considerations

2017-2021 (New)

30.3 MW DGPV
5.7 MW FIT
8.1 MWh DESS
22.0 MW Grid-Scale Wind
1.0 MW Grid-Scale PV

48.0 MWh Load Shift BESS

Resource Plans (2017-2021)

2021 (Total)

118.6 MW DGPV
8.1 MW FIT
8.1 MWh DESS
53.0 MW Grid-Scale Wind
1.0 MW Grid-Scale PV
16.6 MW Hydro
38.0 MW Geothermal
48.0 MWh Load Shift BESS

56.1 MWh of Storage
59.0 MW of RE

56.1 MWh of Storage
235.3 MW of RE

176.3 MW of RE

Figure 6-14. Hawai'i Island Renewable Energy Resource Summary
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7. Near-Term Action Plans

This Near-Term Action Plan details a set of actions that must be taken to continue on the
path of reaching our 100% renewable energy goal. This Action Plan focuses on the
near-term 2017 to 2021 period and includes those activities that must be done within this

period to accomplish goals that are beyond that period.

We have created Company-Wide Action Plans and action plans for each island we serve.

COMPANY-WIDE ACTION PLANS

The Companies’ Resource Plans (2017-2021) incorporate High DG-PV, full
implementation of DR, and maximizing cost-effective grid-scale renewable energy
resources. LNG and Interisland Transmission are not included in the near-term resource
plans, but will continue to be evaluated as alternatives in the transition to 100%
renewable energy. Described below are the proposed Near-Term Action Plans
(2017-2021) that help achieve significant progress toward Hawai‘i’s 100 percent
renewable energy goal preserving our flexibility over the longer-term to address
changing circumstances, leverage new opportunities, and explore new emerging

technologies.
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Figure 7-1 depicts the Companies’ consolidated RPS % for the proposed near-term action

plans.
Consolidated RPS % for Action Plans
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Figure 7-1. Consolidate RPS % for Action Plans

Renewable Acquisition Action Plan

7-2

The Near-Term Resource Plans for each island identify various types and sizes of
renewable energy resources that should be added at various times in order to achieve
long-term objectives, including reaching 100% renewable energy by 2045.

We will seek to procure least-cost grid-scale resources.

The Hawaiian Electric Companies plan to procure these new renewable resources
through a competitive procurement process to ensure the best value for customers. There
may be exceptions as allowed in the Commission’s Competitive Bidding Framework that
will need to be evaluated and justified, especially when considering the expiring and
decreasing federal tax credits. The timeframes in our Near-Term Resource Plans are
aggressive, and to procure those amounts of energy will require the collaboration with
and support of regulatory, state, and county agencies.

The Companies will seek the most cost effective resources that meet the necessary
requirements for each island. These future RFPs will be designed to be technology
agnostic, that is, to allow different renewable technologies to compete to provide the best
value for all customers. This method will require the Companies to evaluate each
potential resource as it is added to the Companies’ portfolios.
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The Companies are researching new contracting methods that will provide necessary
dispatch flexibility for variable renewable resources and support the reliable operation of
the grid. This contracting method will be structured to provide measures needed to
encourage new projects while moving away from treating variable resources as must-
take energy sources with excess energy reductions done in reverse chronological order of
the source procurement date. New contract terms will be included as part of RFPs for
future resources and adopted when new power purchase agreements are negotiated.

In addition to these efforts, the Companies have engaged existing renewable energy
providers to actively explore opportunities for their facilities to increase contribution to
system reliability, increase utilization of renewable energy, and provide more benefits to
customers.

We will seek cost-effective, diverse Community-Based Renewable Energy (CBRE) as part of our
renewable portfolios.

A phased approach will help to implement the CBRE Program in a sustainable manner,
in-line with the market demand, while respecting the technical limitations of the electric
grid. The first phase (“Phase One”) is envisioned to last two years commencing upon
Commission approval. Findings from the Phase One will inform the planning process for
Phase Two. The planning process for Phase Two of CBRE will begin 18 months after
Commission approval of Phase One.

Below is a chart outlining by island, technology, and size of project, the capacity
allocation for Phase One CBRE (Tier 1 projects are less than or equal to 250 kWac, Tier 2
projects are 250kWac to less than or equal to IMWac, and Tier 3 projects are greater than

1IMWac):
Solar (MWAC) Wind (MWAC)
Tier 1 and 2 Tier 3 Tier 1 and 2 Tier 3

O‘ahu 5 10 0 10
Hawai'i Island 1 0 0 2
Maui 1 0 0 2
Moloka'i 0 0 0.5 0
Lana'i 0 0 0.5 0
Total 7 10 1 14
Phase 1 Total 32

Table 7-1. CBRE Island Technology
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Grid Modernization Action Plan

Consistent with Hawai‘i’s grid modernization statute (Hawai‘i Revised Statute §269-145.5),
the Companies will take actions, in support of the PSIP resource plans, that,

(1) maximize cost-effective interconnection of distributed energy resources and grid-
scale resources, (2) maintain and enhance grid operating reliability and safety,

(3) seek improved efficiencies in grid operations and interoperability, and (4) create
an integrated grid through advanced planning, forecasting and operations.

We will propose the activation of new advanced inverter functions as part of Docket
2014-0192.

On December 13, 2016, the Companies filed the first phase of our advanced inverter
testing work. The report, entitled, Hawaiian Electric Advanced Inverter Grid Support
Function Laboratory Validation and Analysis, prepared and published by the National
Renewable Energy Laboratory (NREL), contains performance testing of several models of
advanced inverters for seven of the highest priority grid support functions that are
required to support DER integration on Hawai‘i’s grids. Through this work, we will set
forth our Source Requirements Document to provide manufacturers detailed
requirements pertaining to our highest priority advanced inverter functions, which will
enable manufacturers to begin certifying their equipment to the approved Underwriter
Laboratory 1741 Supplement A test standard as required by Rule 14H by September
2017. Finally, we will seek approval to implement mandatory functions such as Volt-
Watt, which may allow safe interconnection of additional DER while grid modernization
upgrades continue over the near-term.

We plan to complete the next phase of our advanced inverter voltage function research in the
third quarter of 2017.

In response to the feedback from the members of Hawai‘i’s Smart Inverter Technical
Working Group, the Companies have proactively undertaken this new study with NREL
to analyze the operational strategies that best mitigate primary and secondary voltage
impacts of DER integration. We believe the results of this work will be informative to the
parties in Docket 2014-0192 as we find solutions to increase distribution circuit hosting
capacities.
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We expect to develop ways in which advanced inverter-based distributed resources can support
grid frequency by September 2017.

Through the Grid Modernization Lab Call, together with NREL, Sandia National
Laboratories, and inverter manufacturers, the Companies will investigate, develop, and
validate ways that distributed PV and storage can support grid frequency stability on the
fastest time scale, starting a few cycles after a contingency event. The expected outcomes
include, (1) grid frequency support capabilities for presently-available PV and storage
inverters based on simulations of the actual dynamics of O‘ahu’s transmission and
distribution system, (2) develop and validate new control methods that improve inverter
based frequency support capabilities and performance (that is, Frequency-Watt/droop),
(3) field validation of developed functions, and (4) models and modeling methods for
evaluating DER-based frequency support functions. Advanced inverters on PV systems
with the Frequency-Watt function activated would be able to autonomously reduce the
output of PV systems during excess energy conditions and help to balance the frequency
of the system.

We plan to propose communication, monitoring, and reporting requirements for DER by 20109.
Monitoring, configurability, visibility, and appropriate command and control of DER
assets, whether through direct or aggregated communication, are a key component in the
PSIP Resource Plans and Grid Modernization efforts. The Companies have taken the first
step by revising Rule No. 14, Paragraph H, on October 21, 2015 to include remote
connect/disconnect and configurability functionality for advanced inverters, in a signal
to the manufacturing industry of our intent to require that functionality in the near
future. Since that time, the Companies have engaged in several efforts to implement
these requirements.

1.! Submitted an application for approval of Smart Grid Foundation Project under
Docket No. 2016-0087 to enable real-time visibility and control of DER through
advanced metering infrastructure.

2.! Submitted an application for approval of a Demand Response Management System
(DRMS) under Docket 2015-0411 to increase the dispatchability of customer loads
and generation resources.

3.! Starting in 2017, we plan to pilot a plug-in collar device that is integrated with the
standard utility meter slot called ConnectDER that through cellular communications
(with capability to accommodate other communication protocols, including the
Company’s proposed Smart Grid Foundational Project network) can provide remote
monitoring, visibility, configurability and on/off control of PV systems. Pilot is
leveraging federal grant funding from US DOE and Energy Excelerator.
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4.

Plans to develop autonomous advanced inverter control for excess energy
conditions. Through the Grid Modernization Lab Call, we are studying if frequency-
watt functionality can be developed and configured to mitigate excess energy
conditions without the need for remote communication and control. We expect to
complete this study work in September 2017.

I Participation in the working group charged with revising IEEE Standard 1547,

Standard Interconnection and Interoperability of Distributed Energy Resources with
Associated Electric Power Systems Interface, which will include interoperability,
monitoring, cybersecurity, and communication protocol requirements for all DER.

I Continue collaboration with Siemens, Alstom, AWS Truepower, Referentia Systems,

DNV GL, Apparent Inc., Stem, Gridco, Western Balancing Authority, and Utilities
Advisory Team under the US DOE grant-supported System to Edge-of-Network
Architecture and Management (SEAMS) for SHINES (Sustainable and Holistic
Integration of Energy Storage and Solar PV) project. Deployment of standardized
communication and control infrastructure can provide system-level benefits of
enhanced utility visibility and control of distributed systems and edge-of-network
electrical resources thus providing grid-informed support services and monitoring.

I Maui Electric and Hawaiian Electric will also continue its collaboration with Hitachi,

Maui Economic Development Board (MEDB), County of Maui, HNEI, DBEDT, and
the New Energy and Industrial Technology Development Organization (NEDO) on
the Hitachi JUMPSmart Pilot Project on Maui. In Phase 2, DMS-based aggregation
and control of the distributed resources are being evaluated to assess this
functionality to manage high renewable energy penetration and to demonstrate a
“virtual power plant” concept. The project leverages over $50 million from NEDO
and supported by numerous international and local stakeholders. A key component
of the project is the aggregation and control of distributed resources, including
electric vehicles. About 12 months of data collection has occurred under Phase 1 with
Phase 2 pilot testing scheduled to occur until February 2017.

Hawaiian Electric
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We will evaluate volt-var optimization schemes as a way to increase circuit-level hosting
capacities.

The Companies will continue to evaluate traditional and non-traditional solutions to
maintain proper operating voltages, conducive to integrating higher levels of DER.
Deployment of volt-var optimization schemes using emerging distributed technologies
represent an innovative way to solving voltage impacts caused by rooftop PV. The
following innovative technologies are being evaluated and implemented:

1.! Hawaiian Electric is currently conducting a pilot program using Varentec’s ENGO
(edge of network grid optimizer) and GEMS (grid edge management system) a
reactive power compensating system on two distribution feeders to test the
capability of this technology to improve voltage performance on both the primary
and secondary portions of circuits highly penetrated by older, legacy PV and inverter
systems. Initial results of the pilot are promising and show tightening of the voltage
range which will facilitate increased circuit hosting capacities. Final results are
expected by the end of the first quarter of 2017.

2.! We continue piloting Gridco’s In-line Power Regulator (IPR) units on select high PV
penetrated circuits. Installed on the secondary side of the distribution feeder, the
Gridco IPRs provide real-time voltage monitoring and control. The power
electronics-based IPR provides the utility with active voltage regulation on
secondary feeders downstream of the device to maintain stable voltage levels, and is
being investigated as a limited solution to mitigate both high and low voltage
problems on selected high PV penetrated feeders. To date, five IPRs been installed
and more installations are planned on Maui, O‘ahu, and Hawai‘i Island in
2016-2017.

3. We will evaluate advanced inverter volt-var capability as part of the next phase of
our advanced inverter voltage function research with NREL, with expected
completion by the third quarter of 2017.

We will continue execution of distribution system improvements to raise hosting capacities to
accommodate near-term DER forecasts.

Appendix N: Integrating DG-PV on Our Circuits has identified a mix of solutions to
resolve near-term PV impacts — high and low voltage, conductor and equipment capacity
overloads, and operational flexibility. The Companies continue to execute various
solutions to solve these problems; for example, we have completed over 64 load tap
changer upgrades, voltage regulator installations, LTC setting optimizations, and
numerous secondary conductor and transformer upgrades. We have scheduled
conductor upgrades, 4 kV conversions, and voltage regulator installations to increase
hosting capacities on circuits with continued high customer demand for PV
interconnection.
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Pending the outcome of Docket 2014-0192, Phase Il discussions of Appendix N, the
Companies’ hosting capacity work, and its policy implications, the Companies are
prepared to make grid investments on a proactive basis to increase capacities to
accommodate near-term DER programs (future grid-export, CBRE, and remaining CGS
for example).

The Company is in discussions with Google and Mapdwell to quantify the technical
potential of rooftop PV using advanced satellite imagery and 3D modeling for the islands
of O‘ahu, Maui, and Hawai‘i. This information will allow us to develop long-range plans
for a possible future where every rooftop is equipped with DG-PV.

We plan to procure fast frequency response contingency resources for all island systems by the
end of 2019.

In addition to acquired Demand Response Programs, which will also provide Fast
Frequency Response (FFR) resources, the Companies plan to procure supplemental fast
frequency response contingency reserve storage systems to mitigate the largest loss of
generation as expected in the 2019 resource mix of the system. This resource is slated for
installation in 2019 or sooner because the grids are currently operating with reduced
reliability.

Mitigation for primary and secondary faults, and for additional probable system events
and system configurations beyond those studied, could increase these requirements.

Each application submitted for approval to commit funds towards procurement will
include the finally optimal sized FFR contingency resource. The following lists the
expected Fast Frequency Response contingency resource capacities:

11 O‘ahu: 70 MW to supplement the expected FFR 2 DR resources, expected operation in
2019.

11 Maui: 8 MW expected operation in 2019.
11 Moloka‘i: 2.75 MW expected operation in 2019.
11 Lana‘i: 1.25 MW expected operation in 2019.

11 Hawai‘i Island: 9 MW expected operation by 2020 or sooner.
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We plan to procure synchronous condensers for all island systems by the end of 2018.

All islands will require synchronous condensers to provide reactive power for voltage
support and short circuit capacity for proper protective relay scheme operation. Over the
next two years (2017-2018) the Companies intend to submit applications for approval to
commit funds towards the procurement of synchronous condensers with the following
capacities:

11 O‘ahu: 128.5 MVA required operation in 2021 — conversion of Honolulu 8 and 9
generators.

11 Maui: 30 MVA required operation in 2021.
11 Moloka‘i and Lana‘i: 2.75 MVA required operation in 2019.

11 Hawai‘i Island: 25 MVA required operation in 2020.

We will evaluate expanding on-island transmission infrastructure to increase capacity for
interconnection of grid-scale resources.

New transmission lines are site specific and dependent upon the specific location and
size of a future grid-scale resource. In the near term, the Companies will take the initial
steps to facilitate the build out of new transmission to interconnect future grid scale
renewable resources beyond the five-year action plan period on all islands. We expect
that during the action plan period the O‘ahu sub-transmission system will reach its
capacity for interconnecting grid-scale resources based on the sites NREL has identified
in its renewable potential analysis. As part of this evaluation, we will weigh this decision
against alternatives such as co-location of energy storage and interisland transmission.
Other uncertainties such as the practicality of maximizing the NREL stated resource
potentials, and the future system load and its shape will affect this decision.
Transmission expansion is expected to take between 10-15 years to complete, given the
many permitting, routing, and community issues associated with such infrastructure
projects. Since development of transmission, lines require substantial lead-time, initiation
of transmission work may likely need to precede the development of renewable
resources, similar to what was done in Texas and California.

We will continue to evaluate interisland transmission to enable long-term resource integration.
E3’s copperplate analysis determined that an interisland cable has the potential to
provide sufficiently large benefits related to procurement and energy capacity savings
and that more detailed analysis is justified. E3 estimated that the benefits a large cable
system interconnecting each island could have benefits as large as $ 3 billion not
including the cost of the cable. However, given the extreme uncertainty around the cable
permitting, feasibility and timing, the Near-Term Action Plan incorporates a risk
mitigating strategy to procure resources without a presumption that an interisland cable
will be in place. This is also a prudent step given our RPS requirement to achieve 30%
RPS in 2020 and 40% in 2030. Given the potential value of interisland transmission, the

——O gty PSIP Update Report: December 2016 7-9

Hawai‘i Electric Light



7. Near-Term Action Plans
Company-Wide Action Plans

7-10

Companies plan to advance our analysis into a Phase 2 study of the interisland cable that
would break down the copper plate case into scenarios that would include (1) specific
transmission project costs as well as design requirements and operating limitations, and
(2) assumptions about the feasibility, timing, and cost constraints of significantly
expanded renewable resources on Maui and Hawai‘i.

We will continue research, development, and demonstration activities valued at over $30M to
find innovative technologies beneficial for Hawai'i's grids.

From 2009-2016, the Companies undertook renewable transformation project initiatives
valued at over $30 million of total project funding, including the leveraging of over

$20 million of external grant and partnership funding to execute innovative projects
supporting renewable integration. The Companies view collaboration with technology
entities and stakeholders as a critical part of technology innovation.

We are engaged in numerous RD&D and pilot projects, including technology testing, to
address numerous technical needs, operational applications, and customer engagement
options that will help facilitate the increasing integration of renewable energy. These
RD&D and pilot projects include those in the area of Grid Management (voltage and
frequency), Visualization and Operation Tool Development, Distributed Energy
Resources (DER) functionality, and control, Customer Solutions and Options, Demand
Response, and Electrification of Transportation. The Hawaiian Electric Companies will
continue its RD&D efforts to find innovative ways to integrate more renewable energy.

Pending Commission approval, we plan to execute our Smart Grid Foundation Project to benefit
DER integration.

On March 31, 2016, the Companies filed an application for approval of the Smart Grid
Foundation Project. We expect to realize the following DER-related benefits from the
implementation of the Smart Grid Foundation Project:

11 Provide customers access to energy use and information.
11 Enables time-of-use and real-time pricing programs.

11 Provides system operators and planners needed visibility to grid operations and
power quality at DER point of interconnection.

11 Enables two-way communication and control of smart home appliances and devices.

11 Facilitate integration and management of DR and DER and their associated grid
services otherwise provided by the utility.

11 Improved grid operations and flexibility through aggregation services, load and
curtailment forecasting.
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Pending a favorable Commission decision, the Companies plan to implement the
following from 2017-2021.

1.! Advanced Metering Infrastructure (AMI) across all islands that the Companies serve,
which includes a multi-purpose communication network to support automated
meter reading, remote control of service endpoints, and communications to DER
devices.

2.! Meter Data Management System to automate billing by 15-minute intervals.

3.! Conservation Voltage Reduction which controls voltage from substations to service
endpoints for enhanced power quality and conservation.

4.! Customer Facing Solution that provides customers with a seamless integrated mobile
and web energy portal.

5.! Direct Load Control to replace existing one-way load control switches on O‘ahu with
switches that have two-way communication and control.

6.! Outage Management System expansion that improves reliability and customer
outage information.

7.! Enterprise Service Bus for efficient data interchange.
8.! Enterprise Data Warehouse to promote data collection, sharing and analytics.

9.l As part of the smart grid project application, the Companies have filed an update to
the Smart Grid Roadmap describing additional activities planned for the Smart Grid
expansion.

Pending Commission approval, we plan to implement a Demand Response Management
System (DRMS).

The DRMS Application was filed with the Commission on December 30, 2015 in Docket
No. 2015-0411. Executed contracts with the selected vendor, Omnetric, were filed with
the Commission on September 2, 2016. Following the procedural schedule agreed by the
parties and approved by the Commission, the Companies filed a Reply Statement of
Position on December 21, 2016.

While awaiting Commission approval of the Companies’ DRMS project, the Companies
will continue to develop integration requirements for the DRMS. We will also work with
projects, such as System to Edge-of-Network Architecture and Management (SEAMS) for
Sustainable and Holistic Integration of Energy Storage and Solar PV (SHINES), to
develop state-of-the-art edge-of-network control capability that could potentially be
incorporated directly into the DRMS if approved by the Commission. Hawaiian Electric
is targeting initiation of the DRMS project in early 2017.
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The DRMS will enable the Companies to manage DR resources and other distributed
energy resources through a single integrated system, facilitating the flow of information
between the Companies’ operational systems and residential, commercial, and industrial
customer resources, thereby allowing the Companies to manage and control the dispatch
of DR resources to be included in the DR Portfolio. At its core, the DRMS will offer
system operators a single view of measureable, actionable, and verifiable, DR resources
for system-wide dispatch, while allowing the Companies’ DR program managers to
perform a range of functions from program design to tracking, settlement, and
measurement and verification (M&V).

We plan to implement the first phase of our online DER application web portal in April 2017
to improve the interconnection process for customers.

The Companies are currently in the process of implementing Qado Energy’s GridUnity
platform for customers, which will have the following capabilities:

11 Contractor and customer user accounts
11 Ability to submit and view application status online

11 Improved work flow management—automated communication issued via email,
automated tracking of compliance timelines, automated workflow handoffs, limited
automation and data integration with Initial Technical Review

11 Consistent application process across the Hawaiian Electric Companies

11 Consolidated input of DER projects to serve as input to modeling efforts

Forthcoming implementation phases will include accommodations for future DER
programs.

We will evaluate additional foundational technologies that support the DER integration.

In addition to the smart grid foundation project, the DRMS, and the online customer
portal, the Companies are in the process of evaluating an advanced distribution
management system (ADMS) and substation and distribution automation (DA)
technologies. Together these foundational technologies will improve grid efficiencies,
outage planning and operations, increase operator situational awareness, and improve
reliability for customers as well as DER resources. These technologies will be enabled
through a modern communications network that combines local wireless field networks
with fiber optics equipped with the bandwidth to support the transmission of system
SCADA data, intelligent field device control, DER command and control, AMI real-time
data, and smart home device control.
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Distributed Energy Resources (DER) Policies Action Plan

We will seek innovative DER programs that benefit all customers.

The Companies fully support and promote next generation equitable DER programs that
can provide grid benefits that can be realized by all of Hawai‘i. In Phase Il of Docket
2014-0192, the Companies will continue to collaborate with customer and industry
stakeholders, including solar contractors, inverter manufacturers, and external
organizations such as NREL to develop innovative technical solutions and program
policies that enable a High DER environment through fair and safe interconnection to the
grid, while providing the same reliability that all customers have come to expect.

We will seek DR programs that fairly compensate customers and service providers for grid
services.

The Near-Term Resource Plans for each island include DR consistent with full and timely
implementation of the DR Programs. For example, DR resources will play a key role in
the system security on O‘ahu by providing fast frequency response capabilities.

The Companies filed their DR Program Portfolio Application with the Commission on
December 30, 2015 in Docket No. 2015-0412. The two major requests in the application
are for approval of the proposed tariff structure and the cost recovery methodology.
Under the current procedural schedule in Docket No. 2015-0412, a revised DR portfolio
will be filed on February 10, 2017 after filing of this PSIP Update. The revised DR
portfolio will present the cost effective DR programs that will be pursued specific to each
of the island based on the updated analyses. The Companies are targeting initiation of
the DR programs in 2017, subject to Commission approval and its timing of a decision.
The Companies will also investigate whether location-specific DR programs can be
developed to mitigate circuit level issues to integrate DER resources.

One of the envisioned DR Programs, Real-Time Pricing, requires smart meter and other
grid improvements.

We will continue our time—of-use (TOU) pilot to inform future efficient rate structures.

As directed by the Commission in Order No. 33976 and Clarifying Order No. 33923 in the
Distributed Energy Resources Docket No. 2014-0192, Interim Time-of-Use tariffs are now
available for residential customers. The Companies will use the learnings from the
interim Time-of-Use tariffs to identify broader Time-of-use rates to reduce peak demand
and shift energy use to times of the day when more renewable generation is available.
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We will continue to evaluate and pursue distributed energy storage systems (DESS) to benefit
DER integration.

As the Companies increase the amount of renewable energy production, energy storage
will play a role in distributing that energy throughout the day to coincide with demand,
and to provide grid services such as fast-frequency response or contingency reserves. The
Companies are exploring energy storage as a value-adding customer option and have
prepared the following guiding principles to assist in enacting policies that benefit all
customers:

1.! Energy storage policies should promote or enable renewable energy production to
help Hawai‘i achieve the state’s goal of 100% RPS by 2045.

2.! Energy storage policies should provide overall cost effective grid benefits to all
customers, including those who do not choose to install batteries on their property.

Should the state choose to enact policy to promote energy storage through
investment tax credits (ITC) or rebates to customers who install energy storage, these
customers should remain connected to the electric system for the life of the storage
system to support the societal benefit for which these ITCs or rebates are intended
(that is, integrating more cost-effective renewable energy that contributes to the
state’s renewable energy goals).

The Companies have a number of projects that are evaluating various energy storage
technologies and applications that could potentially provide grid services. These projects
include, but are not limited to, partnerships with the University of Hawai‘i’s Hawai‘i
Natural Energy Institute (HNEI) and Energy Excelerator, and innovative companies such
as Stem,® Shifted Energy,* E-Gear, and Amber Kinetics.*® The Companies have
developed demonstration projects® to identify and mitigate potential technology,
operational, and market risks associated with the delivery of grid services by energy
storage. Our findings from these demonstration projects will inform and refine the
implementation of additional distributed energy programs that leverage distributed
energy storage resources.

% Stem is an energy storage provider that has deployed a pilot project aimed at demonstrating how distributed storage
can help the utility affordably integrate more renewable energy onto the system.

% Hawaiian Electric is working with a company called Shifted Energy to deploy 499 grid interactive water heaters at the
Kapolei Lofts development project (housing in Kapolei developed by Forest City) for the demand response program.
See http://www.greentechmedia.com/articles/read/hawaii-to-test-smart-water-heaters-as-grid-resources.

% Amber Kinetics is developing long-duration flywheel technology which will be tested by Hawaiian Electric in 2017.
% See RFP Addendum No 1, Filed under Docket No. 2015-0412 on September 13, 2016.
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Environmental Compliance Action Plan

We will comply with greenhouse gas (GHG) reduction commitments through the
implementation of our PSIPs.

To meet new Hawai‘i Department of Health (DOH) requirements that took effect in
mid-2014, the Hawaiian Electric Companies submitted a GHG Emissions Reduction Plan
(EmRP) to DOH on June 30, 2015. This EmRP commits the Hawaiian Electric Companies
to reducing aggregate GHG emissions from their eleven (11) affected facilities by 16%
from 2010 levels by January 1, 2020. That reduction will be accomplished by replacing
fossil-fueled power generation with more power from renewable sources. Importantly, it
will not require expensive emissions controls or fuel switches. Adherence to this PSIP
will be enough to assure that the GHG reduction targets are met.

As part of a negotiated amendment to the Power Purchase Agreement (PPA Amendment
No. 3) between AES Hawai‘i and Hawaiian Electric, Hawaiian Electric has agreed to
include the AES Hawai‘i coal-fired power plant as a partner in the Companies’ EmRP.
Similarly, with the planned acquisition of the Hamakua Energy Partners (HEP) facility by
Hawai‘i Electric Light, the GHG emissions from the HEP facility will also be addressed in
the Companies’ EmRP. Both the AES PPA amendment and the HEP acquisition are
subject to Commission approval, so the inclusion of these facilities in the Companies’
EmRPwill be done following Commission approval. Hawaiian Electric is working with
the DOH on the timing of the EmRP modifications to address these changes in the
partnership.

The EPA’s Clean Power Plan (CPP) rule was published on August 3, 2015 to govern
emissions of GHG from existing steam electrical generating units (EGUs). The CPP did
not establish GHG emissions limits for Hawai‘i, but left that to be worked out later
because the state’s circumstances are so much different from the mainland. The U.S.
Supreme Court on February 6, 2016 stayed the CPP pending further action by EPA and
federal courts. The timing for establishing federal GHG emission reduction requirements
that could affect the Companies’ EGUs power plants is uncertain.

Hawaiian Electric
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We will continue to monitor and comply with New Source Review (NSR) and New
Source Performance Standards (NSPS)

NSR and NSPS are CAA programs that may have an impact on the future operation of
fossil based generation at Hawaiian Electric, Maui Electric, and Hawai‘i Electric Light.
These programs specifically target older, fossil fuel burning units because they generate
more air pollution. EPA and DOH require modern pollution control and monitoring
equipment to be added to an existing stationary unit if it undergoes certain changes in
operation or there is a major modification to the unit.

The NSR program requires existing facilities to improve emission control performance as
technology improves over time as older equipment needs to be modified and results in a
significant emissions increase. NSR requires the entity to go through a permitting process
with EPA and DOH to, among other things, identify the best available control technology
that will be used to reduce and monitor emissions. The NSPS program establishes limits
for how much of a regulated pollutant can be emitted from new or recently modified
units in certain source categories, such as boilers, combustion turbines, and stationary
compression ignition and reciprocating internal combustion engines. The NSPS emission
limits apply to existing units where there is a physical change or change in the method of
operation that increases the amount of an air pollutant currently emitted or that adds
emissions from a new air pollutant.

Some of the major projects required to continue to run older units at Hawaiian Electric,
Maui Electric and Hawai‘i Electric Light could require add-on pollution control to ensure
the units emit fewer emissions as they age. The costs associated with emissions control
programs will be considered, as units require major modifications to continue to operate
in the future.
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O‘AHU ACTION PLAN

Renewable Acquisition

Replacement of Waiver Projects

Hawaiian Electric is in discussions with NRG, the new owners of the former SunEdison
projects (which transfer resulted from SunEdison’s bankruptcy proceedings), to
determine the status of these projects and whether they may continue to be viable

options for Hawai‘i.

New Grid-Scale Resources

With Commission approval, Hawaiian Electric will be pursuing a transparent and
competitive effort to procure cost-effective renewable resources as identified in the Near-
Term Resource Plan. Hawaiian Electric is considering various options for a competitive
procurement process in compliance with the Commission’s Framework for Competitive
Bidding. From time to time, Hawaiian Electric may receive unsolicited proposals for
renewable energy projects outside of a competitive procurement cycle that provide clear
benefits to customers. In such cases, Hawaiian Electric will review the merits of these
proposals in accordance with established rules and practices.

Offshore Wind

Hawaiian Electric is aware of three unsolicited offshore wind energy lease requests from
two developers received by the US Department of the Interior’s Bureau of Ocean Energy
Management (BOEM). The proposed projects are approximately 400 MW each in size and
include plans for floating offshore wind turbines with undersea cables to various points
on O‘ahu. Hawaiian Electric has been working collaboratively with BOEM by providing
planning information to assist with BOEM’s lease process and will continue to monitor
the BOEM'’s process for these projects and any other offshore wind project development
activities that occur, as Hawaiian Electric will openly consider all energy technologies in
order to meet Hawai‘i’s RPS requirements.

System-Level Improvements

Regulating/Ramping Battery Energy Supply System in 2020

Hawaiian Electric has identified a need for installing and operating a 100 MW, 1-hr
regulation/ramping battery energy storage system in 2020 to provide needed ramping to
augment DR program capabilities and avoid the need for must-run generation to provide
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ramping through conventional means. In order to keep costs as low as possible, the
Company is looking at the possibility of dual-purposing a single energy storage project
to provide this regulation/ramping function as well as the separate function of providing
fast frequency response for contingency reserve mentioned earlier in this chapter.

Replacement Capacity in 2022-2023

Hawaiian Electric plans to propose installing and operating a reciprocating engine
station at Marine Corps Base Hawai‘i. As the concepts involved with this project will be
very similar to the Schofield Generating Station, the Company envisions requesting
approval from the Commission via a competitive bidding waiver request and General
Order No. 7 application.

The Company will also seek the installation of 100MW of firm, dispatchable, flexible
generation, likely through an RFP process that comports with the Competitive Bidding
Framework. However, a competitive bid waiver request may be requested to attain this
resource if it serves specific government needs. For example, a Waiau Power Barge that
would normally serve the O‘ahu grid, but that also is intended to provide civil defense
emergency services to neighbor islands or energy security to the Navy following natural
disasters events such as tsunamis or hurricanes.

The Company is also investigating various ways to reduce the near term rate and bill
impact to customers of these generators, including joint venture arrangements that
allows for alternative ownership models while still maintaining utility operational
control to meet the partnership requirements of the military.

Underfrequency Load Shed Scheme

Under frequency load shed (UFLS) schemes are designed to stabilize system frequency
for severe contingency events and ultimately prevent a system collapse for a cascading
contingency. The UFLS scheme is used as a last resort safety net. The schemes are
coordinated such that increasing capacities of load are shed in blocks depending on the
severity of the event. Typically, the initial blocks (for example, UFLS blocks 1-3) are shed
at the 12 kV distribution circuit level to target non-critical residential loads while Blocks 4
and 5 are at the sub-transmission level to shed a large capacity of load to prevent system
collapse. Distributed PV will reduce the UFLS capacities of Blocks 1-3 during the day
while demand response could reduce UFLS capacities of all blocks at any given hour.
Coordination of demand response programs with UFLS will be challenging because over
shedding can be more problematic than under shedding. In order to revise the current
UFLS scheme to accommodate the changes to the system due to DER resources, projects
to automate the distribution system to provide visibility and control of load, DER, and
DR resources will need to be implemented. The project development work to support
this will begin in 2017.

Hawaiian Electric
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On O‘ahu, we have already seen a deterioration of load during the day that affects the
current load shed scheme due to DG-PV on our circuits. The UFLS scheme was revised
in late 2016 by rearranging and adding circuits that are part of the UFLS scheme to
replace the approximately 10 MW of load lost during the day from Blocks 1 and 2.

Environmental Compliance

Mercury and Air Toxics Standards (MATYS)

Hawaiian Electric’s Waiau units 5 to 8 and Kahe units 1 to 6 will demonstrate compliance
with MATS by meeting emission limits for filterable particulate matter (fPM) and fuel
moisture content. Hawaiian Electric received a one-year extension of the MATS Rule
compliance date to April 16, 2016. Kahe and Waiau will each demonstrate compliance
using a site-wide emissions average of all units to calculate a 30-day rolling average
value that will be reported to the EPA. Results from periodic monitoring of stack
emissions from the steam units at Kahe and Waiau will be used as input into the facility-
wide emissions average calculation.

Hawaiian Electric has determined through extensive emissions testing that careful
control of boiler operation and fuel specifications are sufficient to achieve compliance
with the MATS 0.03 pound per MMBtu fPM emission standard when using 100% LSFO
fuel in all units. Hawaiian Electric’s fuel supplier has also certified that the fuel will

satisfy the moisture limit.

Waiau units 3 and 4 have annual capacity factors of less than 8% and will be classified in
the limited-use subcategory. These units will not be subject to MATS emissions
standards, but must comply with work practice standards. Honolulu units 8 and 9 are
currently deactivated. MATS requirements will not apply to them until they are

reactivated.

The boilers operated by Maui Electric and Hawai‘i Electric Light are not subject to MATS
because they generate less than 25 MW.

National Ambient Air Quality Standards (NAAQS)

The 1-hour SO, NAAQS may require reductions in SO, emissions at Kahe and Waiau by
the use of lower sulfur fuels. Implementation of the 2010 1-hour SO, NAAQS requires
that air agencies identify sources around which further characterization of the air quality
is required to determine through either modeling or monitoring if the area around these
source are below the standard. Hawaiian Electric has installed air quality monitoring
stations for Kahe and Waiau, which will be integrated into the Hawai‘i Department of
Health’s state and local air quality monitoring network to monitor ambient SO,
concentrations in the area of Kahe and Waiau for at least three years beginning no later
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than January 1, 2017 through December 31, 2019. Following the collection of ambient SO,
monitoring data, the EPA, by December 31, 2020, will issue its final attainment or
nonattainment designation for Kahe and Waiau. If reductions in SO, emissions at Kahe
and Waiau are required, the Companies currently believe the worst-case scenario would
be blending 40% LSFO with 60% ultra—low sulfur diesel no later than December 31, 2024
to achieve the December 31, 2025 attainment deadline.

Clean Water Act / National Pollution Discharge Elimination System (NPDES)

2016-2018: Renew Hawaiian Electric NPDES Permits
The NPDES permits for Honolulu, Waiau and Kahe all expire in 2017. Permit renewal
applications must be submitted to the DOH at least six months prior to the expiration

dates. The permit expiration dates and renewal application due dates are shown in the
Table 7 2.

Facility Permit Expiration Date Application Due Date
Honolulu Plant May 31, 2017 November 30, 2016
Waiau Plant June 28, 2017 December 28, 2016
Kahe Plant October 24, 2017 April 24, 2017

Table 7 2. Hawaiian Electric NPDES Permit Dates

Although the Honolulu Power Plant is currently deactivated, its NPDES is being
renewed to allow the plant to be reactivated if necessary in the future.

Negotiate 8316(b) compliance with DOH during renewal process (Hawaiian Electric only).

The NPDES permit renewal applications will include cooling water intake fish protection
reports for each plant, as required by the Clean Water Act (CWA) Section 316(b). The fish
protection reports will be submitted with the permit renewal applications. We plan to
negotiate 316(b) best technology available (BTA) options with the DOH, and the outcome
of negotiations could include a requirement for affected facilities to install fish protection
technology on the cooling water intake systems within the next five years. The specific
requirements and compliance dates will be determined during permit negotiations with
the DOH.

Obtain new NPDES permits for Honolulu, Kahe, and Waiau
New permits will include 316(b) requirements and are also likely to include additional
water quality standards.
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2019-2022 | |
Possible installation of fish protection technology at Waiau and Kahe

If required, fish protection technology (for example, fish friendly traveling screens,
barrier nets, or closed cycle cooling) will be installed at Waiau and Kahe. The specific

compliance dates will be determined during permit negotiations with the DOH.
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MAUI ACTION PLAN

Renewable Acquisition

New Grid-Scale Resources

Maui Electric will be pursuing a transparent and competitive effort to procure cost-
effective renewable resources as identified in the Near-Term Resource Plan. Maui Electric
is considering various options for a competitive procurement process in compliance with
the Commission’s Framework for Competitive Bidding. From time to time, the
Companies may receive unsolicited proposals for renewable energy projects outside of a
competitive procurement cycle that provide clear benefits to customers. In such cases, the
Companies will review the merits of these proposals in accordance with established rules

and practices.

System-Level Improvements

7-22

Transmission and Distribution System Upgrades

The Central Maui Transmission Line Upgrade Project is being driven by the retirement of
the Kahului Power Plant.

The Central Maui Transmission Line Upgrade Project will consist of the following:
11 Ma‘alaea—Pu‘unene Substation reconductoring
11 Ma‘alaea to Wai‘inu Substation 69 kV reconductoring

11 Wai‘inu to Kanaha 23 kV to 69 kV upgrade

Non-transmission alternatives were considered as options to the transmission upgrades.
Options such as internal combustion distributed generation (DG), battery energy storage
system (BESS), demand response (DR), and synchronous condensers were evaluated as
options to address the transmission line need.

Additionally, transmission line upgrades in South Maui are required to accommodate the
projected growth in the South Maui area as well as to maintain the required voltage
should something interfere with the transmission of energy from the Ma‘alaea Power
Plant. A portfolio of non-transmission alternatives was considered as an option to offset
the need for this transmission line work. Being responsive to community feedback
opposing the transmission line upgrades, Maui Electric plans to solicit proposals for
generation in the South Maui area in conjunction with a competitive procurement
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process to replace the generating capacity of KPP by 2022. A request to open such a
docket was filed with the Commission in May 2016.

Maui Electric will explore opportunities for aggregated DR to provide location-specific
benefits, particularly in the case of non-transmission alternatives. A cornerstone of the
DR program portfolio is the effective aggregation of DR resources. All of the proposed
DR services utilize various DER technologies to achieve this aggregation philosophy.
Furthermore, the DERMS that will be pursued to deliver the DR services through the
intelligent management and optimization of groups of DERs has been specified to allow
for the attribution, selection and dispatch of these resources across various zones. These
zones map to the physical topography of the various islands’ systems and span from the
system level at the highest level down to the individual circuit at the lowest level. As
such, the current architecture and system design of the DR portfolio implementation
allows for targeted deployment of DERs, which is suitable and appropriate as a tool for
helping to address distribution or transmission level constraints such as those being

considered by non-transmission alternatives in South Maui.

Fault Clearing Time Reduction

Reducing fault clearing times reduces the level of imbalance created by a transmission
line fault. Maui Electric will continue to work to reduce fault clearing times on the 69kV
transmission system. Maui Electric has already added dual differential protection to a
majority of the 69kV lines and replaced a majority of the 69kV breakers with 3 cycle SF6
breakers in an effort to reduce fault clearing times. The final two 69kV transmission lines
are due to have the protection upgraded in 2017 and the final 69kV circuit breakers will
be replaced in 2018. Maui Electric also has plans for upgrades to all of the 23kV line
protection, 69kV bus protection, and transformer protection over the next decade.

Underfrequency Load Shed Scheme

In 2016, Maui Electric started an UFLS study to verify the performance of the current
system under typical underfrequency events and to propose mitigation measures in the
event that the current system performance does not meet planning and operating criteria.
Due to the increasing amount of renewable generation being added to the Maui Electric
system, the dynamic performance of Maui’s current system under generation loss
contingencies has changed. These changes could potentially impact the reliability of the
Maui system. Based on the results of the study, changes to the Maui underfrequency load
shedding scheme may be required.
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Replacement Capacity in 2022

In May 2016, Maui Electric filed a request with the Commission for a docket to be
opened, facilitating the acquisition of replacement capacity for the planned retirement of
KPP in 2022. In addition to replacing the capacity that will be lost with KPP’s retirement
additional generation capacity is needed on the island of Maui to address anticipated
load growth, constrained South Maui transmission capability, and Hawaiian Commercial
& Sugar (HC&S) ceasing operations. As a temporary near term measure, Maui Electric
has begun the procurement of DG just under 5 MW in size to be located at the Kuihelani
Substation in central Maui. An application for approval for the DG units was submitted
to the Commission in September 2016. Additionally, Maui Electric filed an application
with the Commission to expand the existing Fast Demand Response (DR) Pilot Program
on Maui from 200 kW to 5.0 MW as a complementary potential near-term capacity

strategy.

Environmental Compliance

7-24

Clean Water Act / National Pollution Discharge Elimination System (NPDES)

Renew Maui Electric NPDES Permits

Maui Electric’s NPDES permits for Ma‘alaea and Kahului expire in December 2019 and
May 2020, respectively. Permit renewal applications must be submitted at least six
months prior to the expiration dates. The 316(b) requirements are not applicable to Maui
Electric’s facilities. The permit expiration dates and renewal application due dates are

shown in Table 7 3.

Facility Permit Expiration Date Application Due Date
Ma‘alaea December 15, 2019 June 14, 2019
Kahului May 13, 2020 November 13, 2019

Table 7 3. Maui Electric NPDES Permit Dates

Kahului Power Plant Retirement/NPDES Compliance Plan

The Kahului Power Plant (KPP) NPDES permit that was effective on June 1, 2015
contains a compliance schedule that includes cessation of operations at KPP no later than
November 2024. Maui Electric’s current plans include the scheduled retirement of the
KPP in 2022.
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MOLOKA'I ACTION PLAN

Renewable Acquisition

New Grid-Scale Resources

Maui Electric will be pursuing a transparent and competitive effort to procure cost-
effective renewable resources as identified in the Near-Term Resource Plan to achieve
100% Renewable Energy in 2020. Maui Electric is considering various options for a
competitive procurement process in compliance with the Commission’s Framework for
Competitive Bidding. From time to time, Maui Electric may receive unsolicited proposals
for renewable energy projects outside of a competitive procurement cycle that provide
clear benefits to customers. In such cases, Maui Electric will review the merits of these
proposals in accordance with established rules and practices.

Biofuel Procurement

To achieve 100% renewable energy in 2020, some biofuels will be required. We plan to

solicit proposals for the procurement of biofuels in 2018.

System-Level Improvements

100% Renewable Energy by 2020

Many parallel efforts to achieve 100% renewable energy for Moloka“i are focused on
collaborating with the community, seeking to make necessary investments in our
infrastructure, expanding the choices we provide our customers, and seeking alternate
sources of financial assistance to keep energy costs affordable. Ongoing research
includes: developing control algorithms for battery project, monitoring device/recorder
installations, monitoring TripSaver installations, and monitoring and regulating devices.

E-Gear Energy Management Control (EMC) and Storage Technology Pilot Project

In partnership with E-Gear LLC, the Hawaiian Electric Companies have launched a pilot
program designed to allow more customers to interconnect rooftop PV systems on
Moloka'‘i.

In this pilot project, E-Gear will install their specialized EMC and storage technology,
which will be paid for by the utility, alongside 10 rooftop PV systems that have been
waiting to be connected to the grid. Utility system operators can monitor and control this
equipment, which can potentially improve the interaction of rooftop PV systems with the
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grid. This equipment can also act as a virtual minimal impact system by absorbing grid
energy during the day and not contributing to the excess energy situation on Moloka“i.
This configuration will be tested for its ability to address the impact additional DGPV
systems have on the small island grid and enable Maui Electric to continue to provide
reliable service and power quality for all Moloka‘i customers. The Companies will
evaluate the performance of these systems and determine whether similar systems and in
what manner of deployment can be used to integrate more solar power in areas with

high concentrations of rooftop PV systems.

As of December 2016, 7 of the 10 systems locations have been identified and Maui
Electric is working with these customers on coordinating the construction of customer
PV systems with the utility’s E-Gear system.

E-Gear is evaluating their EMC-equipped PV systems—designed to minimize the grid
impact of rooftop PV systems on a small, highly saturated grid like Moloka‘i’'s—in
partnership with the EPRI.

Other Initiatives

7-26

Utility-Scale Energy Storage

An Altairnano/ Hawai‘i Natural Energy Institute (HNEI) 2MW/333KWh Lithium-lon
BESS was installed in 2016. This BESS is a research project with the Companies
partnering with HNEI to determine applications for batteries in high solar PV
penetration scenarios. Work continues on developing the algorithms needed to speed up

the response

Maui Electric submitted a High Energy Cost Grant application to the USDA, Rural
Utilities Service, in December 2015 to install a proposed utility-owned 100 kW
photovoltaic (PV) system with a 500 kW/2 MWh battery energy storage system. To avoid
contributing to the excess energy situation on Moloka‘i, the PV system will not export
energy to the grid directly. The PV energy would charge the batteries and only the
batteries would be connected to the grid and provide energy at peak times or as needed.
The awards have not yet been made for this grant as of this filing.
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LANA‘l ACTION PLAN

Renewable Acquisition

New Grid-Scale Resources

Maui Electric will be pursuing a transparent and competitive effort to procure cost-
effective renewable resources as identified in the Near-Term Resource Plan to achieve
100% Renewable Energy in 2030 or possible sooner. Maui Electric will consult with
Pulama Lana‘i and engage the community to better understand the priorities of the
community. Maui Electric is considering various options for a competitive procurement
process in compliance with the Commission’s Framework for Competitive Bidding. From
time to time, Maui Electric may receive unsolicited proposals for renewable energy
projects outside of a competitive procurement cycle that provide clear benefits to
customers. In such cases, Maui Electric will review the merits of these proposals in

accordance with established rules and practices.
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HAWAI‘l ISLAND ACTION PLAN

Renewable Acquisition

New Grid-Scale Resources

Hawai‘i Electric Light will be pursuing a transparent and competitive effort to procure
cost-effective renewable resources as identified in the Near-Term Resource Plan.
Although the current analysis assumes 20 MW of grid-scale wind in 2020, and greater
amounts may be possible pending further evaluation of system constraints and resource
availability. Analysis will be updated and adjustments made to resource plans through
the Companies continuous planning process. Hawai‘i Electric Light is considering
various options for a competitive procurement process in compliance with the
Commission’s Framework for Competitive Bidding. This will incorporate a new contract
model for variable resources, to provide necessary flexibility for energy dispatch and
provision of the operational and technical capabilities to support reliable, cost-effective

grid operation.

From time to time, Hawai‘i Electric Light may receive unsolicited proposals for
renewable energy projects outside of a competitive procurement cycle that provide clear
benefits to customers. In such cases, Hawai‘i Electric Light will review the merits of these
proposals in accordance with established rules and practices. In addition to these efforts,
we have engaged existing renewable energy providers to actively explore opportunities
for their facilities to increase contribution to system reliability, increase utilization of
renewable energy, and provide more benefits to customers. These discussions and any
resulting agreements follow requirements of contractual terms, established rules and

practices.

System-Level Improvements

7-28

Renewable Energy Restoration - Waiau Hydro Repowering and Rehabilitation

Hawai‘i Electric Light plans to rehabilitate Unit 1 and repower Unit 2 at its Waiau
Hydroelectric Power Plant, which is about 96 years old. Rehabilitation and repowering of
the aging equipment is expected to increase renewable energy production from the
facility. Hawai‘i Electric Light has submitted an application for approval from the
Commission to commit funds to this project.
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6800 Line Reconductor, Phases 2 through 4

This project pertains to the 69 kV transmission line that runs from Keamuku switching
station to Keahole switching station. This project is needed to replace 21 miles of aged
and deteriorated transmission poles, insulators and hardware along Mamalahoa
highway to improve the reliability of the aging infrastructure and the project was
approved by the Commission. Phase 2 and 3 were completed in 2016, phase 4 will be
completed in 2017.

Kilauea 3400, Phases 1 through 4

This project pertains to the 34 kV transmission line that runs from Puna Power Plant to
Kilauea switching station. This project is needed to replaced aged and deteriorated sub-
transmission poles, insulators and hardware along Hawai‘i Belt road to improve the
reliability of the aging infrastructure. The replacement work is targeted for the period
2016 to 2017. Phase 1 will be in 2017, phases 2 and 4 in 2018, and phase 3 in 2019.

New 9400 Transmission Line, Phases 1 and 2

This project pertains to a new 69 kV transmission line that will run from Waimea/Ouli
area to North Kohala. It will help facilitate the eventual rebuild of the 3300 line which is
presently a radial line. The new transmission line reconductoring work is targeted for the
period 2019 to 2020, but may be adjusted after discussions with the community. An
application seeking Commission approval to commit funds to this project is planned to
be will be submitted in 2017.

6200 Transmission Line Rebuild

This project pertains to the 69 kV transmission line that runs along the saddle road from
Kaumana Switching station to Keamuku Switching station. This project is needed to
improve reliability of critical cross-island transmission line, as well as to potentially
support additional East Hawai‘i generation. The reconductoring work was previously
targeted for 2018 but has been moved out to 2020-2021 due to the environmental and
regulatory studies required.

Underfrequency Load Shed Scheme

Hawai‘i Electric Light is implementing a Dynamic UFLS project that is in progress and
will begin testing in the first quarter of 2017. The scheme adaptively assigns circuits to
each stage of the underfrequency load-shed scheme to ensure adequate system protection
for loss of generation contingencies under varying net demand levels and levels of
distributed generation. The project includes an application on the EMS system, which
will calculate the required load shed for each stage based on net demand, and a
communication to circuit relaying to assign circuits to a particular under frequency stage.
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The project includes upgrades and installations of equipment at 41 substations. These
upgrades include installing Real Time Automation Controllers (RTAC), upgrading
Supervisory Control and Data Acquisition (SCADA) equipment and electromechanical
feeder relays at some locations, and SCADA master station upgrade. With the increasing
amounts of uncontrolled and unmonitored rooftop PV, the daily net loading of feeders
can change dramatically throughout the day and is no longer predictable. In order to
maintain the proper load in each stage of UFLS to meet the system protection targets, the
UFLS system must now monitor feeder loads in real-time and adjust the amount of load
in each stage of the UFLS according to the actual measured load on that feeder at that
time. The dynamic UFLS scheme will allow for automated allocation of feeders to UFLS
settings based on actual system load and feeder loads at the time. This allows the UFLS
scheme to adapt to changing system and feeder conditions dynamically and continue to
provide the necessary protection for the utility grid.

In addition to adding dynamic functionality to the UFLS scheme, frequency rate of
change relaying (df/dt) on feeder breakers will be used to speed up sensing time for the
first stage of load shedding. The df/dt functionality reduces the possibility of over
shedding thereby stabilizing frequency faster, which is necessary to accommodate
existing distributed resources connected with the original IEEE 1547 fast-trip
requirements during off-normal voltages and frequencies. Reducing over shedding: (a)
reduces the chances of “legacy PV” tripping (PV that trips at 59.3 Hz) reducing the
overall amount of load that must be shed for stability; and (b) reduces the chances of the
frequency rebounding to higher than 60.5 Hz which can cause a large amount of PV to
trip, causing the frequency to drop again, triggering additional load shedding and
effecting many more customers than necessary. In January 2015, the UFLS scheme on
Hawai‘i island was modified to have smaller size blocks in order to avoid overshedding
and result in overfrequency tripping of PV systems. An adaptive load-shed scheme is
being installed for HELCO and commissioning is planned for 1Q 2017.
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