
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































K. Analytical Steps and Results
Maui Analytical Steps and Results

Figure K-41. E3 Plan Monthly Available Renewable Energy vs Load on Maui in 2045

Sub-Hourly Charts of Maui Plans

Sub-hourly modeling was performed to analyze the impact that variable renewable
energy would have on our system, and whether our portfolio of generators and storage

systems would be sufficient to stabilize the electrical grid.

Historical minutely renewable energy data was used to determine the volatility of solar
and wind resources on Maui. The volatility of the KWP1 wind farm was applied to future
grid-scale wind resources, and the volatility of DG-PV was applied to future grid-scale

PV resources.

An initial screening was done to determine the month with the largest potential minutely
downward ramp. PLEXOS was then employed to perform a stochastic analysis on this
month. Using the historical minutely data, stochastic variables were created for all as-
available resources and the load. Shown below are the results from the sub-hourly

analysis of the E3 Plan when a 1-, 15-, and 30-minute look-ahead is assumed.

Figure K-42 shows the estimated unserved energy at a 1 minute look-head.

. . . Hawaiian Electric
K-30 Hawaiian Electric Companies O—9—@ wVauiElectric

Hawai‘i Electric Light



K. Analytical Steps and Results
Maui Analytical Steps and Results

Unserved Energy - Maui - May 2020
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Figure K-42. Sub-Hourly Unserved Energy for E3 Plan on Maui at |

As shown in Figure K-43, the unserved energy magnitude and number of occurrences

significantly decreases with 15 minute look-ahead.
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Figure K-43. Sub-Hourly Unserved Energy for E3 Plan on Maui at 15-Minute Look-Ahead

With a 30 minute look-ahead setting, there is virtually no unserved energy.
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Daily Energy Charts of Maui Plans

The charts in the previous sections displayed annual and monthly views of how
renewable energy is integrated into the plans and the impacts to the system energy
production. This section will convey a more granular view by providing the energy mix

for select days of some years of the plans that were modeled.

High Over-Generation Energy Profiles for E3 Plan
Figure K-44 provides a view of the day in the year 2020 that has the highest amount of

over-generation for the E3 Plan.

Energy Profile for 4/18/2020

® Existing Units @ New Units ® Geothermal m Hydro m Biomass ® Wind @ Energy Storage ® Demand Response 8 Grid-Scale PV 0DG-PV Curtailable 0 DG-PV Uncurtailable w Over-generation

Figure K-44. E3 Plan Maui High Over-Generation Energy Profile: 2020

The day in 2030 that has the highest amount of over-generation for the E3 Plan is shown
in Figure K-45. It can be seen that during the middle of the day, virtually all of the load is
being served by renewable energy. The energy storage is being charged during the day
during the periods of high over-generation and then discharged to serve load in the early

morning and evening hours. .
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Energy Profile for 4/20/2030
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Figure K-45. E3 Plan Maui High Over-Generation Energy Profile: 2030

Figure K-46 and Figure K-47 show similar daily profiles in 2040 and 2045 as shown

previously for 2030, but with more energy storage utilized.

Energy Profile for 4/22/2040

® Existing Units @ New Units @ Geothermal @ Hydro m Biomass @ Wind @ Energy Storage  Demand Response ® Grid-Scale PV [ DG-PV Curtailable 0 DG-PV Uncurtailable » Over-generation

Figure K-46. E3 Plan Maui High Over-Generation Energy Profile: 2040
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Energy Profile for 6/2/2045

® Existing Units ® New Units @ Geothermal m Hydro m Biomass @ Wind @ Energy Storage  Demand Response ® Grid-Scale PV 01DG-PV Cuntailable 0 DG-PV Uncurtailable m Over-generation

Figure K-47. E3 Plan Maui High Over-Generation Energy Profile: 2045

Low Renewable Energy Profiles for E3 Plan

Although Hawai‘i has abundant renewable resources, such as wind and solar, there are
days for which there is limited solar and/or limited or no wind available. Figure K-48,
Figure K-49, Figure K-50, and Figure K-51 illustrate how different the energy profile is on
days with low renewable energy available in the years 2020, 2030, 2040, and 2045,
respectively, for the E3 Plan. Even in later years, such as 2040 and 2045, where there are
significant amounts of renewable resources and energy storage included in the plan, on

these low renewable days, thermal generation is still necessary to serve the load.
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Energy Profile for 2/21/2020

m Existing Units ® New Units ® Geothermal m Hydro m Biomass m Wind m Energy Storage m Demand Response m Grid-Scale PV O DG-PV Curtailable 0 DG-PV Uncurtailable m Over-generation

Figure K-48. E3 Plan Maui Low Renewables Energy Profile: 2020

Energy Profile for 3/5/2030

m Existing Units ® New Units ® Geothermal m Hydro m Biomass m Wind m Energy Storage m Demand Response m Grid-Scale PV O DG-PV Curtailable 0 DG-PV Uncurtailable m Over-generation

Figure K-49. E3 Plan Maui Low Renewables Energy Profile: 2030
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Energy Profile for 3/6/2040

m Existing Units @ New Units 8 Geothermal m Hydro m Biomass @ Wind m Energy Storage  Demand Response M Grid-Scale PV D DG-PV Curtailable 0DG-PV Uncurtailable » Over-generation

Figure K-50. E3 Plan Maui Low Renewables Energy Profile: 2040

Energy Profile for 3/5/2045

m Existing Units @ New Units ® Geothermal m Hydro m Biomass @ Wind m Energy Storage  Demand Response M Grid-Scale PV D DG-PV Curtailable 0DG-PV Uncurtailable » Over-generation

Figure K-5I. E3 Plan Maui Low Renewables Energy Profile: 2045
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High Over-Generation Energy Profiles for Post-April PSIP Plan

Since the Post-April PSIP Plan has a different resource mix than the E3 plans, the daily
energy profiles for the same years (2020, 2030, 2040, and 2045) are provided below.

Energy Profile for 4/18/2020

1 2 3 4 s 6 7 8 9 10 un 2 3 u 15 16 w 18 19 0 2 2 B

2

® Existing Units @ New Units @ Geothermal @ Hydro m Biomass @ Wind @ Energy Storage  Demand Response ® Grid-Scale PV [1DG-PV Curtailable 0 DG-PV Uncurtailable » Over-generation

Figure K-52. Post-April PSIP Plan Maui High Over-Generation Energy Profile: 2020

Energy Profile for 4/20/2030

® Existing Units @ New Units @ Geothermal @ Hydro m Biomass @ Wind @ Energy Storage  Demand Response ® Grid-Scale PV [1DG-PV Curtalable 0 DG-PV Uncurtailable » Over-generation

Figure 4-53. Post-April PSIP Plan Maui High Over-Generation Energy Profile: 2030
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Energy Profile for 4/28/2040

® Existing Units @ New Units @ Geothermal @ Hydro m Biomass @ Wind @ Energy Storage  Demand Response ® Grid-Scale PV [ DG-PV Curtailable 0 DG-PV Uncurtailable » Over-generation

Figure K-54. Post-April PSIP Plan Maui High Over-Generation Energy Profile: 2040

Energy Profile for 4/22/2045
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Figure K-55. Post-April PSIP Plan Maui High Over-Generation Energy Profile: 2045
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Low Renewable Energy Profiles for Post-April PSIP Plan

The daily energy profiles for the same years (2020, 2030, 2040, and 2045) for the Post-
April PSIP Plan are provided below as a comparison to the E3 plans.

Energy Profile for 12/25/2020

m Existing Units ® New Units ® Geothermal m Hydro m Biomass m Wind m Energy Storage m Demand Response m Grid-Scale PV O DG-PV Curtailable 0 DG-PV Uncurtailable m Over-generation

Figure K-56. Post-April PSIP Plan Maui Low Renewables Energy Profile: 2020

Energy Profile for 3/5/2030

 Existing Units @ New Units B Geothermal @ Hydro m Biomass 8 Wind ® Energy Storage ® Demand Response M Grid-Scale PV ODG-PV Curtailable 0DG-PV Uncurtailable » Over-generation

Figure K-57. Post-April PSIP Plan Maui Low Renewables Energy Profile: 2030
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Energy Profile for 3/6/2040

m Existing Units @ New Units 8 Geothermal m Hydro m Biomass @ Wind m Energy Storage  Demand Response M Grid-Scale PV D DG-PV Curtailable 0DG-PV Uncurtailable » Over-generation

Figure K-58. Post-April PSIP Plan Maui Low Renewables Energy Profile: 2040

Energy Profile for 12/25/2045

m Existing Units @ New Units 8 Geothermal m Hydro m Biomass @ Wind m Energy Storage  Demand Response M Grid-Scale PV D DG-PV Curtailable 0DG-PV Uncurtailable » Over-generation

Figure K-59. Post-April PSIP Plan Maui Low Renewables Energy Profile: 2045

.. . . W W Hawaiian Electric
K-40 Hawaiian Electric Companies @—9—@ Vaui Electric
A Hawai‘i Electric Light



K. Analytical Steps and Results
Moloka'i Analytical Steps and Results

MOLOKA'l ANALYTICAL STEPS AND RESULTS

The core cases analyzed for Moloka‘i outline different paths to achieving 100% renewable
energy in 2020 and 2030.

Energy Mix of Moloka'i Plans

Figure K-60 summarizes the annual RPS for each year.

Renewable Portfolio Standards % of Molokai Plans
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Figure K-60. Renewable Portfolio Standards Percent of Moloka'i Plans

The calculation of the RPS per the law does result in values over 100%. Accelerated
targets of 100% renewable energy by 2020 and 100% renewable energy by 2030 are shown
in Figure K-61, which includes renewable energy as a percent of total energy including

customer-sited generation.

Vv Hawaiian Electric

9@ MauiElectric PSIP Update Report: December 2016 K-41

Hawai‘i Electric Light



K. Analytical Steps and Results
Moloka'i Analytical Steps and Results
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Figure K-61. Total Renewable Energy Percent of Moloka'i Plans

The resource mix for the plans changes over time as it reaches 100% renewable. The

figures below reveal how the energy mix in each plan grows to 100% renewable energy.

The annual energy served by resource type is shown in Figure K-62 for the 100%
Renewables by 2020 Plan. Although the addition of grid-scale wind in the year 2020
provides a significant amount of energy, there is still a significant amount of biofuel

utilized to achieve 100% renewable energy.
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Energy Mix for Moloka'i from 2017-2045

V.,V Hawaiian Electric

—_ A

40,000
35,000
30,000
25,000
o]
§ 20,000 o Total DG-PV
u Wind
15,000 m Biofuels
m0il
10,000
5,000
0
2288983888838 EREsY YT
©cC C C C 0 C o O O C C o O o © O cC © O C O o O O O O
[V < I o B o I o A o A o B o I o A o B o A o A o I o R o A o B o I O A & O o B & o A o B o A < U o S B S I
Year
Figure K-62. Energy Mix for 100% Renewables by 2020 Plan on Moloka'i
Figure K-63 shows the energy mix of the 100% Renewables by 2030 Plan.
Energy Mix for Moloka'i from 2017-2045
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Figure K-63. Energy Mix for 100% Renewables by 2030 Plan on Moloka'i
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Percent Over-Generation of Total System for Moloka'i Plans

As increasingly more renewable energy is added to the system, over-generation
occurrences will become inevitable. Figure K-64 provides estimates of the percent over-
generation of the total system annual energy for the 100% Renewable by 2020 and 100%
Renewable by 2030 plans. Both cases add 5 MW of grid-scale wind in 2020 at which time
over-generation significantly increases. Both plans have similar annual over-generation
since the resource plans are identical. Situations of over-generation provide
opportunities, coupled with appropriate controls systems, to allow wind and solar
generation to contribute to regulation up resources in addition to use as a reserve
resource. This provides improved system performance. In combination, wind and solar
used for energy and some level of regulation and reserve appears to be cheaper than the
alternative of additional storage, at least at moderate over-generation levels. For the
purposes of this December 2016 PSIP update (similar to the April 2016 PSIP update), we
include the full cost of the grid-scale wind and solar resources in cost calculations,
regardless of over-generation levels and provide a simplified accounting for other

services from these resources.
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Figure K-64. Total System Over-Generation Percent for Moloka'i Plans

Unserved Energy of Moloka'i Plans

K-44

While periods of over-supply exist as described above, periods of unserved energy can
also occur. The plans evaluate whether sufficient generation to serve load exists with

variable renewable energy and minimal conventional thermal resources on the system. If
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there was sufficient generation being provided by the remaining thermal resources,
variable renewable resources, and storage, then there would not be any unserved energy.
The year-by-year amount of unserved energy in hours and energy for the 100%
Renewable by 2020 Plan is shown in Figure K-65. For example, in 2020, there are
approximately 0.56 kWh total of unserved energy that occurs over the course of two

hours in that year.

Unserved Energy - Moloka’i for 2017-2045

Hours of Unserved Energy
Unserved Energy KWh

2018
2019
2020 |
2021

I
-
:
|

Unserved Energy KWh

Figure K-65. Unserved Energy for 100% Renewables by 2020 Plan on Moloka'i

The unserved energy for the 100% Renewable by 2030 Plan is similar to the 100%

Renewable by 2020 Plan since the resource plans are identical.

Seasonal Variations of Moloka'i Renewable Energy

The resource plans optimized using the PLEXOS model include considerable amounts of
grid-scale wind, 5 MW, in 2020 for both the 100% Renewable by 2020 and 100%
Renewable by 2030 plans. The seasonality of available grid-scale wind is shown in the

figures below.

Figure K-66 shows the difference between the load and the available renewable energy in

the year 2025. The difference must be met with thermal generation to prevent unserved

energy.
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K-46

Moloka‘i Monthly Available Renewable Energy (2025)
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Figure K-66. 100% Renewable by 2020 Plan Monthly Available Renewable Energy vs Load on Moloka'i in
2025

Figure K-67 shows the difference between the load and the available renewable energy in
the year 2045. Despite having high amounts of renewable energy available in some
months, creating a surplus, shown in pink, there are some months for which there is a
deficit, shown in gray. This highlights the continued need for thermal generators to
provide supplemental generation during these shortfall periods or energy storage
systems, which are capable of shifting energy over several months from the months

where there is a surplus to the months where there are shortfall.

.. . . W W _ Hawaiian Electric
Hawaiian Electric Companies O—9—@ wauiEiectric

A Hawai‘i Electric Light



K. Analytical Steps and Results
Moloka'i Analytical Steps and Results

Moloka‘i Monthly Available Renewable Energy (2045)
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Figure K-67.100% Renewable by 2020 Plan Monthly Available Renewable Energy vs Load on Moloka'i in
2045

Sub-Hourly Charts of Moloka'i Plans

Sub-hourly modeling was performed to analyze the impact that variable renewable
energy would have on our system, and whether our portfolio of generators and storage

systems would be sufficient to stabilize the electrical grid.

Due to limited data available on Moloka‘i, historical minutely renewable energy data
from Maui was used to determine the volatility of solar and wind resources on Moloka‘i.
Historical minutely load data from Moloka‘i was used. The volatility of the Auwahi

wind farm was applied to future grid-scale wind resources.

An initial screening was done to determine the month with the largest potential minutely
downward ramp. PLEXOS was then employed to perform a stochastic analysis on this
month. Using the historical minutely data, stochastic variables were created for all as-

available resources and the load.

There was virtually no unserved energy in the sub-hourly analysis for Moloka‘i in both
the 100% Renewable by 2020 and 100% Renewable by 2030 cases when a 1-, 15-, and
30-minute look-ahead was assumed. However, as described in Chapter 4, no regulation
requirements were included for the Moloka‘i PLEXOS modeling, thus further analysis is
needed to determine whether there are sufficient resources to integrate high levels of
variable renewable generation on Moloka‘i. It should be noted that in actual operations

no perfect look ahead is possible, regardless of the time duration.
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Daily Energy Charts of Moloka'i Plans

The charts in the previous sections displayed annual and monthly views of how
renewable energy is being integrated into the plans and the impacts to the system energy
production. This section will convey a more granular view by providing the energy mix

for select days of some years of the plans that were modeled.

High Over-Generation Energy Profiles for 100% Renewables by 2020 Plan

Figure K-68 provides a view of the day in the year 2020 that has the highest amount of
over-generation for 100% Renewable by 2020 Plan. On this day, there is over-generation

in every hour of the day.

Energy Profile for 7/26/2020

s Existing Units  @Wind  ODG-PV Curtailable  0JDG-PV Uncurtailable = Over-generation

Figure K-68. 100% Renewables by 2020 Plan Moloka'i High Over-Generation Energy Profile: 2020

Figure K-69, Figure K-70, and Figure K-71 show high over-generation days in 2030, 2040,

and 2045, respectively. Over-generation increasing over time is illustrated below..
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Energy Profile for 11/22/2030
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Figure K-69. 100% Renewables by 2020 Plan Moloka'i High Over-Generation Energy Profile: 2030

Energy Profile for 4/26/2040
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Figure K-70. 100% Renewables by 2020 Plan Moloka'i High Over-Generation Energy Profile: 2040
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K-50

Energy Profile for 11/22/2045
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Figure K-71. 100% Renewables by 2020 Plan Moloka‘i High Over-Generation Energy Profile: 2045

Low Renewable Energy Profiles for 100% Renewables by 2020 Plan

Although Hawai‘i has abundant renewable resources, such as wind and solar, there are
days for which there is limited solar and/or limited or no wind available. Figure K-72,
Figure K-73, Figure K-74, and Figure K-75 illustrate how different the energy profile is on
days with low renewable energy available in the years 2020, 2030, 2040, and 2045,
respectively, for the 100% Renewable by 2020 Plan. Even with the addition of 5 MW of
grid-scale wind in 2020, on days where there is low wind availability, thermal generation

is still necessary to serve the load.
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Energy Profile for 11/24/2020
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Figure K-72. 100% Renewables by 2020 Plan Moloka‘i Low Renewables Energy Profile: 2020

Energy Profile for 12/23/2030
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Figure K-73. 100% Renewables by 2020 Plan Moloka‘i Low Renewables Energy Profile: 2030
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Energy Profile for 11/13/2040
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Figure K-74. 100% Renewables by 2020 Plan Moloka‘i Low Renewables Energy Profile: 2040

Energy Profile for 11/13/2045
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Figure K-75. 100% Renewables by 2020 Plan Moloka'i Low Renewables Energy Profile: 2045
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High Over-Generation Energy Profiles for 100% Renewables by 2030 Plan
The daily energy profiles for the 100% Renewable by 2030 Plan are identical to the daily

energy profiles provided above for the 100% Renewable by 2020 case as the resource

plans are identical.

Low Renewable Energy Profiles for 100% Renewables by 2030 Plan

The daily energy profiles for the 100% Renewable by 2030 Plan are identical to the daily
energy profiles provided above for the 100% Renewable by 2020 case as the resource

plans are identical.
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LANA'l ANALYTICAL STEPS AND RESULTS

The core cases analyzed for Lana‘i outline different paths to achieving 100% renewable
energy in 2020 and 2030.

Energy Mix of Lana'i Plans

Figure K-76 summarizes the annual RPS for each year.

Renewable Portfolio Standards % of Lanai Plans
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Figure K-76. Renewable Portfolio Standards Percent of Lana‘i Plans

The calculation of the RPS per the law does result in values over 100%. Accelerated
targets of 100% renewable energy by 2020 and 100% renewable energy by 2030 are shown
in Figure K-77, which includes renewable energy as a percent of total energy including

customer-sited generation.
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Figure K-77. Total Renewable Energy Percent of Lana'i Plans

The resource mix for the plans changes over time as it reaches 100% renewable. The

figures below reveal how the energy mix in each plan grows to 100% renewable energy.

The annual energy served by resource type is shown in Figure K-78 for the 100%
Renewables by 2020 Plan. Although the addition of grid-scale wind in the year 2020
provides a significant amount of energy, there is still a significant amount of biofuel

utilized to achieve 100% renewable energy.
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Energy Mix for Lana‘i from 2017-2045
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Figure K-78. Energy Mix for 100% Renewables by 2020 Plan on Lana'i
Figure K-79 shows the energy mix of the 100% Renewables by 2030 Plan.
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Figure K-79. Energy Mix for 100% Renewables by 2030 Plan on Lana'i
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Percent Over-Generation of Total System for Lana‘i Plans

As increasingly more renewable energy is added to the system, over-generation
occurrences will become inevitable. Figure K-80 provides estimates of the percent over-
generation of the total system annual energy for the 100% Renewable by 2020 and 100%
Renewable by 2030 plans. Both cases add 4 MW of grid-scale wind in 2020 at which time
over-generation significantly increases. Both plans have similar annual over-generation
since the resource plans are identical. Situations of over-generation provide
opportunities, coupled with appropriate controls systems, to allow wind and solar
generation to contribute to regulation up resources in addition to use as a reserve
resource. This provides improved system performance. In combination, wind and solar
used for energy and some level of regulation and reserve appears to be cheaper than the
alternative of additional storage, at least at moderate over-generation levels. For the
purposes of this December 2016 PSIP update (similar to the April 2016 PSIP update), we
include the full cost of the grid-scale wind and solar resources in cost calculations,
regardless of over-generation levels and provide a simplified accounting for other

services from these resources.
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Figure K-80. Total System Over-Generation Percent for Lana‘i Plans

Unserved Energy of Lana‘i Plans

While periods of over-supply exist as described above, periods of unserved energy can
also occur. The plans evaluate whether sufficient generation to serve load exists with

variable renewable energy and minimal conventional thermal resources on the system. If
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there was sufficient generation being provided by the remaining thermal resources,
variable renewable resources, and storage, then there would not be any unserved energy.
The year-by-year amount of unserved energy in hours and energy for the 100%
Renewable by 2020 Plan is shown in Figure K-81. For example, in 2020, there are
approximately 3.8 kWh total of unserved energy that occurs over the course of two hours

in that year.

Unserved Energy - Lanai for 2017-2045
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Unserved Energy KWh
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Figure K-81. Unserved Energy for 100% Renewables by 2020 Plan on Lana'i

The unserved energy for the 100% Renewable by 2030 Plan is similar to the 100%

Renewable by 2020 Plan since the resource plans are identical.

Seasonal Variations of Lana‘i Renewable Energy

K-58

The resource plans optimized using the PLEXOS model include considerable amounts of
grid-scale wind, 4 MW, in 2020 for both the 100% Renewable by 2020 and 100%
Renewable by 2030 plans. The seasonality of available grid-scale wind is shown in the

figures below.

Figure K-82 shows the difference between the load and the available renewable energy in
the year 2025. The difference must be met with thermal generation to prevent unserved

energy.
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Lana‘i Monthly Available Renewable Energy (2025)
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Figure K-82.100% Renewable by 2020 Plan Monthly Available Renewable Energy vs Load on Lana‘i in 2025

Figure K-83 shows the difference between the load and the available renewable energy in
the year 2045. Despite having high amounts of renewable energy available in some
months, creating a surplus, shown in pink, there are some months for which there is a
deficit, shown in gray. This highlights the continued need for thermal generators to
provide supplemental generation during these shortfall periods or energy storage
systems, which are capable of shifting energy over several months from the months

where there is a surplus to the months where there are shortfall.
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Lana‘i Monthly Available Renewable Energy (2045)
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Figure K-83. 100% Renewable by 2020 Plan Monthly Available Renewable Energy vs Load on Lana‘i in 2045

Sub-Hourly Charts of Lana'i Plans

K-60

Sub-hourly modeling was performed to analyze the impact that variable renewable
energy would have on our system, and whether our portfolio of generators and storage

systems would be sufficient to stabilize the electrical grid.

Due to limited data available on Lana‘i, historical minutely renewable energy data from
Maui was used to determine the volatility of solar and wind resources on Lana‘i.
Historical minutely load data from Lana‘i was also used. The volatility of the Auwahi

wind farm was applied to future grid-scale wind resources.

An initial screening was done to determine the month with the largest potential minutely
downward ramp. PLEXOS was then employed to perform a stochastic analysis on this
month. Using the historical minutely data, stochastic variables were created for all as-

available resources and the load.

There was virtually no unserved energy in the sub-hourly analysis for Lana‘i in both the
100% Renewable by 2020 and 100% Renewable by 2030 cases when a 1-, 15-, and
30-minute look-ahead was assumed. However, as described in Chapter 4, no regulation
requirements were included for the Lana‘i PLEXOS modeling, thus further analysis is
needed to determine whether there are sufficient resources to integrate high levels of
variable renewable generation on Lana‘i. It should be noted that in actual operations no

perfect look ahead is possible, regardless of the time duration
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Daily Energy Charts of Lana‘i Plans

The charts in the previous sections displayed annual and monthly views of how
renewable energy is being integrated into the plans and the impacts to the system energy
production. This section will convey a more granular view by providing the energy mix

for select days of some years of the plans that were modeled.

High Over-Generation Energy Profiles for 100% Renewables by 2020 Plan

Figure K-84 provides a view of the day in the year 2020 that has the highest amount of
over-generation for 100% Renewable by 2020 Plan. On this day, there is over-generation

in every hour of the day.

Energy Profile for 6/7/2020

mw

SCHP  wExistingUnits ®Wind ®Grid-Scale PV ODG-PV Curtailable  0DG-PV Uncurtailable Over-generation

Figure K-84. 100% Renewables by 2020 Plan Lana‘i High Over-Generation Energy Profile: 2020

Figure K-85, Figure K-86, and Figure K-87 show high over-generation days in 2030, 2040,

and 2045, respectively. Over-generation increasing over time is illustrated below.
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Energy Profile for 3/30/2030
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Figure K-85. 100% Renewables by 2020 Plan Lana‘i High Over-Generation Energy Profile: 2030

Energy Profile for 3/30/2040
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Figure K-86. 100% Renewables by 2020 Plan Lana‘i High Over-Generation Energy Profile: 2040
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Energy Profile for 3/30/2045
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Figure K-87. 100% Renewables by 2020 Plan Lana‘i High Over-Generation Energy Profile: 2045

Low Renewable Energy Profiles for 100% Renewables by 2020 Plan

Although Hawai‘i has abundant renewable resources, such as wind and solar, there are
days for which there is limited solar and/or limited or no wind available. Figure K-88,
Figure K-89, Figure K-90, and Figure K-91 illustrate how different the energy profile is on
days with low renewable energy available in the years 2020, 2030, 2040, and 2045,
respectively, for the 100% Renewable by 2020 Plan. Even with the addition of 4 MW of
grid-scale wind in 2020, on days where there is low wind availability, thermal generation

is still necessary to serve the load.
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Energy Profile for 12/9/2020
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Figure K-88. 100% Renewables by 2020 Plan Lana‘i Low Renewables Energy Profile: 2020

Energy Profile for 12/23/2030
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Figure K-89. 100% Renewables by 2020 Plan Lana‘i Low Renewables Energy Profile: 2030
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Energy Profile for 12/23/2040
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Figure K-90. 100% Renewables by 2020 Plan Lana‘i Low Renewables Energy Profile: 2040

Energy Profile for 12/23/2045
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Figure K-91. 100% Renewables by 2020 Plan Lana‘i Low Renewables Energy Profile: 2045

OO —@ mouiElsctric PSIP Update Report: December 2016 K-65

i . Hawai‘i Electric Light



K. Analytical Steps and Results
Lana‘i Analytical Steps and Results

High Over-Generation Energy Profiles for 100% Renewables by 2030 Plan
The daily energy profiles for the 100% Renewable by 2030 Plan are identical to the daily
energy profiles provided above for the 100% Renewable by 2020 case as the resource

plans are identical.

Low Renewable Energy Profiles for 100% Renewables by 2030 Plan

The daily energy profiles for the 100% Renewable by 2030 Plan are identical to the daily
energy profiles provided above for the 100% Renewable by 2020 case as the resource

plans are identical.
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HAWAI‘l ISLAND ANALYTICAL STEPS AND RESULTS

The core cases analyzed for Hawai‘i Island outline different paths to achieving 100%
renewable energy in 2045 as well as an accelerated target of 2040 consistent with the
April 2016 PSIP.

Energy Mix of Hawai'i Island Plans

Figure K-92 summarizes the annual RPS for each year.

Renewable Portfolio Standards % of Hawai‘i Plans
(100% Renewable in 2045)
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Figure K-92. Renewable Portfolio Standards Percent of Hawai'i Island Plans

The calculation of the RPS per the law does result in values over 100%. To emphasize that
we are committed to achieving 100% renewable energy in 2045, Figure K-93 shows the

renewable energy as a percent of total energy including customer-sited generation.
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Total Renewable Energy %

100.0%

——Post-April PSIP Plan
90.0%

80.0%

70.0%

60.0%

50.0% = E3 Plan

40.0%

Total RE %

20.0%

10.0% ——E3 Plan with LNG

0.0%

2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
04

Figure K-93. Total Renewable Energy Percent of Hawai'i Island Plans

The resource mix for the plans changes over time as it reaches 100% renewable in 2045
for the E3 plans and 100% renewable in 2040 for the Post-April PSIP Plan.

The annual energy served by resource type is shown in Figure K-94 for the Post-April
PSIP Plan. The transition to renewable wind and solar can be easily seen as the fossil fuel

(oil) significantly decreases over time.
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Energy Mix for Hawaii Island from 2017-2045
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Figure K-94. Energy Mix for Post-April PSIP Plan on Hawai‘i Island

Figure K-95 shows the energy mix of the E3 Plan.

Energy Mix for Hawaii Island from 2017-2045
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Figure K-95. Energy Mix for E3 Plan on Hawai‘i Island

The E3 Plan with LNG uses LNG as a transitional fuel from oil. Renewable energy is
added economically to meet intermediate RPS targets and ultimately 100% renewable

energy in 2045. The energy mix for E3 Plan with LNG is shown in Figure K-96. The
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transition to LNG assumes a contract period of 2022-2041. During the last intervening
years in the transition to 100% renewable energy, potential future resources at this time
could include biofuels, LNG, oil, other renewable options or a mix of options. Given
rapidly evolving energy options and technology, the exact fuel mix is difficult to predict

today.

Energy Mix for Hawaii Island from 2017-2045
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Figure K-96. Energy Mix for E3 Plan with LNG on Hawai'i Island

Percent Over-Generation of Total System for Hawai'i Island Plans

K-70

As increasingly more renewable energy is added to the system, over-generation
occurrences will become inevitable. Figure K-97 provides estimates of the percent over-
generation of the total system annual energy for the various plans. Since the E3 Plan
integrates greater amounts of grid-scale wind and earlier than the Post-April PSIP Plan,
the percent over-generation increases significantly in the 2022 timeframe compared to the
Post-April Plan. Load-shifting storage was not included in the Post-April PSIP Plan, but
was included in the E3 plans, resulting in lower over-generation in the E3 plans overall
when compared to the Post-April PSIP Plan. Although the E3 plans add load-shifting
storage, situations of over-generation provide opportunities, coupled with appropriate
controls systems, to allow wind and solar generation to contribute to regulation up
resources in addition to use as a reserve resource. This provides improved system
performance. In combination, wind and solar used for energy and some level of
regulation and reserve appears to be cheaper than the alternative of additional storage, at

least at moderate over-generation levels. For the purposes of this December 2016 PSIP
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update (similar to the April 2016 PSIP update), we include the full cost of the grid-scale
wind and grid-scale PV resources in cost calculations, regardless of over-generation

levels and provide a simplified accounting for other services from these resources.

% Over-generation of Total System for Hawai‘i Island Plans
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Figure K-97. Total System Over-Generation Percent for Hawai'i Island Plans

Unserved Energy of Hawai‘i Island Plans

While periods of over-supply exist as described above, periods of unserved energy can
also occur. The plans evaluate whether sufficient generation to serve load exists with
variable renewable energy and storage with minimal conventional thermal resources on
the system. The E3 plans identified existing conventional thermal generating units that
could be considered for removal from service as an economic option. For the PLEXOS
modeling of the E3 plans, these units were made unavailable to serve load or “offline”. If
there was sufficient generation being provided by the remaining thermal resources,
variable renewable resources, and storage, then there would not be any unserved energy.
The year-by-year amount of unserved energy in hours and energy for the E3 Plan is
shown in Figure K-98. For example, in 2020, there is approximately 31 MWh total of

unserved energy which occurs over the course of 4 hours in the year.

O —O—@ Moui Eloctrio PSIP Update Report: December 2016 K-71

Hawai‘i Electric Light



K. Analytical Steps and Results
Hawai'i Island Analytical Steps and Results

Unserved Energy - Hawai‘i Island for 2017-2045
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Figure K-98. Unserved Energy for E3 Plan on Hawai'i Island

Figure K-99 indicates that the Post-April PSIP Plan has about one hour of unserved
energy in 2019 and does not have unserved energy until the 2038 timeframe.. The few
hours of unserved energy could be investigated in more detail and may be due to
thermal generating units being on maintenance which could be adjusted or refined as we

approach the year of concern.
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Unserved Energy - Hawai‘i Island for 2017-2045
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Figure K-99. Unserved Energy for Post-April PSIP Plan on Hawai'i Island

Seasonal Variations of Hawai'i Island Renewable Energy

While Hawai‘i Island has firm renewable generation that is more predictably available,
there is still a significant amount of variable renewable generation. Although there are

diverse locations of resources, there can be periods with low production.

Figure K-100 shows the difference between the load and the available renewable energy
in the year 2025. The difference must be met with thermal generation to prevent

unserved energy.
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Hawaii Monthly Available Renewable Energy (2025)
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Figure K-100. E3 Plan Monthly Available Renewable Energy vs Load on Hawai'i Island in 2025

Figure K-101 shows the difference between the load and the available renewable energy
in the year 2045 for the E3 Plan. Despite having high amounts of renewable energy
available in some months, creating a surplus, shown in pink, there are some months for
which there is a deficit, shown in gray. This highlights the continued need for thermal
generators to provide supplemental generation during these shortfall periods or energy
storage systems, which are capable of shifting energy over several months from the

months where there is a surplus to the months where there are shortfalls.
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Hawaii Monthly Available Renewable Energy (2045)
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Figure K-101. E3 Plan Monthly Available Renewable Energy vs Load on Hawai'i Island in 2045

Sub-Hourly Charts of Hawai‘i Island Plans

Sub-hourly modeling was performed to analyze the impact that variable renewable
energy would have on our system, and whether our portfolio of generators and storage

systems would be sufficient to stabilize the electrical grid.

Historical minutely renewable energy data was used to determine the volatility of solar
and wind resources on Hawai‘i Island. The volatility of the Apollo wind farm was

applied to future grid-scale Wind resources.

An initial screening was done to determine the month with the largest potential minutely
downward ramp. PLEXOS was then employed to perform a stochastic analysis on this
month. Using the historical minutely data, stochastic variables were created for all as-
available resources and the load. Shown below are the results from the sub-hourly

analysis of the E3 Plan when a 1-, 15-, and 30-minute look-ahead is assumed.

Figure K-102 shows the estimated unserved energy at a 1 minute look-ahead. To analyze
the impact of the 12 MW 4-hour load-shifting battery installed in the E3 Plan in 2020,
Figure K-103 shows the estimated unserved energy at a 1 minute look-ahead without the

battery in-service.
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Unserved Energy - Hawai'i Island - December 2020
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Figure K-102. Sub-Hourly Unserved Energy for E3 Plan on Hawai‘i Island at [-Minute Look-Ahead

Unserved Energy - Hawai'i Island - December 2020
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Figure K-103. Sub-Hourly Unserved Energy for E3 Plan on Hawai'i Island at |-Minute Look-Ahead without
Load-Shifting Battery

As shown in Figure K-104, the unserved energy magnitude and number of occurrences

significantly decreases with 15 minute look-ahead.
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Unserved Energy - Hawai'i Island - December 2020
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Figure K-104. Sub-Hourly Unserved Energy for E3 Plan on Hawai'i Island at |5-Minute Look-Ahead

With a 30 minute look-ahead setting, there is virtually no unserved energy.

Daily Energy Charts of Hawai'i Island Plans

The charts in the previous sections displayed annual and monthly views of how

renewable energy is being integrated into the plans and the impacts to the system energy

production. This section will convey a more granular view by providing the energy mix

for select days of some years of the plans that were modeled.
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High Over-Generation Energy Profiles for E3 Plan
Figure K-105 provides a view of the day in the year 2020 that has the highest amount of

over-generation for the E3 Plan. It can be seen that during the middle of the day, almost
all of the load is being served by renewable energy. During this time, storage is being

charged then discharged in the evening..

Energy Profile for 10/24/2020

mGeothermal  WHydro  mExistingUnits mWind  mEnergyStorage  mGrid-Scale PV ODG-PV Curtailable 0 DG-PV Uncurtadable Over-generation

Figure K-105. E3 Plan Hawai'i Island High Over-Generation Energy Profile: 2020

Figure K-106, Figure K-107, and Figure K-108 shows virtually all of the energy provided
on high over-generation days in 2030, 2040, and 2045, respectively, is through renewable
resources. On these days, over-generation occurs in almost every hour of the day and

energy storage is discharged in the evening.
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Energy Profile for 4/14/2030
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Figure K-106. E3 Plan Hawai'i Island High Over-Generation Energy Profile: 2030
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Figure K-107. E3 Plan Hawai'i Island High Over-Generation Energy Profile: 2040
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Energy Profile for 4/23/2045
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Figure K-108. E3 Plan Hawai'i Island High Over-Generation Energy Profile: 2045

Low Renewable Energy Profiles for E3 Plan

Although Hawai‘i has abundant renewable resources, such as wind and solar, there are
days for which there is limited solar and/or limited or no wind available. Figure K-109,
Figure K-110, Figure K-111, and Figure K-112 illustrates how different the energy profile
is for the days with low renewable energy available in the years 2020, 2030, 2040, and
2045, respectively, for the E3 Plan. Even in later years, such as 2040 and 2045, where there
are significant amounts of renewable resources and energy storage included in the plan,

on these low renewable days, thermal generation is still necessary to serve the load.
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Energy Profile for 1/24/2020
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Figure K-109. E3 Plan Hawai'i Island Low Renewables Energy Profile: 2020

Energy Profile for 1/25/2030
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Figure K-110. E3 Plan Hawai'i Island Low Renewables Energy Profile: 2030
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Energy Profile for 9/17/2040
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Figure K-111. E3 Plan Hawai'i Island Low Renewables Energy Profile: 2040

Energy Profile for 12/31/2045
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Figure K-112. E3 Plan Hawai‘i Island Low Renewables Energy Profile: 2045
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High Over-Generation Energy Profiles for Post-April PSIP Plan

Since the Post-April PSIP Plan has a different resource mix than the E3 plans, the daily
energy profiles for the same years (2020, 2030, 2040, and 2045) are provided below.

Energy Profile for 10/24/2020
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Figure K-113. Post-April PSIP Plan Hawai'i Island High Over-Generation Energy Profile: 2020

Energy Profile for 2/28/2030
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Figure 4-114. Post-April PSIP Plan Hawai'i Island High Over-Generation Energy Profile: 2030
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Energy Profile for 4/28/2040
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Figure K-115. Post-April PSIP Plan Hawai'i Island High Over-Generation Energy Profile: 2040

Energy Profile for 4/16/2045
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Figure K-116. Post-April PSIP Plan Hawai'i Island High Over-Generation Energy Profile: 2045
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Low Renewable Energy Profiles for Post-April PSIP Plan

The daily energy profiles for the same years (2020, 2030, 2040, and 2045) for the Post-
April PSIP Plan are provided below as a comparison to the E3 plans.

Energy Profile for 1/24/2020
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Figure K-117. Post-April PSIP Plan Hawai'i Island Low Renewables Energy Profile: 2020

Energy Profile for 1/25/2030
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Figure K-118. Post-April PSIP Plan Hawai'i Island Low Renewables Energy Profile: 2030
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Energy Profile for 11/12/2040
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Figure K-119. Post-April PSIP Plan Hawai'i Island Low Renewables Energy Profile: 2040

Energy Profile for 12/31/2045
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Figure K-120. Post-April PSIP Plan Hawai'i Island Low Renewables Energy Profile: 2045
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L. EPRI Reserve Determination

Hawaiian Electric has assembled a study team to propose a new method for determining
operating reserve requirements based on an EPRI study for determining the impacts of
wind and solar on system operations. Since the O‘ahu island system is highly sensitive to
frequency swings, this study, conducted only on the O‘ahu grid, focused on short-term

frequency regulating reserve.

The study uses a multi-cycle power system operations model (one that simulates the

multiple decision-making procedures taken in real operations) to:

11 Analyze costs, area control error (ACE), and frequency of the current reserve
requirement method versus the proposed method —for current and future renewable

penetration on the O*ahu system.
11 Represent the various decisions made by O‘ahu system operators.

11 Stochastically represent wind, solar, load, and outages, as well as short-term

operations.

The study also considers sensitivities, including using battery energy storage systems
(BESS) and regulation reserve during renewable ramping periods combined with a

generating contingency event.

This process will allow us to better understand how reserves are currently being used
and how new methods (including those based on the stochastic nature of wind, solar,
and load) could improve upon the optimal amount of reserve needed for the system. The
study’s finding will inform the development of new short-term operational tools to
manage wind and solar variability and uncertainty, which might include conditional
rules for procuring and deploying reserves. The study also examines how a BESS

installed and used for providing reserves operates.

The study progressively adds more detail to individually examine each of these factors.
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L. EPRI Reserve Determination
Assessment of GE study And EPS Reserve Methodology

L-2

When the study completes, EPRI and Hawaiian Electric will work together to ensure that
the results can be transferred to operating practices and their energy management system
tools. The goal is not to develop online operating tools, but rather examine some of the

potential operating solutions through realistic simulations.

The study team is using the FESTIV simulation tool which incorporates unit
commitment, economic dispatch, automatic generation control, and contingency-based
operator action. The tool is unique in being able to simulate the long-term scheduling
and commitment of resources days and hours ahead, while also simulating the fast

second-to-second control and frequency impacts of the system.

Thus far, the study team:

11 Collected eight weeks of historic high-resolution load, conventional generation, and

renewable data, then constructed the input files necessary to run the simulation tool.

11 Developed a module to better simulate frequency of the O*ahu system using the
O‘ahu frequency bias and ACE.

“

11 Developed a module to mimic O*ahu’s “equal lambda criterion” automatic generation
control (AGC) simulation model, which determines production levels based on O‘ahu

generator quadratic cost functions.

11 Incorporated numerous reliability must-run, derate, and other specific rules to

benchmark unit generation, frequency, and ACE.

11 Performed simulations of all eight weeks using the base case reserve requirement
method.

11 Created near-future (circa 2018) cases from the eight weeks of high-resolution data to

include the forecasted future central and distributed renewable resources.

11 Performed simulations of the future cases and analyzed the frequency, cost, and ACE

impacts under both the current reserve method and the GE-proposed reserve method.

11 Repeated the simulations and the analyses of the future cases with all units (but
Kahe 5 and Kahe 6) as flexible (rather than must-run) to understand how this will

change the benefits and impacts of the reserve methodologies.

The study team will evaluate the periods where greater imbalance was occurring, and
using probabilistic renewable generation forecasts and variability statistics, propose a
reserve requirement determination method with improved performance based on
economic or reliability factors. A preliminary evaluation of the benefits of implementing
the EPRI methodology is expected sometime in the first quarter of 2017; the final analysis

and report for the entire effort is expected by end of the second quarter of 2017.

O‘ahu is using the GE method; Maui and Hawai'i Island are using the EPS method.
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ASSESSMENT OF GE STUDY AND EPS RESERVE METHODOLOGY

The report, Proposed HECO Regulation-From Measured Wind and Estimated Solar Data
(conducted by EPS and published August 5, 2014), assesses their proposed reserve
methodology. We forwarded this report to EPRI for their assessment. Based on a
high-level review of the proposed approach, EPRI indicated that a more efficient reserve
procurement approach can be specified while still maintaining a satisfactory level of
reliability. EPRI suggested four categories of improvements. The first improvement’s
description is different for the GE study and EPS methods. The remaining three

improvements are essentially the same for both methods.

GE Improvement 1: Assumption of Correlation of Wind and Solar with Load

The GE study method improves upon the EPS reserve method in two ways:

11 Assessing overall renewable ramps rather than just wind and solar ramps
individually.
11 Using the difference between daytime (with PV )and nighttime ramps (without PV),

which can better show the maximum expected ramps for both periods.

Thus, the correlation between wind and solar is captured to better determine overall
regulation needs for the system. From EPRI simulations, this results in a much lower
reserve requirement for a lower system cost with negligible reliability impacts. For
example, evaluating a week in Spring 2014 showed costs reduced by $35,000 while the
standard deviation of ACE was decreased by 0.2 MW. In addition, Hawaiian Electric’s
compliance measure (the percent of time where frequency deviates by more than

50 MHz) was decreased by 0.2%.

Hawaiian Electric plans to assess how the renewable impact correlates with load ramps,
as the load level can have a significant impact on the anticipated level of ramping on the

system.

EPS Improvement 1: Assumption of Correlation of Wind and Solar with Load

The EPS method presented separate, total regulation requirement for wind and solar,
based on covering large ramps of each type of resource. Separating the requirements for
isolating wind and PV ramping to attain the total required regulation essentially assumes
that wind and solar are perfectly correlated (that is, the largest wind ramp will occur

simultaneously with the largest solar ramp).

The EPS proposed method calculates reserve requirements based on total wind or total
solar rather than summing the requirement to cover the ramping of individual wind
plants and individual solar plants. Because of this, the reserve determination requirement

should consider the total ramp from total renewables based on output level rather than

Hawaiian Electric L_3
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each technology individually. For example, it may be that the EPS method requires
substantial regulation requirement to cover wind ramps that are ramping down during a

period when solar is ramping up such that the net variability is not as significant.

Similarly, the reserve requirement should be evaluated with load to cover the net load
variability and not just the aggregate renewable ramping. Requirements can use
multi-dimensional lookup tables for regulation requirements (for example, for particular

wind, solar, and load conditions, carry some MW level of regulation reserve).

With further analysis, this enhancement to the method can reduce the amount of reserve
while having negligible reliability impacts. This would involve assessing the relationship
between wind, solar, and load variability and, based on this relationship, developing a

requirement to cover the maximum largest ramps.

One of the key challenges will be ensuring sufficient representative data is available so
that the worst case events can be identified. Lacking sufficient confidence in this, then
some margin may be needed above the amount that data analysis may identify as

needed.

GE and EPS Improvement 2: 1.1 Ratio and Percentage Level Cap

The GE study and EPS methods use a 1:1 approach that requires 1 MW of reserve for
every MW of production, up to a certain percentage level of wind or solar. Above that,
no incremental reserve requirements are needed. The study team was unable to
determine why these approaches were taken based on the data available to EPRI; the use

of 1:1 ratios and the cap percentage above which no more is needed both seem arbitrary.

Figure L-1 and Figure L-2 shows that application of the GE study and EPS method
requirement (respectively) in red for PV ramping data. This data is the Maui Electric
results in holding more than twice the reserve required to cover ramps for some lower

PV levels and a deficit in reserve to fully cover PV ramps for some higher PV levels.

Even if the system required 100% compliance of meeting the 20-minute ramp, a
segmented curve that doesn’t keep the arbitrary 1:1 ratio can be used as shown in yellow.
This would meet all of the historical ramps based on the data shown, such that
over-procuring reserve requirements would be significantly reduced. Even if a margin is

desired, the yellow line is significantly lower at lower PV output.

Applying a segmented reserve requirement curve approach for each operating company
may reduce costs by reducing unnecessary reserves while providing greater compliance
by covering ramp events between 20 and 30 MW outputs — this wouldn’t have been

guaranteed in the previous method.
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Figure L-1. GE Study Method 20-Minute Solar PV Ramp Rates: 100% Reserve Requirement
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Figure L-2. EPS Method 20-Minute Solar PV Ramp Rates: 100% Reserve Requirement
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L-6

GE and EPS Improvement 3: 100% Compliance Assumption

Mainland balancing compliance requirements are based on statistically ensuring that
imbalances do not get large enough to trigger under-frequency load shedding for N-1.
They are also rarely defined other credible events (for example, N-2). For normal
balancing, the current NERC standard is that the imbalance be less than some specified
MW level for 90% of the time.

For an interconnected system with peak load similar to Hawaiian Electric, the imbalance
level must be less than approximately 25 MW for 90% of the time. Because of the isolated
nature of the O*ahu island system, the allowable imbalance levels must be maintained
lower than on mainland systems. This is because there are no neighboring areas to net
out impacts and because frequency excursions are much larger for similar sized
imbalances. Adjusting the Hawaiian Electric reserve requirement to allow for potential

deficiency of a few MW 1% or less of the time is not likely to adversely impact reliability.

As a hypothetical example, the segmented reserve requirement represented by the
orange trace (in Figure L-3 for the GE study, and in Figure L-4 for the EPS method for the
same Maui Electric PV ramping, and based on graphical observation without reviewing
data) would likely provide 99.9% compliance for meeting its ramping requirements. Any
imbalances would cause a deviation of less than one MW with little impact to frequency

error.

Hawaiian Electric can further improve its reserve requirement approach by reviewing its
operating criteria for the level of imbalance that can cause a significant frequency
deviation, any added safety margins (to account for starting frequency), and its agreed
upon risk tolerance (or compliance standard) on how often to allow deviations of

different magnitude.
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Figure L-3. GE Study Method 20-Minute Solar PV Ramp Rates: Segmented Reserve Requirement
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Figure L-4. EPS Method 20-Minute Solar PV Ramp Rates: Segmented Reserve Requirement
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GE and EPS Improvement 4: Impact on the Predictability of Ramp Conditions

The GE study and EPS reserve methods determine regulation requirements based on the
ramp levels of wind and solar at various output levels. They do not, however, consider
the predictability of those ramps. The predictability (or unpredictability) of the ramp can

have a large impact on the reserve requirement.

For example, solar ramp down during the evening is easier to meet compared to an
unpredicted random cloud cover. Being able to predict the ramp allows operators to
schedule to commit additional resources beforehand so that they are prepared to turn on

when the ramp occurs. They might not, however, be needed during other periods.

Whether this impact can increase or decrease requirements is unclear. Clarity would
depend on the accuracy of the renewable resource forecasts, and its scheduling efficiency

(scheduling and commitment of resources outside of regulating resources).

RESERVE DETERMINATION METHODS THAT CONSIDER RENEWABLE OUTPUT

L-8

A number of other areas with high renewable penetrations are beginning to adjust their
operating reserve requirements (mostly regulation reserve) to incorporate the impacts of

renewables.

Although much larger than Hawaiian Electric, ERCOT is an isolated balancing area,
although it has relatively small DC connection with other areas. ERCOT was one of the
first regions that adjusted its reserve requirements based on renewable impact and kept a

level of reserve that is not constant.

The following occurs in ERCOT’s regulation reserve requirement methodology. ERCOT:

11 Bases its regulation needs on meeting 95th percentile of all ramps by using data from
the previous month and the same month in the previous year (for example, when
calculating requirements for March 2016, they use mid-January to mid-February 2016
data and March 2015 data).

Calculates requirements for each hour of the day in the following month, giving a

24-hour time series of requirements.

11 Bases its regulation needs on meeting the NERC Control Performance Standard 1 that

dictates how well it should balance generation and load

11 Increases regulation due to wind generation by about 0.5% of installed capacity. For
1,000 MW capacity increase in wind, the regulation requirement is increased by

4-6 MW, based on the overall impacts on imbalance to the net load

. . . ¢ Hawaiian Electric
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11 Bases the original level on previous deployments of the regulation, with regulation

being used to meet overall net load imbalance

Other areas have described small changes to their regulation reserve requirements based
on increased renewable penetrations. This typically includes regulation requirements
that might be based on a percentage of load plus some quantity using the expected
renewable output. Most of these are not as transparent as to how they are calculated
compared to ERCOT. For example, SPP describes their regulation requirement as “based
upon a percentage of forecasted load, adjusted up or down to account for resource
output variability, and may vary on an hourly basis.” The incremental requirements from
wind generation are based on both the anticipated forecast and the anticipated hour to

hour change.

Other areas on mainland U.S. are also introducing new reserve products, similar to
regulation. These products, typically referred to as ramping capability or flexibility reserve,
are reserve held to be used in a continuous basis (similar to regulation), but are deployed
on a 5-10 minute time frame rather than a second-to-second time frame. The requirements
are used primarily to accommodate for renewable forecast error and renewable output
ramps. The requirements are typically based on historical renewable ramps over the time
frame of interest (typically 5 minutes, 10 minutes, or 30 minutes), and expectation to meet
some percentile of those ramp events (for example, 95%). These products are now present
in areas including California ISO, MidContinent ISO, and Public Service of Colorado.

Others may introduce similar reserve products in the near future.

References

These web links summarize some of these emerging requirements.

11 EPRI, Reserve Determination Methods for Variable Generation: Industry Practices and
the current research, Product ID 3002004242, October 2014.

11 Ela et al., Operating reserve and variable generation, NREL tech report, 2011.
http:/ /www.nrel.gov/docs/fyllosti/51978.pdf

11 ERCOT, Methodologies for Determining Ancillary Service Requirements.
www.ercot.com/content/ mktinfo/dam/kd/ERCOT %20Methodologies % 20for %20De
termining %20Ancillary %20Service %20Requir.zip (opens up zip file directly which

contains word document)

11 MISO, ramp capability white paper, 2013. https:/ / www.misoenergy.org/Library/
Repository/ Communication % 20Material / Key % 20Presentations %20and %20Whitepap
ers/Ramp %20Capability %20for %20Load % 20Following %20in % 20MISO % 20Markets %
20White %20Paper.pdf

11 CAISO, flexible ramping product project page: https://www.caiso.com/informed/
Pages/StakeholderProcesses/FlexibleRampingProduct.aspx
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USE OF RENEWABLES FOR ACTIVE POWER MANAGEMENT

In many parts of the country and elsewhere in the world, renewables (wind and solar
power) are used for various active power ancillary services to assist in meeting energy
requirements and reliability needs. The description (with references) of two such services

follows.

Service 1. Congestion Management and Redispatch

In many areas of the United States, wind power is used for redispatch to maintain the
energy balance and ensure transmission constraints are within their normal and
contingency limits. Most U.S. independent system operators use wind to assist in

congestion management.

When a transmission constraint is limited and wind may be the most efficient or only
option to bring the flow within limits, the system operator will send a direction to curtail
the wind resource within the next five minutes. This can also be important when thermal
generation plants are at their minimum stable generating limits where they cannot back
down any further and cannot turn off because of their minimum off time and start-up

times when required to be on in the near future.

Curtailing wind and/or solar could be an economic means to handle high penetrations,
where it is less expensive to curtail than cycle units on and off. For example, Xcel Energy
use this procedure in their Colorado service territory (which is a vertically integrated
balancing authority) to allow them to turn off coal units. During nighttime periods, coal
could be turned off and wind could provide AGC to manage variability. This may also
reduce the amount of variability present in the system, either by reducing up-ramps of
wind or solar (dlownwards reserve) or by pre-curtailing before periods of large ramp

downs in wind or solar.

References

More information can be found in the following resources:

11 NYISO, Integration of wind into system dispatch, 2008:
http:/ /www ferc.gov/CalendarFiles/20090303120334-
NYISO%20Wind %20White %20Paper %200ctober %202008.pdf

11 MISO dispatchable intermittent resource program:
https:/ /www.misoenergy.org/Library/Repository / Meeting %20Material / Stakeholde
r/Workshops%20and %20Special %20Meetings /2011 /DIR %20Workshops /20110413 %
20DIR %20Implementation %20Workshop % 20Presentation.pdf
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Service 2: Frequency Control

Wind power can provide frequency control (similar to the control of the turbine governor
droop); it can respond rapidly to help stabilize frequency. Wind can also provide fast
response, particularly to over-frequency events, by reducing impact (see Figure L-5). For
sufficient under-frequency response, the wind facility has to be pre-curtailed, which may
have economic or contractual consequences. If curtailed, wind can provide a fast

response; in ERCOT, wind is required to do so only when curtailed for other reasons.

Solar is able to perform similarly. An accurate forecast of renewable output can also
impact the ability of renewable generation to provide frequency response (particularly
under-frequency response). When the forecast is inaccurate, the amount of frequency

response from the renewable generation might be less than anticipated.

The controls to perform in this manner are readily available from the major wind turbine
manufacturers, although they do need to be retrofitted to plants where they are not
already installed. That said, having these controls enabled could potentially allow for
other resources to be decommitted at times of high wind or solar output, when those

resources can be curtailed to provide frequency response.
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L. EPRI Reserve Determination
Use of Renewables for Active Power Management

References

More information can be found in the following resources:

11 http:/ /www.nerc.com/pa/Stand/Reliability % 20Standards/BAL-001-TRE-1.pdf
(Reliability criteria in ERCOT that describes wind’s participation in providing primary

frequency control)
11 http:/ /www.nrel.gov/docs/fyl5osti/64283.pdf

11 EPRI and NREL organized a project, as well as associated workshops, on the above
topics of active power control for wind. More details can be found at
http:/ /www.nrel.gov/docs/fyl4osti/60574.pdf
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M. Component Plans

To date, five Commission Orders have directed the Companies create a series of
Component Plans. These Component Plans first appeared in Order No. 32053 for
Hawaiian Electric, Order No. 31758 for Hawai‘i Electric Light, and Order No. 32055 for
Maui Electric. Order No. 33320 and Order No. 33870 reiterated this directive.
These Component Plans are:

11 Fossil Generation Retirement Plan

11 Generation Flexibility Plan

11 Must-Run Generation Reduction Plan

11 Environmental Compliance Plan

11 Key Generator Utilization Plan

11 Optimal Renewable Energy Portfolio Plan

11 Generation Commitment and Economic Dispatch Review

Integrated throughout our planning and analysis, the Companies have worked toward

satisfying the requirements stated in each of the Component Plans.

Hawaiian Electric
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M. Component Plans
Fossil Generation Retirement Plan

FOSSIL GENERATION RETIREMENT PLAN

Modernization Needs

M-2

Firm generating units that can be relied upon any time of day to provide power up to
their nameplate capacity have historically been used to generate the bulk, if not all, of the
energy needs for Hawai‘i. As we move toward meeting the 100% RPS goal, many of
these firm conventional generating units will be counted on less and less to provide
energy because of increased levels of variable energy from photovoltaic (PV), wind, and
other renewable power systems. This transition is already occurring, with variable
generation providing a significant amount of the total energy needs for the Maui Electric
and Hawai‘i Electric Light systems. However, even after the state reaches its 100%
renewable energy goal, firm generating units (operating on renewable fuels) remain
essential components in the generating asset mix, albeit many of them having a different

role than conventional generating units have today.

Although firm conventional units will gradually become less of the a primary energy
source, they will provide supplemental resources: supplying customers’ energy needs
during periods with low variable energy production— periods with little sunshine, when
the winds are calm, or during maintenance of large renewable assets. Firm generating
units will also continue to enable reliable grid operation (for example, voltage stability
and control, inertial response, and primary frequency response) and short-term balancing
needs (such as replacement reserves). Of course, some types of firm renewable assets
(such as biomass or geothermal) may continue to operate in a similar manner as

historical conventional firm generation.

As the roles of firm generation assets evolve, the technical and operational capabilities of
these units must match their new use pattern. To meet the future requirements, many
existing generators must be modified or replaced to cost-effectively supply supplemental
energy, fast balancing services, and other requirements identified for reliable and secure
power delivery. Among other attributes, new assets need to have operational flexibility:
the ability to start quickly, ramp up and down at high rates, and be designed to regularly
start and stop multiple times daily even after long periods of being offline. Many existing
firm generating units do not fully possess these characteristics. Often, newer generating
units that bring more flexibility to the system will also provide improved fuel efficiency,
resulting in lowering the amount of fossil fuel use while moving toward reaching the

100% renewable generation goal.

The timing of firm generation fleet modernization needs to consider several factors: the

overall cost to customers for different resource options; objectives such as reducing fossil

.. . . Hawaiian Electric
Hawaiian Electric Companies O—9—@ wauiElectric

Hawai‘i Electric Light



M. Component Plans
Fossil Generation Retirement Plan

fuel use (which is different than meeting RPS requirements); and system resource needs
for reliable and cost-effective operation, including whether existing aging units can

continue to provide reliable service after years of operation.

While it may appear that new efficient generating units will lower fuel costs for
customers, this is often not the case. Although less fuel will be used because of increased
efficiency, the type of fuel readily available and authorized to use in new modern units is
likely to cost more. Historically, the fuel cost premium has outweighed the efficiency
gains such that overall fuel costs would have increased with the installation of new
modernized generation. When the capital cost of the new generation is also taken into
account, costs to customers increase even more. However, this would not be the case if a
low-cost fuel became readily available that could be permitted for use in modernized
generating units (such as LNG). If that were the case, it is possible that fuel cost savings
could override the capital investment of new generation, thereby lowering overall cost to

customers.

Whether or not modernized generating units will result in fuel cost savings, it is evident
their installations would reduce overall fossil fuel consumption in our journey to 100%
renewable energy production. Depending on the types of new generation assets installed
and the existing technologies being replaced, new modernized generating units could be
20% to 50% more efficient. While this reduction in fossil fuel use is not the same as
adding renewable energy resources, it accomplishes many of the same goals envisioned
by the RPS directives. Over time, these new modernized generating assets will transition

to use only renewable fuels, thereby reducing fossil fuel use even further.

The time lines for reduced use of resources as primary energy providers, and the need for
the full slate of enhanced operational attributes that come with new modernized
generating units can be estimated from analyses in the PSIP process. However, what
cannot be easily determined is how long existing aging generating units can continue to
operate reliably, particularly considering the changing use pattern. Until new generating
units are installed, existing generation must have increasing operational flexibility and be
subject to layup, cycling, and ramping for which they were not originally designed.

There is also potential for increasingly stringent environmental regulations to make them

too costly for continued service.

What is clear, however, is that firm generating resources cannot be considered for
removal while they are still required to provide reliable and secure service to customers.
In addition, even if units are not needed for reliability, a choice may be made to keep

them in service if they continue to be cost-effective to operate and maintain.
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We consider generating units for removal from service when all of the below are true:

11 The cost of maintaining and operating the unit to provide bulk power needs is more
expensive than an alternative means of serving bulk demand (for example,
replacement generation is more economical, taking into account its capital cost, or the
aggregate capacity value of variable renewable resources is sufficient to retire the
unit).

11 The unit is no longer required to meet adequacy of supply requirements (that is,

providing capacity to meet reserve margins).

11 The unit is not required for system security reasons (such as offline reserves, fast-start,
system restoration, or other critical functions) or is not the most economical means of
meeting system security (for example, when a different generator, BESS, or DR can

provide a more economical source of these essential grid services).

Weighing factors of cost, need for greater flexibility, and maintaining reliability, the PSIP
plans include dates to add new generation resources. In some cases, these additions will
increase costs to customers but are prudent to continue providing reliable service for the

changed operational and technical requirements of the generation fleet.

The plan to add new generation resources creates potential to remove from service
existing generating units. This does not necessarily mean that we will remove generation
units from service on the identified dates. We may adjust dates based on further
optimization taking into account actual fuel costs and resource availability at the time of
the decision, and on the timing of proposed renewable energy and firm dispatchable
additions. A case-by-case evaluation will determine whether an existing unit will be
immediately retired, deactivated, used for seasonal cycling, or kept operational. The goal
is to manage these assets in a manner that provides maximum value for customers. If
removal from service is enabled through addition of new resources, a period of time for
the new resource to become reliable and proven will be accommodated before removal of

existing assets, if practical.

Hawaiian Electric’s Plan for Retiring Fossil Generation

M-4

Hawaiian Electric owns and operates 12 steam generating units ranging in age from 35
years to 69 years. All of these steam units are currently needed to meet adequacy of
supply criteria used for the O‘ahu grid. Therefore, they need to remain operational until
and unless new resources are installed that replace the capacity and ancillary services

these steam units provide.

Technically, these steam units could operate indefinitely as long as maintenance and
repairs are continued, which do have associated costs. To date, financial analyses taking

into account these costs typically show it is still cost effective to keep the steam

Hawaiian Electric
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generating units operating as long as they use a lower cost fuel than potential
replacement generation.! However, it is not realistic or practical to plan for an indefinite

lifespan of these older generating units for several reasons.

The capacity represented by the Hawaiian Electric steam units is necessary to reliably
meet the energy needs of O‘ahu. As units age, unforeseen and unpredictable problems
will arise more frequently, unless substantial capital renewal investments are made. This
will be exacerbated by the expected operational profile (for example, offline cycling and
potential intermittent periods of shutdown) will exacerbate this issue as the grid rapidly
transitions to high penetration levels of variable renewable energy. The steam units are
best suited for steady state, base load operations, not frequent ramping and cycling.
These factors will lead to more frequent unplanned outages, which unlike planned
outages can occur when the system does not have enough reserve capacity to reliably
satisfy the island electricity demand. As the units age, there is increasing likelihood of

unit outages resulting in generation shortfall.

The operations of the steam units will substantially change with the incorporation of
increasing renewable energy, requiring flexible operation to supplement variable and
renewable resources. Although measures have been taken to increase the flexibility of the
steam units to allow higher penetration levels of variable renewable energy, these
generating units cannot achieve the flexibility of other types of generation designed for
offline cycling, fast start, and fast ramping. Meeting system needs may require adding
new generating resources with these operational and technical capabilities , thereby
rendering some of the existing units unnecessary. If this occurs, a case-by-case analysis
would determine if certain existing steam units should be kept operational, used for

cycling, deactivated, or decommissioned.

In addition to other factors, the steam units are subject to existing and future
environmental regulations and requirements. Federal environmental regulations are
intended, over time to prevent the degradation of air quality by requiring older, higher
emitting electric generating units to retire or to install state of the art emissions controls.
It is possible that environmental regulation considerations may require Hawaiian Electric
generating unit changes (such as a switch to a higher cost fuel, or equipment retrofits, or
costly environmental controls). If environmental considerations require a significant
investment or change to higher-cost fuels, it is likely that replacement generation options

would then be cost effective.

Recognizing these issues, we established dates by which we believe it will be prudent to

install new generation resources, which also facilitates potential removal from service of

! The steam units use a #6 low sulfur fuel oil (LSFO), while new units are assumed to use readily available diesel fuel
because environmental regulations would not allow them to use LSFO. Since the year 2000, diesel fuel prices were
approximately 34.5% higher than LSFO on average.
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M-6

identified existing steam units. The governing philosophy in setting these dates was to

minimize and spread out increasing costs to customers while at the same time ensuring

installation of new generating units prior to experiencing major reliability issues with

existing assets. Identifying dates also allows us planning for ramped-down maintenance

on individual units, which typically starts six years prior to planned removal dates.

Based on assumed asset additions in the various resource plans, Table M-1 shows the

corresponding dates for which O‘ahu’s steam units can be considered for service

removal.

E3 Plan with Generation E3 Plan with LNG and
Date Post April PSIP Plan Modernization Generation Modernization

2022 AES*

AES*

AES*

2023 Waiau 3 & 4

Waiau 3 & 4

Waiau 3 & 4

2024 -

2025 Kahe 6

2026 =

Waiau 5 & 6

Waiau 5 & 6

2027 Kahe 1 & 2

2028 =

Kahe 5 & 6

Kahe 5 & 6

2029 -

Waiau 5 & 6

2030 Kahe 5

2031 -

Waiau 7 & 8

Waiau 7 & 8

2032 Waiau 7 & 8

2033 -

2034 Kahe 3 & 4

2035 -

Kahe 1 & 2

Kahe 1 & 2

2036 =

2037 -

2038 =

2039 -

Kahe 3 & 4

Kahe 3 & 4

* Technically, AES isn't being retired; we are allowing its Power Purchase Agreement (PPA) to expire without renewal.

Table M-I. Hawaiian Electric Generation Firm Generation Removal from Service Plans

To provide the most cost reduction to the customer, we plan to remove units in unit pairs

because they share one control room, operator staff, and common equipment. The

existing combustion turbine units, Waiau 9 and Waiau 10, are not in this removal plan

because their design provides the type of flexibility needed in the future high as available

renewable environment. However, these units are currently 43 years old and it may be

prudent to replace them during the PSIP planning period. Ongoing reliability of these

units and the cost to maintain that reliability will be measures of whether their

replacement should be included in future plans.

Hawaiian Electric Companies
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Hawai‘i Electric Light’s Plan for Retiring Fossil Generation

Historically, steam units provided the bulk of the island energy needs. As capacity needs
increased, gas turbines and combined cycle resources were incorporated onto the system.
These resources are more flexible and efficient than the steam units, but use a fuel which
often costs higher than that used in the steam units. Hawai‘i Electric Light owns and
operates three steam generating units ranging in age from 46 years to 51 years. Currently,
the steam units are in active operation as it is cost-effective for them to remain so. This is
because the current cost of the fuel used in the steam units results in lower production
cost than other energy resource options. When and if the fuel economics change to where
it is no longer cost-effective to operate and maintain the steam units, and they are not
needed for system reliability, the units will be removed from service. They would then
follow a transitional plan prior to consideration for retirement, assuming the cost of
maintaining and operating the unit to provide bulk power needs is not cost-effective at
the time of the decision, the unit is not required for adequacy of supply, and the unit is
not required for provision of reliable service. Adequacy of supply requires at least one of

the steam units be kept available until additional capacity is added to the system.

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 initially
provided fast-starting replacement reserves to restore under frequency load-shed
customers and support short-term energy needs, and 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.

However, these diesel engines and simple-cycle combustion turbines range in age from
19 years to 54 years. As such, it may be prudent to replace some of these assets during the
29-year PSIP planning period. Ongoing reliability of these units and the cost to maintain
that reliability will be measures of whether their replacement should be included in

future plans.

Table M-2 shows the units considered for removal from service and the corresponding
dates. While the E3 plans identify CT2 in 2040, this is the black-start resource for system
restoration located in West Hawai‘i and its removal from the system would require
addition of another West Hawai‘i resource capable of being similarly used to restore the
system from total outage. That would require a resource capable of remote startup by the
System Operator without station power and operating in isochronous (local frequency
control) mode. A black start resource must be capable of meeting load-changes occurring

during cold load pickup and transformer inrush currents. An option could be to add a
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black-start diesel to Keahole sized to support startup of CT4 and/or CT5 without

reconfiguration of auxiliary loads (the CT2 black-start diesel is not large enough).

E3 Plan with LNG;
Date Post April PSIP Plan E3 Plan E3 Plan with LNG Keahole & HEP LNG Conversion

2020 _ Puna Steam Puna Steam Puna Steam
Hill 5 & 6 Hill 5 & 6 Hill 5 & 6

2021 - = - -
2022 - = - _
2023 - = - -
2024 - = - _
2025 Puna Steam - = -
2026 - = - _
2027 Hill 5 - = -
2028 - = - _
2029 - = - -
2030 Hill 6 - = _
2031-2039 - = - -
2040 - CcT2* CT2* CT2*

* CT2 cannot be retired until replacement black-start resource is added to \West Hawai‘i.

Table M-2. Hawai'i Electric Light Firm Generation Removal from Service Plans

Maui Electric Retirement Plan

The four steam units at the Kahului Power Plant (KPP) will be retired upon the
installation of replacement generation capacity on Maui along with upgrades to the
transmission system no later than November 30, 2024 (discharges to receiving waters
cease after that under the KPP National Discharge Elimination System permit),
whichever occurs first. Current plans are to have the new capacity and transmission

upgrades in place by December 31, 2022.

While increasing flexibility is required from firm generation as variable resources
increase on the system and larger conventional plants are displaced from operation,
Maui Electric has a significant amount of flexibility with its existing fast start diesels and
combined-cycle combustion turbines. Additionally, the intent is for new generating
assets installed as replacement capacity for KPP and to satisfy near-term load growth to
have high levels of flexibility. Therefore, it is not a near-term priority to add new flexible

generation for the sole purpose of accommodating variable renewable generation.

However, these diesel engines and combined-cycle combustion turbines range in age
from 18 years to 65 years. As such, it may be prudent to replace some of these assets

during the PSIP planning period. Ongoing reliability of these units and the cost to
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maintain that reliability will be measures of whether their replacement should be

included in future plans.

Table M-3 shows Maui Electric’s schedule for removing existing fossil fuel generating

resources from service.

Post April PSIP Plan E3 Plan E3 Plan with LNG

2022 Kahului 1-4 Kahului 1-4 Kahului 1-4

2023 - - -
2024-2044 - - -

2045 - Ma'alaea 4-13 Ma'alaea 4-11

Table M-3. Maui Electric Firm Generation Removal from Service Plans

Background

KPP consists of four steam units totaling 35.92 MW (net) firm generating capacity with
units K1-4 installed in 1948, 1949, 1954, and 1966 respectively. When operating, these
units provide firm generation and contribute to system security by providing regulating

reserve, system inertia, and voltage support.

In May 2013, the State of Hawai‘i Department of Health (DOH) advised Maui Electric of
new requirements relating to cooling water discharge at KPP, impacting its National
Pollution Discharge Elimination System (NPDES) permit. As a result, Maui Electric
anticipated it would have to retire KPP by 2019, before having to meet the new cooling
water discharge requirements, or implement a solution that would meet NPDES
standards. This was reflected in the 2014 PSIP.

In late 2014, Maui Electric chose to pursue a 9.5-year compliance plan to be included in
the NPDES permit. Including the compliance plan allows Maui Electric to continue
operating KPP beyond 2019, and provides more time to secure replacement capacity and
complete the necessary transmission upgrades in Central Maui. The NPDES permit
containing the 9.5-year compliance plan was approved in June 2015, giving Maui Electric
until November 2024 to cease water discharges at KPP, effectively requiring that KPP be

retired at that time.

Potential alternatives (which would likely require modifying the existing NPDES permit)
to terminating the discharge of water from KPP (such as a cooling tower, deep ocean
discharge, and injection wells) all face a multitude of barriers (permitting, property
acquisition, and easements) that would jeopardize their ability to be completed before the
expiration of the NPDES permit. Indeed, given the discretionary permits as well as the
cooperation and coordination from other landowners, it is questionable whether these

solutions could be implemented at all.

Hawaiian Electric
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M-10

Other Considerations

In addition to addressing the concerns of the Commission regarding the curtailment of
wind energy and meeting environmental requirements, other factors further solidified

Maui Electric’s decision to retire KPP. They include:

Tsunami Mitigation: Given its location along the Kahului shoreline, KPP is very
susceptible to damage should Maui be impacted by a tsunami. As the need arises and is
appropriate, Maui Electric will replace generating assets with generating facilities out of
the tsunami inundation zone that will make the Maui grid more resilient against such a

natural disaster.?

Renewable Energy Integration: The reduction to base load generation on Maui associated
with retiring KPP and termination of the HC&S PPA will provide additional headroom
for accepting variable renewable energy. Quick starting units will be sought as part of the

solution to replace KPP’s generating capacity, allowing greater operational flexibility.

Replacement Generation

Absent any replacement capacity, the retirement of KPP will result in a reserve capacity
shortfall of at least 40 MW. Meanwhile, system peaks on Maui have been trending
upward, driving the potential need for even more future capacity. To ensure adequate
generating capacity for Maui’s customers, Maui Electric, on May 5, 2016, requested the

Commission open a docket to initiate procuring the necessary capacity.

A portion of the replacement capacity is planned to be located in South Maui to address
that area’s existing under-voltage risks. The generation would serve as a
non-transmission alternative (NTA) to upgrading the transmission line serving South
Maui. (The upgrade has received significant community opposition because of the

aesthetic impact of upgrading the line.)

Our planning process considered a number of options for the replacement capacity for
KPP. Ultimately, the resource will be selected based on the option that provides the best

value to Maui Electric’s customers.

Besides procuring replacement capacity, Maui Electric will continue to pursue
non-generation alternatives to help meet the island’s capacity needs, while minimizing
future traditional generation. These alternatives include, but are not limited to, demand
response, time-of-use rates, and energy storage. As a temporary near term measure, Maui
Electric has begun the procurement of just under 5 MW of DG to be located at the
Kuihelani substation in central Maui. An application for approval for the DG units was

submitted in September 2016 to the Commission.

2 Both KPP and Ma‘alaea Power Plant are located in the tsunami inundation zone. As a result, the threat of damage
from a tsunami plays in a role in Maui Electric’s decisions on where to locate future generation or other assets.
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Central Maui Transmission and Distribution Project

The Central Maui region plays a critical role on the island of Maui as it is the center of
government and commerce. The Central Maui region is served by both the 69kV system
and the 23 kV system with power provided by the Ma‘alaea Power Plant (MPP) and KPP.
The KPP retirement primarily impacts the 23kV system, which serves the areas of
Kahului, Wailuku, and Wai‘ehu. Over 13,000 Maui Electric customers are on the 23 kV
system, including University of Hawai‘i Maui College, Baldwin High School, Maui High
School, Maui Mall, Community Clinic of Maui, Armory Reserve, Maui Arts & Cultural
Center, Hale Makua, Maui Beach Hotel, Maui Sea Side Hotel, Wallace Theaters, Maui
VET Center, War Memorial Stadium, Nan Inc., Sack N Save, Foodland, Young Brothers,
State of Hawai‘i Department of Transportation Harbors Division, County of Maui water
facilities and waste water treatment pumps, Central Maui Landfill, and Ameron. It is

imperative to continue to provide reliable, electrical services to this area.

After retiring KPP, the Central Maui load on the 23 kV system will be served primarily
by MPP, and the Kaheawa and Auwahi windfarms via the capacity-constrained
MPP-Waiinu and MPP-Kanaha 69 kV transmission lines. The 69kV transmission lines
serving Central Maui need to be modernized and upgraded to ensure continued system
reliability for the Central Maui region. In addition, the 23 kV system in Central Maui has
three 69/23 kV transformers that connect the 23 kV system and the 69 kV system. These
transformers are located at Waiinu, Kanaha, and Pu‘unene substations. The loss of either
the MPP-Waiinu 69 kV or the MPP-Kanaha 69 kV transmission lines (that is, defined as a
N-1 contingency) during higher system load conditions results in under voltages and

thermal overload conditions.

Under these contingencies, there is the potential for overloads to occur on the remaining
transformers, depending on the load. If too much power is being transferred to the 23 kV
system from the 69 kV system, the system may not be able to manage the transfer and
could experience a voltage collapse and/or load shedding scenarios if further system
disturbances or unanticipated load increases in the Central Maui region occur. To
support the retirement of KPP and as part of grid modernization efforts, Maui Electric is
proposing to upgrade the existing 23 kV Waiinu-Kanaha line to 69 kV (which includes
69 kV upgrades to the existing Waiinu and Kanaha substations). This is a major addition
to the existing Kahului Substation, and a reconductoring (that is, increasing the
transmission line capacity) of the existing MPP-Waiinu and MPP-Kanaha 69 kV

transmission line.

These upgrades address the required N-1 Transmission Planning criteria, maintain
required voltage limits, strengthen and complete the critical 69 kV link for Central Maui,
and allow for continued and reliable service under contingency conditions (that is,

during system maintenance and forced outages) and higher system loads.
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The Kahului Power Plant Retirement-Comprehensive Assessment (included in the 2014
Maui Electric PSIP) provides the technical analysis to locally reduce the amount of load
and help with the voltage issues on the 23 kV system. In addition to upgrading the
transmission system, we considered NTAs such as internal combustion distributed
generation (DG), battery energy storage system (BESS), and synchronous condensers.
The analysis, however, concluded that upgrading the transmission and distribution

system is the most technically sound and viable option.

To more thoroughly investigate NTA options, a third-party NTA study was conducted in
a joint effort by the engineering and planning firms of Tetra Tech and CH2M Hill. The
NTAs assessed included:

11 Firm dispatchable distributed generation (FDDG): similar to conventional generation,

available to the utility for immediate dispatch
11 Dispatchable standby generation (DSG): emergency generators
11 Photovoltaic and battery (PV/battery): combination
11 Firm dispatchable generation/battery energy storage systems (FDG/BESS)
11 Synchronous condensers
11 Static capacitor banks

11 Demand response (DR)

The Tetra Tech/ CH2MHill report identified FDDG as the only feasible non-transmission
alternative that would effectively address the contingency overload and under voltage
conditions in Central Maui. The Tetra Tech/ CH2MHill report concluded that the only
NTA that addresses the loss of generation from KPP, supports voltage stability, and
prevents thermal overloads is the addition of new FDDG on the 23 kV system
strategically located to serve the Kahului, Waiinu, and Wailuku areas. A potential site
was identified in the Central Maui area; however, the County of Maui indicated that it
does not consider FDDG in the Central Maui region as a viable NTA citing noise, traffic,
and emissions concerns. Similarly, a major real estate developer noted their concerns
with the placement of FDDG in the Central Maui area citing impacts to future residential

development plans.

In addition, the FDDG option requires major transmission line upgrades from the FDDG
to the existing transmission system, as well as a redundant transmission line tie-in (to
address the N-1 criteria) to the existing 23kV system. Without the NTA /FDDG option,
Maui Electric will need to upgrade the existing 23 kV system.

As part of the project analysis, a NTA Business Case was conducted by Accenture and it
recommends the CMTD Project as it provides the highest Benefit Cost ratio and provides

greater engineering certainty. Based on stakeholder input, a secondary NTA Business

Hawaiian Electric

Hawaiian Electric Companies O—9—@ wauiEiectric

Hawai‘i Electric Light



M. Component Plans
Fossil Generation Retirement Plan

Case will be initiated in first quarter 2017 and is targeted for completion in second
quarter 2017. The secondary NTA Business Case will review NTA system level and
ancillary benefits, factor in the costs of environmental permitting, land, transmission line
and substation interconnection costs (based on location), as well as integrate a risk

analysis component.

Based on technical and Business Case analyses completed to date, the Central Maui
Transmission and Distribution project (CMTD) provide the most certain path toward
ensuring continued reliability and operational flexibility in the Central Maui area. From a
cost and technical solution standpoint, other NTA options are more uncertain regarding

the potential to provide the necessary remedies before retiring KPP.

The CMTD project is currently in the detailed planning, engineering, and permitting
phase, and the Environmental Impact Statement (EIS) process is currently underway

with construction scheduled to start in early 2020.

Completing the CMTD and acquiring replacement generation capacity are both targeted
for completion by the time KPP is scheduled to retire in 2022. Given the magnitude and
complexity of both of these projects, the target KPP retirement date provides a prudent
amount of schedule flexibility ahead of the 2024 expiration of KPP’s NPDES permit.
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GENERATION FLEXIBILITY PLAN

Hawaiian Electric: Increasing Operational Flexibility of Existing Steam Generators

Hawaiian Electric has implemented a number of initiatives to improve the flexibility of
the existing base loaded steam units. The approach reviewed procedures and policies,
past studies, and industry guidance. More specifically, instead of just identifying projects
that would enhance flexible operations, Hawaiian Electric asked these questions for our

evaluation:

11 What type of operational needs does the system need?

11 What can existing generation do to meet those needs in the short term?
Some operations will have long term consequences. However, these consequences
could be insignificant if plans for modernized generation are implemented.

11 What are the limiting factors that prevent such operations?
Some factors are technical. What can we do to modify operations, procedures, etc. to
avoid hitting technical limits?

11 Do new or current system conditions make old limitations and policies obsolete?
What practices, policies, rules can be modified to support flexible operations.

11 What projects can be implemented to enhance, support, or improve flexible
operations? Or, if necessary, what projects are necessary to make flexible operations

possible (issues that could not be resolved with attempts asked above).
In response to these issues, Hawaiian Electric focused on improving flexibility in the
following areas:
11 Low load operation (improving turndown)
11 Ramp rate improvements

11 Developing a process to cycle reheat units on and offline

Enhanced Low Load Operation

Hawaiian Electric validated low load operations and looked for areas of improvement.
During discussions and problems solving events, the company realized that if it could
lower unit load even further than initially expected, it could provide nearly the same
system benefit as cycling operation, in terms of allowing more variable generation, and at
the same time provide system reliability services while minimizing cycling wear and tear

on the units.

.. . . g Hawaiian Electric
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From that point, the company researched what is the lowest load that the turbine and
generators could safely support. From there, what operational practices would need to be

changed in order to achieve such low load?

Hawaiian Electric quickly learned that a realistic enhanced low load of 5 MW gross® was

possible and has various benefits over on and off cycling.

11 Results in 2-3MW of net generation. Nearly the same as being offline.
11 Less thermal cycling of plant components.

11 Will provide ancillary services to the system:

11 Response to system disturbances

11 Frequency regulation

11 Quicker restoration compared to cycling

11 Voltage support

11 Short circuit current

11 Depending on the duration of operation, burns the same or less fuel as a unit cycling

on and offline.

Following the June 2014 test on Kahe 3, Hawaiian Electric focused on establishing testing
schedules and procedures for operating the small reheat units at new low loads. The low

load targets were set at 5 MWg.

Again, Hawaiian Electric took a holistic approach to the low load operation. For example,
Hawaiian Electric had a long-standing policy to always operate with all burners in
service. The requirement was based on maintaining the ability to pick up load and
respond to system disturbances. After analyzing those requirements, the company
determined that system conditions are now different and the customer is best served by

modifying the existing policy and procedures.

In other cases the company examined the technical limits. Steam and turbine metal
temperatures had historically been limiting factors. The department explored, tested and
implemented a new operating control called hybrid variable pressure operation (VPO).
In true variable pressure operation, the boiler and throttle operating pressure is reduced
until the turbine governor valves are wide open. Changes in load are then accomplished

by changing boiler and throttle pressure.

This type of control has the benefit of improving efficiency and helps minimize thermal
stresses on the turbine. However, this type of control is not proper for the Hawaiian

Electric system as the units respond to slowly to changing demands or system upsets.

¥ Gross MW includes generation used to supply the unit's own electric load. Net load refers the actual export to the
system.
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With the “hybrid” approach, Hawaiian Electric operates at normal boiler and throttle
pressures above 30 MW. When asked to reduce load to less than 30 MW, the Department
slides boiler and throttle pressure linearly as load drops. This mode of operations allows
the Department to maintain current operating characteristics at normal operating loads
but allows the unit to achieve new lower loads while meeting required turbine operating

parameters.

The low load operation has the various benefits previously described and has greatly
enhanced the ability to add variable generation to the system. Table M-4 shows the

magnitude of difference.

Normal / Historic Low Load | Enhanced Low Load | Change in Minimum Load

Kahe 1 30 MW 5 MW 25 MW
Kahe 2 30 MW 5 MW 25 MW
Kahe 3 30 MW 5 MW 25 MW
Kahe 4 30 MW 5 MW 25 MW
Waiau 7 30 MW 5 MW 25 MW
Waiau 8 30 MW 5 MW 25 MW
Total Reduction in Hawaiian Electric Minimum Load* 150MW

Table M-4. Hawaiian Electric Total Reductions in Minimum Loads

On/Off (Daily) Cycling

Hawaiian Electric also examined the cycling of reheat units. As mentioned, the initial test
in June 2014 was an online/ offline cycling test. During that test the Department proved
that “hot” cycling of the small reheat® units could be performed daily, and that the units
could start reliably daily. Total start time from initial fires to firm generation is

approximately 3.5 hours. Longer shutdowns, such as weekends, result in longer starts.

Hawaiian Electric believes that the focus and immediate needs are best served with the
enhanced low load operation for the reasons previously discussed and that is where the
focus to date has been. With that said, Hawaiian Electric is confident in the ability to
cycle the small reheat units if it becomes necessary. The ability to cycle will revolve
around procedure enhancement and practicing shutdown and startup techniques to
minimize thermal stresses. The ability to properly estimate when the unit will return to
service allows establishing shutdown conditions that minimize startup time and stress.
Some unit modifications are being considered to facilitate cycling and improve long term

reliability. These projects are not necessary to cycle in the short term but would facilitate

* Based on theoretical operation of all six units at new enhanced minimum load. Other system requirements, such as
system ramp rates, may or may not allow for all six units to operate simultaneously at the new enhanced low loads.

5 Kahe units 1-4 and Waiau units 7 and 8 are considered small reheat units. Kahe units 5 and 6 are considered large
reheat units.
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such operations over time. Projects are to be considered based on benefit, cost, and in

consideration of the generation modernization plan.

Hawaiian Electric estimates that the breakeven point between enhanced low load
operation and cycling is about five hours based on fuel expenses alone and depending on
the specific unit. The breakeven point would be longer than five hours when including

maintenance cost and reliability issues.

Consequences of Low Load Operation and Cycling

Operation at the enhanced low loads does have some consequences. Operationally, the
unit is not immediately available for full load operation. With the boiler/throttle
pressure reduced and multiple burners out of service the unit needs time to restore to full
capabilities. Based on boiler and throttle pressure ramp rate limits the restoration time is
1.5 hours. However, the unit is available for increasing amount of load throughout the

recovery period.

Ramp rates are also affected. While operating at the enhanced low loads the units can
ramp at the traditional ramp rates but not the new, higher ramp rates achieved as part of

the flexible operation initiative discussed in the following section.

In addition, it is expected that maintenance cost will eventually rise do to the cyclic

thermal and pressure stresses. However, these thermal and pressure cycles are smaller
than if the unit was to be cycled on and offline. Nonetheless, industry evidence shows
that maintenance cost associated cycling or larger load following events is expected to

increase.

Future maintenance costs are also expected to be measurably higher with enhanced low
load or cycling operation. Enhanced low load and cycling operation causes increased
pressure and temperature cycling on boiler and turbine pressure components. These
cycles increase both in terms of frequency and magnitude. These increased stress cycles
result in damage from corrosion fatigue, thermal and mechanical fatigue, creep, stress
corrosion crack, and others. For example, hot starting a reheat unit results in thermal
quenching of the economizer. In addition, some valves will have increased wear from
cycling operation. For example, boiler feed regulating valves and boiler feed pump
recirculating valves are expected to have higher maintenance cost associated with
increased use at the extremes of their design. With more operation with lower mass flow
through the boiler, boiler tube deposition and associated failure events are expected to
increase. Essentially, increased flexibility provides immediate benefits to the system but

will result in future increases in maintenance expenses.

It should be noted that heat rate (efficiency) is poor during the enhanced low load

operation. Generally heat rate is higher the lower the load. However, due in large part to
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National Fire Protection Association (NFPA) requirements regarding minimum boiler air
flow, heat rate increases exponentially below about 25 MW. This high heat rate affects the
system LSFO heat rate.

Cycling operation also affects the heat rate of the units. The fuel used for startup
operation causes measured heat rate to increase. Increasing the number of starts on the

reheat heat units will also affect system LSFO heat rate.

Ramp Rates

Hawaiian Electric has also worked to improve the ramp rates® of existing generating
units. Power Generation had previously tested higher ramp rates. Based on that testing
and an understanding of equipment limitations, the following ramp rate improvements

were made:

Old Normal Ramp Rate | Future Normal Ramp Rate
Unit (MW/Minute) (MW/Minute)

Kahe 1 2.3 40
Kahe 2 2.3 4.0
Kahe 3 23 50
Kahe 4 2.3 50
Kahe 5 25 40
Kahe 6 25 4.0
Waiau 7 30 40
Waiau 8 3.0 4.0
Waiau 3 0.9 0.9
Waiau 4 0.5 05
Waiau 5 30 3.0
Waiau 6 3.0 30
Total 216 414

Table M-5. Hawaiian Electric Ramp Rate Improvements

The table above represents a 13.8 MW per minute’ improvement of steam plant ramp
rates. These improved ramp rates represent the ability existing units to respond to
changes in wind and or solar generation. The ramp rates for the cycling units were not
changed. Waiau 3 and 4 are of an age and material condition that does not support
increasing ramp rates. Waiau 5 and Waiau 6 have high ramp rates as a percentage of

their size.

8 Ramp rate is the rate at which generator load can be changed, measured in MW/min.

T Assuming all listed units were online at their normal operating modes. During most operating periods all units are
not online and increased amounts of variable generation will likely result in more units offline or operating in hybrid
variable pressure operating mode.
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Kahe 3 and Kahe 4 have modern turbine control systems. This modern control system
allows them to operate in what is referred to as “coordinated control”. In this operating
mode the turbine and boiler operations are coordinated and allow for improved control
of the unit with higher ramp rates. Kahe 1, Kahe 2, and all the Waiau units operate in
“boiler follow” mode. In this mode the turbines respond to demand. The boiler control
system senses a change in pressure and fires up/down to correct the pressure variance.
In this mode, larger ramp rates challenge the control systems abilities to increase load
while maintaining environmental compliance. For that reason they will have a lower
ramp rate than Kahe 3 and Kahe 4. Kahe 5 and Kahe 6 turbines have an old analog
control system that does not easily accommodate coordinated control and therefore the

units also operate in boiler follow.

It should be noted that the new higher ramp rates do not apply while operating in
enhanced low load mode. The benefits of the ramp rate improvements only apply at

normal operating conditions.

Conclusion

Flexible operations improvements are critical for the short term ability to adapt and
support increased levels of variable generation. Photovoltaic systems have already
impacted day time operations. The daily load profile has been altered by the amount of
variable penetration on the system during the day. In 2016 there were numerous
occasions where one or more small reheat units were dispatched to the enhanced low
loads during morning and afternoon hours. Likewise, there were a number of occasions
where one or more small reheat units were dispatched to the enhanced low loads during
overnight hours to avoid curtailment of wind. As the magnitude of variable generation
increases the existing Hawaiian Electric generators will continue to play an important

part in maintaining system reliability and stability.

These new operating improvements will not come without cost. Future maintenance
costs are expected to rise as the units experience increased amounts of thermal and
pressure cycles. These operations are considered short term solutions until better-suited,

modernized generation can replace the existing generating units.
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Maui Electric Generation Flexibility Plan
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Maui Electric has implemented many changes in our generation fleet to increase
flexibility and renewable integration. These have previously been described in our
System Improvement and Curtailment Reduction Plan (SICRP) and subsequent annual

updates. These changes included:

11 Implementing the Maui Operation Measures.

11 Reducing the number of baseload units.

11 Reducing prior run times of KPP units 1 and 2.

11 Lowering of the minimums on KPP units 3 and 4.

11 Studying and implementing new regulating reserve requirements.

11 Automating curtailment though our Automatic Generation Control (AGC) system.

11 Low load modifications to DTCC 1.

The existing Maui Electric generation fleet has operating characteristics that are quick
starting, flexible, fuel-efficient, and dispatchable to accommodate the integration of
existing and additional variable renewable energy resources without significant
curtailment.® Quick-starting generation has the ability to remain offline until it is required
to support the system (such as during a large down ramp event when the wind or solar
resources suddenly become unavailable). Other units that may need additional time to
start and connect to the system will need a resource to bridge the time required to supply
generation (for example, demand response and energy storage). Flexible generation
refers to units that can be held offline until called upon for generation, allowing us to

maximize variable renewable generation.

Roles of Current Generation

Kahului Power Plant. Kahului Power Plant consists of four steam units (K1, K2, K3, and
K4) that provide firm generation, regulating reserve, system inertia, reactive power and
voltage support for Central Maui, and is the primary source of fault current for the 23 kV
system. These units burn an industrial fuel oil that is lower cost than diesel. K1 and K2
units were deactivated on February 1, 2014, however, they have been taken off

deactivated status in 2016 due to system needs.

Ma‘alaea Power Plant. Ma‘alaea Power Plant has two dual-train combined cycle units
(DTCC1 and DTCC2). These units provide firm generation, regulating reserve, and
system inertia, and can start and provide generation in a relatively short time period.
When operated in the dual-train combined cycle configuration, these units are the most

efficient generating resources on Maui. DTCC 1 is a must-run generating unit that

¢ The thermal generation fleet on Lana'i and Moloka'i is comprised of flexible, quick-starting units.
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contributes to system security. Modifications are in progress and planned to be
completed in January 2017 to allow it to operate at a lower capacity minimum level. This
will allow more opportunity to integrate variable renewable energy when available.
DTCC2 was changed from a baseload unit to a unit that can be operated in combined
cycle or simple cycle mode when there is a capacity need or when renewable energy is

not available.

Ma‘alaea Power Plant also has fifteen internal combustion diesel units (MX1, MX2, M1,
M2, M3, M4, M5, M6, M7, M8, M9, M10, M11, M12, and M13). These units provide firm
generation and regulating reserve. These units can start and provide firm generation in a
relatively short time period. Five of these units (MX1, MX2, M1, M2, and M3) are quick-
starting units that can be used for emergency and as a transition unit to starting a larger
diesel unit. (MX1, MX2, M1, M2, and M3 units do not contribute regulating reserves
when they are online because they run at top load). These units will remain offline and
be available for contribution to system security and system load as needed after other
offline non-fossil fuel resources (such as DR and energy storage) have been used to its
fullest availability. Generator controls were upgraded on four of the diesel units to enable
remote monitoring and operation of the generating units for better response to system
disturbances and system demands because of the increase in variable renewable

resources on the system.

DTCC1, DTCC2, and M4-M13 units have operating ranges that can ramp up and down
to accommodate fluctuations in the availability of variable renewable energy and/or

system load.

Hana. Hana has two internal combustion diesel units that provide firm generation and
primarily provide support to the Hana area during transmission maintenance and

system disturbance. These units will continue to be operated to support the Hana area.

Lana‘i-Miki Basin. Lana‘i has a centralized generating station with nine internal
combustion diesel units that provide firm generation, frequency response and regulating
reserves, system inertia, reactive power and voltage regulation, and the primary source
of fault current for the system. These units can start and provide generation in a
relatively short time period. Generator control upgrades were completed in 2015 to
enable remote monitoring and operation of the generating units. Maui Electric also has
an agreement to operate a combined heat and power (CHP) unit that is expected to
return to service in 2017. The Lana‘i system does not have AGC and, therefore, the
demand for electricity is shared equally between the online units in an isochronous mode

of operation.

Maui Electric runs a minimum number of baseload units on Lana‘i, typically two. The

CHP unit can replace one of the two diesel units that provide baseload power for the
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system at Miki basin. When additional units are needed, they are committed in the most

economical order given operational constraints.

Maui Electric applied for and is awaiting approval from DOH for modifications to our air
permit that allow lower minimum operating levels on the baseload units to

accommodate the addition of more renewables to the system.

Moloka‘i-Pala‘au. Moloka‘i has a centralized generating station with nine internal
combustion diesel units and one diesel combustion turbine that can start and provide
firm generation, frequency response and regulating reserves, system inertia, reactive
power and voltage regulation, and is the primary source of fault current for the system.
These internal combustion diesel units can start and provide generation in a relatively

short time period.

Maui Electric currently operates with two baseload units on Moloka‘i because this is the
lowest number of base loaded units that satisfy our single contingency criteria. When
additional units are needed, they are committed in the most economical order given
operational constraints. The Moloka‘i system does not have AGC; therefore, the demand
for electricity is shared equally between the online units in an isochronous mode of

operation.

Maui Electric applied for and received approval from the DOH for modifications to our
air permit that allow lower minimum operating levels on the baseload units to
accommodate the addition of more renewables to the system. In addition, generator
control upgrades have been completed that enable remote monitoring and operation of

the generating units.

Hawai‘i Electric Light Plan for Increasing Generation Flexibility

M-22

Hawai‘i Electric Light has analyzed the operation of existing resources and planned
resources. The operational plans incorporate the results of consulting work to evaluate
optimization of existing resources, and build upon previous cycling and turndown
studies (including the outcome of the RSWG studies), Electric Power Research Institute
(EPRI) publications, and other industry literature. We have taken a holistic approach to
operational flexibility and have incorporated into our operational and planning processes
procedures and policies enabling generation flexibility. The present utilization of
dispatchable generation reflects substantial changes from past use in order to
accommodate increased renewable energy, including variable wind and solar. There is
increased offline cycling, increased ramping, and reduced minimum dispatch limit while
retaining ramping capability. The more recent generation additions, such as the
combined cycle facilities at HEP and Keahole, incorporated flexibility features into their

design.

Hawaiian Electric
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The historical operation of the Hawai‘i Electric Light system included a fleet of fast-start
generators; these have been leveraged as flexible resources that have proven invaluable

in reliable integration of a large amount of wind and distributed solar PV energy.°

In the analysis performed after the 2014 PSIP and identified as necessary measures in that
filing, security and reliability studies identified the need for increasing contingency
reserve requirements of reliable operation of the power system with existing and
increasing levels of DG-PV. As part of our action plan, energy storage will be added to

the mix of resources to provide.

Hawai‘i Electric Light has implemented many changes in the operation and capabilities
of existing generation assets, to support increased levels of renewable energy and

maintain acceptable cost and reliability.

11 Lowering of the dispatch minimums on Hill 5, Hill 6, and Puna Steam to reduce

excess energy issues and enable greater acceptance of variable renewable energy.

11 Increasing ramp rate and primary frequency response for Hill 5, Hill 6, and Puna

Steam to improve contribution to frequency response and regulation.

11 Adjusting regulating reserve requirements based on real-time observation of
variability: maintain low levels of reserve for quiescent conditions and higher levels of

reserve for variable wind and solar conditions.
11 Incorporating variable solar and wind forecast into unit commitment decisions.

11 Implementing of centrally controlled curtailment for larger distributed solar and FIT

projects.

11 Adding of remote control curtailment for the Wailuku River Hydro project. Offline
cycling of Puna Steam and Hamakua Energy Partners, after confirming (through

analysis) that acceptable reliability could be maintained.

11 Incorporating dispatch control into the Puna Geothermal Venture expansion, and

increasing the potential geothermal capacity by 8 MW.

The results of past security analysis produced minimum criteria for system reliability for
generation units. With that information, units not necessary for system security and
reliability are subject to economic unit commitment dispatch, with consideration of the
incurred daily cycling costs. The present system operation at Hawai‘i Electric Light
incorporates routine daily cycling of the Hamakua Energy Partners (HEP) combined
cycle plant. Puna Steam was, for a period of time, cycled on a seasonal basis: left offline
with preservation measures for extended periods and brought back online when needed

to ensure adequate capacity. Based on the present low cost of its fuel, Puna Steam can

® For more details, see Exhibit 11: Generation Flexibility Plan, Docket No. 2012-0212, Hawai'i Electric Light, Inc.
Power Supply Plan, filed April 21, 2014.
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economically serve demand provides routine peaking energy in addition to operating to

maintain adequate margins.

There have been occasional adequacy of supply issues created through increasing offline
cycling. The present operation represents a significant reduction in the number of fossil
generation units historically operated and relies more upon cycling. The reliability
impacts from the increased cycling of generating units occur due to the increased
potential for shortfall from the delay in startup or startup failure, and the reduction of

capacity available quickly during periods that Puna Steam is in layup.

In addition to managing online variability (which requires ramping and reserve capacity
online), it is increasingly difficult for the System Operator to determine when to start and
stop generation due to the increased uncertainty in demand to be served. This is called
“unit commitment”. Unit commitment decisions seek to bring the mix of generation
online that can reliable meet demand at the lowest cost. The commitment of generation
has been complicated by the large amount of variable energy from wind and solar, the
latter of which continues to increase. To facilitate operation, state-of-the art forecasting
tools are now integrated into the control room. These tools continue to be refined based
on site visits from the developer and feedback from the system operators. Nonetheless,
there remains a great deal of uncertainty in the forecast, which can lead to under- or
over-committing the generation. Under-committing occurs when production is lower or
a down-ramp occurs, and may lead to a generation shortfall and the need for
supplemental or emergency generation. Over-committing occurs when production is
higher than expected, and can lead to inefficient dispatch (higher cost), and may
contribute to excess energy conditions requiring mitigation by reducing renewable

energy or taking generation offline.

Expanded Turndown Range

Hawai‘i Electric Light improved the turndown of its steam units to lower loads.
Minimum dispatch limits were reduced through various plant modifications including
combustion controls and equipment. The following reductions were made from the
levels in 2012. The Hill 5 minimum regulation limit was reduced from 9 MW to 5 MW.
The Hill 6 minimum regulation limit was reduced from 16 MW to 8 MW. The Puna
Steam regulation limit was reduced from 8 MW to 6 MW. The minimum regulation
dispatch limits for other significant units are 27/22 MW for Puna Geothermal and 9 MW
for Keahole and HEP in single-train. Dispatch limits (continuous operation limits) are
typically one MW higher than the regulation limit for most of the resources. In the case of
the Puna Geothermal Venture facility, dispatch of the facility is presently unable to meet
the requirements for regulation under automatic generation control. They are actively

working on increasing remote control capability, following restoration of capacity which
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had been lost due to well impacts that occurred during the plant outage following

Tropical Storm Iselle.

Fast-Start and Peaking Resources

Existing generation resources provide a significant amount of fast-start, fast-ramping

capability. The resources consist of small diesel units and simple cycle gas turbines

For supplemental and emergency purposes, including to cover for forecast errors,
Hawai‘i Electric Light has available 46.3 MW that can be started in 20 minutes or less, and
29.5 MW from small diesel units that can be brought online in 2.5 minutes or less. These
units are increasingly used to cover for start-failure of cycled units and short-term
generation needs caused by forecast errors. The availability of these units allows the
operator to adjust generation quickly in response to changes in net demand. They are

also used to restore under-frequency load shed.

The existing available capacity for fast-start resources is sufficient to meet supplemental

reserve requirements.

The System Operators are increasing using the simple cycle peaking unit CT3 to manage
the change in demand created by variable distributed solar. The impact of distributed
solar-PV creates a short-term need for generation to meet the increase in demand
(morning load rise). Due to the impact of distributed solar, the highest daytime peak can
occur any time between 7 and 9 in the morning before PV production begins. When the
solar production is uncertain, or when it is predicted to be significant, the system
operators will commit CT3 for the short-term need, rather than HEP or Keahole
combined cycle train to avoid starting a combined cycle unit for only a short period.
Although combined cycle units are more efficient, they take longer to come online. In the
case of HEP, under the PPA terms the System Operator may only start each train once
per day, so once the unit is started it has to be kept online unless it is not expected to run

for the evening peak

Frequency Response, Regulation, and Ramp Rates

Generators and technologies differ in their ability to contribute to essential grid services.
To best meet system needs for frequency response, regulation, and ramping, new
resources are required to provide these capabilities to maintain system security and
reliability. Moreover, where possible, ramping and regulation capabilities must be
provided or improved from existing resources. As part of continuous improvement
initiatives, ramp rates were increased for all the utility-owned steam units since
mid-2012. Increased dispatch range also improves regulation capabilities by allowing a

larger contribution of a generator to both up and down reserve.
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As part of its expansion to 38 MW, Puna Geothermal Ventures (PGV) changed its facility
characteristics from a passive energy source to one that provides frequency response,
voltage response, and dispatch under Automatic Generation Control (AGC). PGV
however presently has only limited primary frequency response and capability to
operate under AGC. The rate and range of response has been limited both because of
controls issues since Tropical Storm Iselle. Hawai‘i Electric Light plans to continue
working with PGV in increasing its operational flexibility, following its restoration to
34.5 MW capacity (following its deration after Hurricane Iselle) and achieving 38 MW,

which is anticipated to be within the next few months.

Analysis including new firm capacity renewable resources assumed that they would
provide grid services comparable to similarly sized conventional plants. To achieve 100%
renewable generation with acceptable reliability, a renewable resource must provide the
system reliability requirements presently met by the generating units at Keahole Power
Plant (through a similar operational and technical capabilities and a location near to
Keahole) and support east-west power flows and voltages without requiring significant

transmission infrastructure.

Future new utility-scale variable generation (such as planned wind plants) will also be
designed to incorporate technical and operational capabilities available in present day
wind plants, including inertial response, ramp rate control, frequency response, active
power control, and disturbance ride-through to contribute to grid operational
requirements, mitigate impacts of the variability, and lesson the need for other resources

to provide such services.

Because of the impacts of DG-PV, increased contingency response (that is, fast frequency-
responding reserves) and fast-ramping regulating reserves are required, plus ride-
through capabilities from DG-PV. To meet these needs, an energy storage system with
response capabilities in excess of generation capabilities will be added to the system to
provide contingency reserves. To meet the faster ramping capabilities, the fast ramp

capabilities of the existing combustion turbines will be leveraged.

Hawaiian Electric
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MUST-RUN GENERATION REDUCTION PLAN

Integrating renewables into our system needs to be accomplished safely and reliably. As
discussed earlier, improving the flexibility of the generating fleet is an important piece to
integrating larger amounts of variable resources. Maintaining system security is also very
important because without it, the ability of the system to withstand sudden disturbances
is compromised. System security is maintained by operating the system with sufficient
inertia or fast frequency response, or primary frequency response, limiting the
magnitude of the contingency event, maintaining adequate contingency reserves and
maintaining system fault current; at times requiring the system operator to sacrifice

efficiency for reliability.

The approach taken in this PSIP update was to define and determine the amount of
technology-neutral ancillary services for meeting reliability criteria instead of relying on
must run generating units. This allows other resources to be used to provide the
necessary ancillary services to make the system secure if them meet the requirement
defined by the analyses. Demand Response programs, Distributed Energy Resources,
and fast frequency response storage technologies could be used to provide the ancillary
services and would displace the need to run firm generating units which would provide
headroom for more renewables on the system. Variable renewable energy resources
added in the future will provide upward and downward reserves. Synchronous
condensers will also be used to provide reactive power and the required system fault
current to operate protective relays in lieu of generating units. Together, this will reduce
the system requirement for requiring generating units to be run to make the system safe

and reliable.

It's important to note that maintaining a minimum capacity of fault current ensures
protective relay schemes will operate. This does not ensure that the system has sufficient
fault current to maintain transient voltage stability. The companies must perform
analyses to determine an acceptable short circuit ratio (SCR) at critical busses to maintain

transient voltage stability. The utility industry has yet to develop a standard for SCR.

Removal of a must run generating unit constraint assumes the resources that provide the
fundamental grid services (inertia, frequency response reserves, reactive power, fault
current) are online in sufficient quantities to ensure system stability and public and
equipment safety. If these resources are not available, system security must be provided

by synchronous generators.

The Companies filed a “Value of Services Methodology” in Docket No. 2015-0412 on

December 14, 2016 at the Commission’s request. This document described the
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assumptions and modeling methodologies to be used to value each of the grid services
pursued by the demand response portfolio in as technology-neutral a manner as

possible. The Companies plan to file a Revised DR Portfolio filing in February 2017.

Hawaiian Electric

The analysis conducted for the Hawaiian Electric system assumed that there would be no
must run generating units from 2019 except for HPOWER and AES to comply with
current PPA contract terms. The system security analysis was performed on the PLEXOS

cases as described in Appendix O: System Security Analysis.

Hawai‘i Electric Light

Maui Electric

M-28

The analysis conducted for the Hawai‘i Electric Light system assumed that there would
be no must run generating units from 2020 except for PGV to comply with current PPA
contract terms. The system security analysis was performed on the PLEXOS cases as

described in Appendix O: System Security Analysis.

Results of the QV analysis indicates that cycling Keahole offline could trigger an
overload condition on L6200 for an N-1 contingency. Sensitivity analysis to install
synchronous condensers at Keahole did not mitigate the overload condition. Sensitivity
analysis was also performed with L6200 operating at a higher ampacity that resulted in
no overload condition and no requirements for synchronous condensers at Keahole. The

L6200 Transmission Line Rebuild project is in Hawai'i Electric Light’s action plan.

The analysis conducted for the Maui system assumed that there would be no must run
generating units from 2022 when Kahului Power Plant is decommissioned and new

generation is added.

The analysis conducted for the Moloka‘i and Lana‘i systems assumed that there would
be no must run generating units from 2020 except for Kahului 3 or 4. Maui’s 23 kV

system requires 16 MV A of fault current to ensure protective relay schemes will operate.

The analysis conducted for the Moloka‘i and Lana‘i systems assumed that there would

be no must run generating units from 2020.

The system security analyses were performed on the PLEXOS cases as described in

Appendix O: System Security Analysis.
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ENVIRONMENTAL COMPLIANCE PLAN

Mercury and Air Toxics Standards (MATS) Compliance Strategy

The MATS rule is applicable only to the steam electric units on Hawaiian Electric’s O‘ahu

system.

The MATS rule required Hawaiian Electric to control and measure particulate matter
(PM) emissions as well as fuel moisture content as surrogates for reducing hazardous air
pollutants (HAPs), including heavy metals and acid gases, from its oil-fired steam
generating units by April 2016. The MATS rule originally required Hawaiian Electric to
reduce emissions of HAPs, including heavy metals and acid gases, from its oil-fired
steam generating units by April 2015. On November 6, 2013, Hawaiian Electric obtained

from the State DOH a one-year extension on the April 2015 compliance date. *°

To be ready for the April 2016 compliance date, Hawaiian Electric conducted emissions
testing for each steam unit on O‘ahu that is subject to the MATS PM emission standard.
Tests involved measuring PM emissions to confirm the effectiveness and repeatability of
potential MATS solutions. Testing throughout 2014 and 2015 allowed Hawaiian Electric
to collect data to confirm the accuracy of the MATS solution chosen. As announced in the
Companies’ January 2016 Update of Fuels Master Plan (FMP),** Hawaiian Electric’s
preferred compliance solution was to utilize a 70/30 blend of low sulfur fuel oil (LSFO)
and diesel at Kahe 5 and 6, but to continue using 100% LSFO at Kahe 1-4 and Waiau 3-8.

After the FMP was filed, additional testing on Kahe 5 and 6 demonstrated that the units
can meet MATS requirements using 100% LSFO. This is a departure from Hawaiian
Electric’s initial concern that all units would have to burn a more expensive 70/30 or
60/40 MATS fuel.

National Ambient Air Quality Standards (NAAQS)

At this time, NAAQS rules are only expected to impact Hawaiian Electric. It is currently
unclear about the necessity of reducing LSFO use and switching to a lower emissions fuel

blend to attain the new one-hour for sulfur dioxide level in the vicinity of the Kahe and

1

15

Hawaiian Electric was granted a one-year MATS compliance extension, which places the compliance deadline at April
16, 2016. A second one-year extension is available to utilities through an Administrative Order that would be issued
by the EPA. Based on the evaluation criteria established by the EPA in a December 16, 2011 Policy Memorandum,
the second one-year extension must be based on a system reliability assessment and is considered a much more
difficult extension to obtain. The MATS compliance date is set forth in Title 40 of the Code of Federal Regulations
(CFR), Part 63, Subpart UUUUU, National Standards for Hazardous Air Pollutants: Coal-and Oil-fired Electric Utility
Steam Generating Units.

The FMP is filed semi-annually, currently in Docket No. 2012-0217. It is used to continually update the Commission
and other interested parties of the Companies’ fuel strategies and procurement timelines.

-
=
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Waiau generating stations. The best case scenario, absent the use of natural gas, would be
using 100% LSFO. The Companies currently believe the worst-case scenario would be
blending 40% LSFO with 60% lower sulfur fuel. For planning purposes, the Companies

used a conservative approach and assumed the 40/60 blend will be required.

The Clean Air Act (CAA) requires the EPA to set NAAQS for pollutants considered
harmful to public health and the environment. The six “criteria” pollutants are carbon
monoxide (CO), lead, nitrogen dioxide (NO3), ozone, PM, and SO». The CAA also
requires the EPA to review the NAAQS every five years and to revise the NAAQS to
reflect the latest scientific information on the impacts of air pollution on public health

and the environment.

In 2010, the EPA revised the NAAQS for SO, and NO;, making them more stringent. The
compliance requirements for particles less than 2.5 micrometers in diameter (PM2.5 or
“fine particles”) were also made more stringent. Based on the Companies’ preliminary
analysis, the new SOz standard poses the greatest compliance challenge. Even though
NAAQS potential emission reduction requirements for existing units have been pushed
back from the original deadline of 2017 to 2025, the Companies have to consider a variety
of compliance options for its long-term fuel procurement strategy and planning
assumptions. Lowering sulfur emissions to the required levels could be achieved by
either switching to a lower sulfur fuel, or by installing air quality control equipment

(backend controls).

The Companies believe that the most cost effective way to meet the future NAAQS
compliance requirements is to use a fuel that meets the requirements as opposed to
installing costly backend controls. LNG has emerged as a viable option that will comply
with air emission standards, while also substantially lowering fuel costs compared to
petroleum-based options. A lower-cost, cleaner-burning LNG will result in cost-savings

to customers.

New Source Review (NSR) and New Source Performance Standards (NSPS)

M-30

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
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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.

Greenhouse Gas (GHG) Regulations

State of Hawai‘i Act 234 requires a statewide reduction of GHG emissions by January 1,
2020 to levels at or below the statewide GHG emission levels in 1990. The state GHG
rules became effective on June 30, 2014, and require all entities that have the potential to
emit GHGs in excess of established thresholds to reduce GHG emissions by 16 percent
below 2010 baseline emission levels by January 1, 2020. Affected facilities were required
to submit an Emissions Reduction Plan (EmRP) to the DOH for approval by June 30,
2015.

Hawaiian Electric, Maui Electric, and Hawai‘i Electric Light have a total of eleven
facilities affected by the state GHG rule. Together, these facilities account for almost 56
percent of the 2010 baseline emissions from all affected facilities. Hawaiian Electric made
use of the partnering provisions in the DOH GHG rule to prepare a single EmRP that
covers all eleven of the Company’s affected facilities, and has committed to a 16 percent
reduction in GHG emissions company-wide. Hawaiian Electric submitted the Company’s
EmRP to the DOH on June 30, 2015. The DOH will incorporate the proposed facility-
specific GHG emission limits into each facility’s source permit based on the 2020 levels

specified in Hawaiian Electric’s approved EmRP following DOH approval.

As part of a negotiated amendment to the Power Purchase Agreement (PPA) between
AES Hawai‘i and Hawaiian Electric, Hawaiian Electric has agreed to include the AES
Hawai‘i coal-fired power plant on O‘ahu as a partner in the Company’s EmRP. Similarly,
with the planned acquisition of the HEP facility by Hawai‘i Electric Light, the GHG
emissions from the HEP facility will also be addressed in the Company’s EmRP. Both the
AES PPA amendment and the HEP acquisition are subject to Commission approval, so

including these facilities in the Company’s EmRP will be done at a following
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Commission approval. Hawaiian Electric is working with the DOH on the timing of the

EmRP modifications to address these changes in the partnership.

As part of President Obama’s Climate Action Plan, the EPA was directed to adopt GHG
emission limits for new and existing EGUs. The EPA issued the final federal rule for
GHG emission reductions from existing electric generating units —also known as the
Clean Power Plan—on August 3, 2015. The Clean Power Plan set interim state-wide
emissions limits for existing EGUs operating in the 48 contiguous states that must be met
on average from 2022 through 2029; final limits will apply from 2030. On February 9,
2016, however, the U.S. Supreme Court granted a stay of the Clean Power Plan pending
resolution of several challenges to the rule until several petitions for review in the U.S.

Court of Appeals for the D.C. Circuit Court can be heard and a decision is rendered.

The final Clean Power Plan did not set forth guidelines for Alaska, Hawai‘i, Puerto Rico,
or Guam because the Best System of Emission Reduction established for the contiguous
states is not appropriate for these locations. The EPA indicated its intent to work with the
governments for Alaska, Hawai‘i, Puerto Rico, and Guam to gather additional
information on emissions reduction measures available in these jurisdictions, particularly
with respect to renewable generation. Given the recent Supreme Court decision and
pending further action by EPA and federal courts, the timing for establishing Federal
GHG emission reduction requirements that may affect Hawaiian Electric’s power plants

is uncertain.

316(b) Fish Protection Regulations

M-32

Section 316(b) of the Clean Water Act requires that National Pollutant Discharge
Elimination System (NPDES) permits for facilities with once-through cooling water
systems to ensure that the location, design, construction, and capacity of the systems
reflect the best technology available to minimize harmful impacts on the environment.
Most impacts are to early life stages of fish and shellfish that become pinned against
cooling water intake structures (impingement) and are drawn into cooling water systems

and affected by heat, chemicals, or physical stress (entrainment).

The EPA issued the final 316(b) fish protection rule on May 19, 2014. This rule titled, Final
Regulation to Establish Requirements for Cooling Water Intake Structures at Existing Facilities,
applies to Hawaiian Electric’s Honolulu, Kahe, and Waiau steam electric generating
stations. The Kahe and Waiau facilities are required to comply with the impingement and
entrainment standards. The Honolulu facility, because of its lower actual intake water
flow when operating, may have to comply with only the impingement standard.
Honolulu is currently deactivated, but will have to comply with the 316(b) fish protection

rule before it can be reactivated.
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The final regulation does not specify the best technology available (BTA) standard for
entrainment, but states that “the Director must establish BTA standards for entrainment
for each intake on a site-specific basis.”*? In Hawai‘i, the “Director” is the Director of the
Hawai‘i’'s DOH.

Significant studies at Kahe and Waiau need to be completed before the DOH can make a
final determination of the technology requirements for the affected facilities. Six years of
impingement and entrainment data have been collected at Kahe and Waiau and will be
used to complete the required studies for these facilities. A preliminary review of the
data indicates that closed-cycle cooling (CCC) or cylindrical wedgewire screens will not
be required to comply with the 316(b) rule, but fish-friendly traveling screens and fish-

return systems may be required.

No firm deadline for compliance is specified in the final rule. Facility-specific compliance
schedules will be developed based upon the results of the required studies, in

consultation with DOH, and in coordination with the facilities” NPDES permit cycles.

NPDES compliance also impacts Maui Electric’s Kahului Power Plant (KPP). As
discussed in the Fossil Generation Retirement Plan, Maui Electric plans to retire KPP’s
generating units no later than November 2024 in accordance with the compliance plan as
approved by the DOH in July 2015.

12 §125.94(d), page 538.

O —O—@ Moui Eloctrio PSIP Update Report: December 2016 M-33

Hawai‘i Electric Light



M. Component Plans
Key Generator Utilization Plan

KEY GENERATOR UTILIZATION PLAN

This discussion recognizes the unique economic and operational challenges that exist for

key O‘ahu and Maui generating units.

AES Hawai'i (AES)

AES is a 180 MW coal-fired power plant serving O‘ahu. In November 2015, Hawaiian
Electric entered into an Amendment No. 3, for which Commission approval has been
requested. If approved by the Commission, Amendment No. 3 would increase the firm

capacity from 180 MW to a maximum of 189 MW until the end of the existing PPA term.

The existing PPA between AES and Hawaiian Electric expires on September 1, 2022. The
PSIP assumes that the AES PPA is not renewed as of its expiration date.

Kalaeloa Energy Partners (KPLP)

M-34

KPLP is a combined-cycle combustion turbine generator that currently operates on LSFO.
As shown in its Adequacy of Supply report filed April 11, 2014, in the absence of new
capacity, Hawaiian Electric needs KPLP’s capacity of 208 MW to meet the generating
system reliability guideline. In the absence of KPLP, it is estimated that there would be a
reserve capacity shortfall of about 175 MW.

Hawaiian Electric and Kalaeloa are in negotiations to address the PPA term that ended
on May 23, 2016. The PPA automatically extends on a month-to-month basis as long as
the parties are still negotiating in good faith. The month-to-month term extensions shall
end 60 days after either party notifies the other in writing that negotiations have
terminated. On August 1, 2016, Hawaiian Electric and Kalaeloa entered into an
agreement that neither party will give written notice of termination of the PPA prior to
October 31, 2017. The KPLP Facility is over 24 years old and will require maintenance
that is sufficient to allow the facility to continue to operate with its high degree of

reliability over an extended PPA term. This is being considered in the negotiations.

At an appropriate price and with appropriate operating flexibility, KPLP represents a
viable future generator for the O‘ahu power system in the future. The KPLP facility is
expected to be a viable generator in the future. Because KPLP is an independent power
producer (IPP), it is impossible to identify its value in the future without a finalized

contract identifying pricing, operating flexibility, and other parameters.

Hawaiian Electric
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Campbell Industrial Park Combustion Turbine No. 1 (CIP CT-1)

CIP CT-1 is a combustion turbine that currently operates firing biodiesel. It is the type of
generating unit that is compatible and complementary on a power system with
increasing amounts of variable renewable generation. CIP CT-1 provides offline reserve,
online spinning reserve, and can be turned on and synchronized to the grid within 22
minutes. It can also be readily turned off to accept more variable renewable generation
onto the grid. When operating, it contributes a relatively high level of system inertia, can
help manage system frequency by responding to minute-to-minute load demand control
signals, and can ramp up rapidly to offset rapid down ramps of variable renewable

generation.

The fuel efficiency of CIP CT-1 is lower than the AES and KPLP units. For example, at
maximum load, its fuel efficiency is about 11,700 Btu/kWh-net. Kahe 6 has a fuel
efficiency of about 10,050 Btu/kWh-net at full load. In combination with the higher cost
of biodiesel compared to LSFO, CIP CT-1 is the highest cost generator on the O‘ahu

power system.

Once the Schofield Generating Station (SGS) is in service first quarter of 2018, CIP CT-1
will switch to using diesel as its normal operating fuel. The biodiesel that would have
otherwise been used at CIP CT-1 will subsequently be used in the new SGS engines.
Pacific Biodiesel supplies the biodiesel currently used in CIP CT-1 via a contract that has
a minimum purchase amount of two million gallons per year. This contract expires in

November 2017.

Whether operated on diesel or biodiesel, CIP CT-1 represents a vital resource for the
O‘ahu system because of its operating characteristics. The frequency with which CIP

CT-1 is operated will depend on its relative fuel cost and system conditions.

Other Generating Units Owned and Operated by Hawaiian Electric

With a mandate for 100% RPS by 2045, we envision declining use of oil-fired thermal
generating units. Thermal generation is, however, desirable to accommodate cleaner and
less price volatile LNG. They will also provide strategic use of liquid biofuels that allow
the thermal units to “back up” the variable renewable energy and energy storage systems

in those situations when there is no alternative to meet system demand.

Maui Electric Key Generation Units

These units provide benefits to the Maui system, including system security, or flexibility.

11 Dual-train combined cycle units: high efficiency, regulating reserves, contingency

reserves.
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11 Combustion turbines: operational flexibility through startup availability and dispatch.
11 Small diesel internal combustion engines (MX1, MX2, M1, M2, M3): quick-starting

11 Large diesel internal combustion engines (M10, M11, M12, M13): operational
flexibility through startup availability and dispatch. It is also anticipated that the
small and mid-size diesel units will be operated very infrequently, as they will be
designated to operate during peak load periods or when variable renewable resources

are unavailable.

Hawai‘i Electric Light Key Generation Units

The Puna Geothermal Venture facility provides firm capacity renewable energy, and will
continue to be a significant resource towards renewable energy goals for the foreseeable

future.

The dual train combined cycle units at Keahole and HEP provide benefits that include
system security, fuel efficiency, and fuel flexibility. These resources have flexible

operational characteristics, can cycle offline, and used economically to serve demand.

The steam units provide excellent system stability and primary frequency response, and
with the present modifications, good dispatch range ad ramping capability. The
minimum dispatch limit (in MW) is lower than combined-cycle units. The three steam
units are presently the lowest cost resources to serve demand because of the low cost of
IFO fuel. They are economically serving demand now and for the near term, if the fuel
costs remain low compared to alternative available resources. The units, however, are
inefficient and not expected to remain cost-competitive with higher fuel costs; they are
not candidates for switching to more expensive renewable energy fuels, instead are
assumed to be candidates for decreased operation or retirement with the addition of

renewable resources.

The fast-start diesels and simple-cycle combustion turbines, which have played a large
part in the integration of the present high levels of variable renewable energy and
support the amount of offline cycling and low online reserves of today, will continue to
play important roles in providing fast replacement reserves and supplemental reserves
for forecast errors, ramping events, forced outages (including failed start), and other

short-term and emergency energy needs.

Hawaiian Electric
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OPTIMAL RENEWABLE ENERGY PORTFOLIO PLAN

Hawaiian Electric’s Renewable Energy Portfolio Plan

Hawaiian Electric’s analysis of optimal renewable portfolio plans begins with Chapter 3:
Analytical Approach that describes theoretical least-cost plans for individual islands
(O‘ahu, Maui, and Hawai‘i Island) and interisland interconnected plans optimized by
E3’s RESOLVE model. The Companies used the PLEXOS model to analyze a subset of
cases based on E3’s optimized plans as described in Chapter 4: Analytical Results. The

financial evaluation of the core cases is in Chapter 5: Financial Impacts.

Maui Electric’s Renewable Energy Portfolio Plan

Maui Electric’s analysis of optimal renewable portfolio plans begins with Chapter 3:
Analytical Approach that describes theoretical least-cost plans for individual islands
(O‘ahu, Maui, and Hawai‘i Island) and interisland interconnected plans optimized by
E3’s RESOLVE model. The Companies used the PLEXOS model to analyze a subset of
cases based on E3’s optimized plans as described in Chapter 4: Analytical Results. The
Companies used PLEXOS to develop optimized resource plans for Moloka‘i and Lana‘i
which is also described in Chapter 4: Analytical Results. The financial evaluation of the

core cases is in Chapter 5: Financial Impacts.

Hawai‘i Electric Light's Renewable Energy Portfolio Plan

Hawai‘i Electric Light’s analysis of optimal renewable portfolio plans begins with
Chapter 3: Analytical Approach that describes theoretical least-cost plans for individual
islands (O‘ahu, Maui, and Hawai‘i Island) and interisland interconnected plans
optimized by E3’s RESOLVE model. The Companies used the PLEXOS model to analyze
a subset of cases based on E3’s optimized plans as described in Chapter 4: Analytical

Results. The financial evaluation of the core cases is in Chapter 5: Financial Impacts.
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GENERATION COMMITMENT AND ECONOMIC DISPATCH REVIEW

The Generation Commitment and Economic Dispatch Reviews are similar for all three

operating utilities.

Prudent Dispatch and Operational Practices

M-38

Our unit commitment and economic dispatch policies are based on safe and reliable
operation of the system, minimizing operating costs, and complying with contractual and

regulatory obligations. The daily generation dispatch process is illustrated in Figure M-1.

With increasing amounts of distributed solar, large amounts of wind power, and
increased offline cycling, state-of-the art forecasting tools have been integrated into the
control room. These tools are used to inform unit commitment decisions with forecast
power production, variability, and indication of uncertainty in the forecast. There
remains a great deal of uncertainty in the forecast, however, which can lead to under- or
over-committing the generation. Under-committing occurs when variable production is
lower than forecast or is more variable than expected; and may lead to a generation
shortfall or underfrequency load-shedding; and need for supplemental or emergency
generation. Over-committing occurs when variable production is higher than forecast or
more variable than expected and may lead to excess energy and over-frequency, which
depending on severity can cause system disturbances, the need to cut back output from

renewable resources, and possible operation below minimum dispatch limits.
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Figure M-1. Daily Generation Dispatch Process

Maui Electric and Hawai‘i Electric Light have integrated its state-of-the art wind and PV
forecasting into the control room, which is used for the daily unit commitment decisions.
The amount of online reserves carried is adapted in real-time based on the observed
variability of the net demand, primarily driven by wind and solar. Unit commitments are
based on economic dispatch, subject to the system security constraints, contract
requirements for minimum purchase (such as PGV’s schedule), unit limits, and must-
take energy. A factor in unit commitment is the duration of the load to be served. With
the increase in DG-PV, a shorter day peak occurs during which it may be more
economical to start up a faster-starting but less-efficient resource (such as a simple-cycle

turbine).

The Companies must also evaluate whether to return deactivated units to service, such as

Hawai‘i Electric Light’s Puna Steam unit.

Additional projects are being developed that will further integrate the forecasting,
services, and visualization into the EMS and provide additional control of distributed
energy resources. In the future, the unit commitment decisions will incorporate net-
demand forecasts, which include the forecast wind and solar production and demand

response options. For supplemental frequency control and reserves, new resources will

Hawaiian Electric
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be integrated into the EMS, including storage, demand response, and response

capabilities from variable resources.

Minimizing Ancillary Services Costs

The process to identify system security constraints, and the combinations of resources

that can be used to meet them, is:
11 Determine system constraints.
11 Identify the resource mix that meets each of them.

11 Select the lowest-cost combination of resources to operate.

For all three operating utilities, additional security constraints are imposed with
increased concentrations of variable renewable resources. Therefore, the projected
increase in DG-PV may have an impact on ancillary service costs. We will continually
evaluate the economics of using existing resources to meet ancillary services and system
security requirements versus meeting those needs with alternative resources (including

energy storage and demand response).

Maximizing the Use of Available Renewable Energy

M-40

The commitment and dispatch of renewable energy resources depends upon the contract
terms for those resources and whether or not the system operator has visibility and
control over the generation. If the resource can be economically dispatched, it is put
under automatic generation control (AGC), and its output is determined by its marginal
cost relative to the marginal cost of other resources. Examples of this type of renewable
resource may include geothermal, generating units using renewable biofuels,
waste-to-energy projects, and other “firm” renewable projects. In the PSIP action plans,
dispatchable renewable energy, on systems where it is available, has been identified as
providing value by displacing maximum amount of fossil fuels through the high capacity
factor. However, these types of resources are not readily available on O‘ahu unless

procured through interconnection to other islands.

Variable renewable energy projects have been contractually treated as must-take,
variable energy. These are accepted regardless of cost, but their output is reduced as
needed when all intermediate units are offline and there remains excess energy
production. In this case, the system operator curtails the output of variable energy
providers to the degree necessary to keep the system in balance and provide response
reserves. Most curtailments are partial — the output is limited, but the resource is not

restricted to zero output. When excess energy necessitates curtailment, it is performed in
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a manner consistent with the PPAs associated with the affected resources and in

accordance with a priority order established by the system operator.

In addition to excess energy situations, curtailments can also be required for system
constraints such as line loading, phase angle separation, line maintenance, and frequency
impact from power fluctuations. Curtailments for system constraints are applied to the
resources as needed to address these constraints; they are not subject to the priority order
used for excess energy curtailments. Curtailments are also performed at the request of

wind plants for wind conditions, and equipment issues.

The vast majority of DG-PV is not visible or controllable by the system operator. These
resources serve demand ahead of all other resources. Additional growth in DG-PV is
forecast to cause increased curtailments of utility-scale variable renewable resources,

unless DG-PV is required to provide the visibility and control to the system operator.

As the islands evolve to ever increasing levels of renewable energy, the ability to treat
any type of energy as “must take” is increasingly limited in the absence of storage. The
islands serve only the demand on the island systems and cannot export excess
production as is done in other interconnected areas. Accommodating the renewable
resources will displace existing generation that provided dispatchable energy, adjusted
to meet demand, and many other characteristics to keep the power system stable and
operable. These capabilities to adjust output to serve demand, respond to frequency,
regulate voltage, and other stability factors will be increasingly relied upon from variable
and firm renewable resources as the systems are transformed to economically and
reliably serve the energy needs of the future with 100% renewable energy. This
increasing contribution to grid management will require changes to both procurement
terms and technical and operational capabilities of all renewable resources, including

distributed energy resources (DER).

Energy Management Systems (EMS)

The operation of the system is facilitated by use of a centralized Energy Management
System (EMS). The EMS provides the system operator with constantly updated, real-time
information about the operational state of the system. There are three key applications
within the EMS:

11 Supervisory Control and Data Acquisition (SCADA)
11 Real-Time Automatic Generation Control (AGC)
11 Real-Time State Estimator

Currently, Moloka‘i and Lana‘i do not have AGC capability because of their small size,

and instead rely upon isochronous control units for frequency regulation.
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All three operating utilities routinely update the EMS hardware and software platforms
for each system to ensure reliable operation, incorporate new industry developments
(such as protocols and system security measures), and maintain support from EMS
vendors.** With the transformation of the utility systems, additional interfaces are
required to the EMS for control of distributed generation and new types of resources
(such as storage, demand response integration, and variable generators which have
varying levels of reserve depending upon set point and available resource). This will
require modifications to the interface, new controls, and modeling of the resources within
AGC.

To accommodate the migration to a smart grid network and integration of new resources
as well as the use of the communications protocols to support this, the Companies are
hardening the security of their EMS systems. Hawai‘i Electric Light has tested MPLS

communication to a remote terminal unit from a secured EMS network.

Additional applications are being developed to facilitate the dispatch decisions and
system management with the changing resource mix. As one example, a study indicated
the need to have dynamic allocation of circuits to meet the requirements of the
underfrequency scheme, due to the impact of distributed solar on the net demand on
each circuit. In 2016 an adaptive underfrequency load-shed application for the Hawaii
Electric Light System was designed and the implementation is near completion. This
scheme assigns circuits to underfrequency load-shed tiers in real-time, reflecting the
telemetered demand on each circuit and total load-shed quantity needed at the time. The
scheme required deployment of newer relaying equipment at the various distribution
substations, to support the adaptive scheme. Testing will begin in the first quarter of
2017.

System Dispatch and Unit Commitment

M-42

Unit commitment and dispatch decisions are based upon several factors:
Safety. Our dispatch of generating resources is always subject to ensuring the safety of

personnel and the general public.

Reliability. Dispatch and unit commitment must adhere to system security and

generation adequacy requirements.

Contractual Requirements. Dispatch and unit commitment must adhere to contractual

constraints.

B We operate EMS systems from two different vendors, Alstom at Hawai'‘i Electric Light and Maui Electric, and Siemens
at Hawaiian Electric.
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Cost. After meeting all the forgoing requirements, we commit and dispatch units based
on their marginal cost, with lower-cost units being committed and operated before

higher-cost units.

When determining the unit commitment and dispatch of generating units, we do not
differentiate between dispatchable IPPs and utility-owned assets, nor does the daily unit
commitment modeling tool input date differentiate units by ownership. Certain
generators do receive a form of priority of energy being accepted onto the system based
on the location of the generator, its characteristics, or the contractual obligations unique

to the resource.

The acceptance of energy for dispatch is in the following order of preference:

Distributed Generation: Distributed generation resources receive preferential treatment
as “must take” regardless of their economic merit for system dispatch. At the present

time, we have no control over, or ability to curtail, the majority of distributed generation.

Scheduled Contractually Obligated Generation: These resources are preferentially
treated by contract. They are used to serve customer load regardless of their economic
merit for system dispatch. Scheduled energy from these resources is taken after
distributed generation, but ahead of all other resources, including variable energy

providers.

Contractually Must-Run, Dispatchable Generation: The resources cannot be cycled
offline and therefore the minimum dispatch level of these resources are preferentially
treated; the energy is accepted from these resources regardless of cost, except during

periods of maintenance.

Generation to Meet System Security Constraints: These resources provide energy at
least at their minimum dispatch limit ahead of other resources, similar to contractual
must-run and scheduled generation, plus an amount of reserve capability to provide
down regulation. However, once dispatched, the continued operating status of these
resources is subject to continual evaluation of their costs relative to other alternative
resources that may become available at a lower cost, except where it is required by

contract.

Variable Energy: Variable energy is accepted on the system, regardless of cost, after
distributed generation, scheduled energy purchases, and continuously operated
generation. This energy is accepted regardless of cost and thus presents a constraint on
optimized (lowest) cost. If the energy cannot be accommodated because of low demand,
curtailment of the resource is ordered according to an established and approved priority
order. As stated earlier, variable energy will increasingly be treated as dispatchable and

contribute to grid management. This will require additional EMS interfaces.
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Dispatchable Resources: Energy from dispatchable resources is taken on the basis of
relative cost (economic dispatch). Resources with the lowest variable energy (fuel and
O&M) cost will be committed ahead of resources with higher variable costs. Online
resources with lower incremental costs will be dispatched at higher outputs ahead of
resources with higher incremental costs. The units operated routinely to meet demand,
but cycled offline during minimum demand periods, are described as intermediate units.
Short-term (daily) unit commitment decisions do not consider fixed costs associated with
these resources because the fixed costs will be incurred regardless of whether or not the

unit is operated.

Compliance: Permit restrictions or requirements may affect the operation of generation

units.

Generator Availability: Generators may be out of service for planned maintenance or

unplanned reasons.
Transmission Constraints: Transmission and distribution maintenance plans.

Variable Forecasts: Operational decisions may be different based on wind and solar

forecasts versus perfect knowledge of the resource.

Weather: Conditions or other risk conditions may require adjustment of the generation

mix to provide additional security margin.

Distributed Energy Resources: At present, visibility and control of distributed energy
resources is limited to only larger facilities and FIT projects. As with utility-scale variable
generation, DER will be increasingly integrated into the EMS, including monitoring and

control capabilities.

Adaptive Underfrequency Load-Shedding: This new application is being developed to
enable effective load shed protection schemes under high DG-PV penetration. With
increasing amounts of self-generation, the available demand for underfrequency
load-shed on each circuit is highly variable and dependent upon solar PV production.
The amount of load that must be shed is dependent upon net system demand and
contingencies. As mentioned above, a new application on the EMS is being implemented
at Hawai‘i Electric Light to assign circuits to the load-shed scheme stages dynamically,
based on telemetered available circuit demand and the total system net demand. This
effort required modifications to the EMS and deployment of new relay technology at
various distribution substations. The project is nearing completion and will begin testing
in early 2017.
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Utilization of Energy Storage and Demand Response

Energy storage and demand response (DR) programs can provide the system operator
with a flexible resource capable of providing capacity and ancillary services. To provide
the system operator with appropriate control and visibility, energy storage assets are
equipped with essentially the same telemetry and controls necessary to operate
generating units. DR used for providing regulating reserves and contingency reserves is
also equipped with appropriate telemetry and controls. The specific interface
requirements depend upon whether the storage device or DR resource is responding
automatically, or is under the control of the system operator. The DR Management
System (DRMS) and the Energy Storage Management System (ESMS) is interfaced with
an EMS.

For storage or DR that is integrated into the EMS, telemetry requirements include:

11 Real-time telemetry for storage that indicates the charging state, the amount of energy

being produced, and the device status.

11 Control interface to the EMS to enable the increase and decrease of energy output

from the storage asset, and for energy input to the storage device for charging.
11 Real-time telemetry for DR indicating the breaker status, switch status, and load.

11 Control interface to the EMS to configure settings for response to local criteria (for
example, underfrequency) or to provide direct remote trip or dispatch control by the

system operator.

Storage may also be required to respond to local signals. For example, storage may need
the capability to respond to a system frequency change in a manner similar to generator
governor droop response, which may be used for a contingency reserve response or for
frequency responsive regulating reserve. Another example of local response includes the
ability of the storage to change output (or absorb energy) in response to another input
signal from a variable renewable energy resource to provide “smoothing” of the

renewable resource output.

Short-duration storage is a limited energy resource. This introduces the need for the
system operator to be informed regarding the storage asset’s charging state, and the need
to ensure that the integration and operation of these resources allows for replacement
energy sources before the stored energy is depleted. This replacement could be in the
form of longer-term storage or generation resources. For the value of DR to be realized in
providing a particular grid service, once called, the load cannot return to the system until
after a specified time, which is dependent on the type of grid service being provided by
the DR resource. Accordingly, the system operator similarly requires information
regarding the status of DR, particularly as it relates to the state of the response after an

event has been triggered.
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Visibility and Transparency in System Dispatch

M-46

A high level review of the websites of various independent system operators (ISOs)
including PJM (central east U.S.), Midwest ISO (MISO), California ISO (Cal ISO), and the
Electric Reliability Council of Texas (ERCOT), shows the following operational
information commonly being displayed (along with ISO energy market-specific

information such as locational marginal pricing):

11 Real time daily demand curve showing actual and forecasted demand, updated at

least hourly.
11 Hourly wind power MW or MWh being produced and forecasted.
11 Other historical renewable energy production in MW (Cal ISO).

11 Available generation resources.

Our Renewable Watch site!* (branded as REWatch), available for our service territories,

currently displays the following information, with data refreshed every 15 minutes:

Net Energy System Load. The system load served by generators on the “utility-side” of
the meter including those owned by the utility and by IPPs.

Gross System Load. The net system load plus estimated load served by DG-PV on the

customer side of the meter.

Solar Irradiance Data. This data is measured in different regions of the island, which are

used as input to calculating the estimated load served by DG-PV.

Wind Power Production. Total megawatts of wind power being produced by the

various IPP-owned wind facilities selling electricity to the Companies.

We continue to enhance the information available on Renewable Watch and other public
displays on our Company website. The information on the REWatch will be
supplemented with additional information showing for the previous hour the percentage
of the energy supplied by the different resources (IPPs, renewables, and utility-owned
generating units). A historical archive of the percentage of the energy produced by each
of the resource groups for the previous 24-hour period will be maintained so that the

customer can view the changes over time.

These enhancements will address the Commission’s objectives of showing the significant
use of non-utility generation and renewable resources, most of which (with the exception

of our combustion turbine generation CIP CT-1) uses biofuels and are IPP-owned.

In addition, we also make public a description of our economic dispatch policies and

procedures via a posting on our website. Combined, the enhancements to our website

¥ https://www.hawaiianelectric.com/clean-energy-hawaii/integration-tools-and-resources/renewable-watch.
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and the sharing of our dispatch policies and procedures increase visibility and

transparency of how generating resources are being dispatched on the power grid.

Our generating unit commitment and dispatch of the generating units is based on the
objective of incurring the least cost to the customers while continuing to maintain system
reliability. With the introduction of increasing amounts of renewable resources, it has
become more important to minimize the use of fossil fuels and contend with the dynamic

system changes that occur from the new resources so that reliability can be maintained.

A screenshot from the Renewable Watch-O‘ahu website is shown below in Figure M-2 to

provide an example of the variability of the renewable energy resources.

Renewable Watch - Oahu Feb186, 2016 Information

4:54 PM  Renewable Watch shows at a glance the levels of solar and wind power geneiaicu
8 on Oahu and how that energy varies throughout the day.

West Cabus Loiar badiance Below Are Descriptions of What is Currenty Displayed:

South Oshu Soir Iradiance
- Cormral Oat Satar bradiance Net System Load: System Load Served By Hawallan Blectric Company
B Doy, U NPy Gross System Load: Net System Load + Load Served By Behind the Meter PV
Cahu Wind Production
= Gross Systum Laad West Oahu Solar kradiance: Solar imadience [Wim*2) Measured in West Oshu
Mot Syvom Lood
South Cahu Solar iradiance: Solar radiance (Wim*~2] Measured in South Oahu

|| Central Oahu Solar iradiance: Solar imadiance (W/m*2] Measured in Central
| Oahu

|| East Oahu Solar kradiance: Solar kradiance (Wim2) Measured in East Oahu

1 Oahu Wind Production: Wind Power Production on Oahu

Renewable Watch - Previous Day

e Y Pt
Gl Wi Pt
= rlgan Sy ok
. Sy Lias ,
Current Renewable Power Production (by regions) /
West Solar MW: 1,33 wm Control Solor MW: 543 Wind MW: 79.43 _v\-/‘hu\.—w‘ﬁ"’v

East Solar MW: 6.6 South Solar MW: ~ 16.6

| Norm Solar information to be Included at a tater me.
N
/

Today

h 8072 °F

Figure M-2. Renewable Watch-O‘ahu Website Screenshot

The new visualization tools have been under development for each respective systems
over the past few years, and are presently integrated to enlighten site visitors. We
understand the importance of visibility and transparency of the economic commitment
and economic dispatch of resources to show customers that a real effort is being made
cost-effectively use fossil fuels and to effectively use available renewable energy.
REWatch is currently the only utility site that offers visibility to customer-sited
distributed generation (DG-PV) information.

As the mainland regional transmission organizations (RTOs) or ISOs operate real-time
and day-ahead markets, these organizations show the price of energy for their market,
which may be misleading for Hawai‘i, given that we do not have a real-time market or
corresponding balancing need. For RTOs and ISOs, customers are unaware of the system

conditions that are dictating how the generating units are being run.
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The information displayed on our existing Renewable Watch website is a good starting
point for creating visibility and transparency, especially for distributed generation

resources.

We continue to work with industry partners (including Stem and Blue Planet) to share
real-time system load and generation by percent of power for different resource types
like wind, solar and DG resources. We support efforts to share information with
customers so they can see their energy use and changes in generating resources from

fossil to more renewables on the grid.
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Q. Customer Exit Economic
Analysis

* oo Maui Electric PSIP Update Report; December 2016 Q-1
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