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Hawaii ranks #1 in U.S.electric

"‘3\\. PR energy costs:

L1 o ‘*:Q o 47.1 cents/kWh "Molokai

‘*':“-,' - Wy 45.9 cents/kWh Lanai

X 4 41.9 cents/kWh EWEL
o 37.8 cents/kWh Maui
L 3 35.5 cents/kWh Oahu
“‘x_‘x'-,\ ) (Avg. residential rates foF2014)
AN W = USREMIS Cooitin 11 - 12 cents/kW U.S. avg.
""HH mage © 2013 TerraMetrcs

Data 510, NCARA, US. Nevy, NGA, GEBCO
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Opportunity for Sustainability in Hawaii is Abundant
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Renewable Electricity Potential and Demand by Island, Gigawatt-hours

Source: National Renewable Energy Laboratory, Hawaii Clean Energy Initiative
Scenario Analysis, 2012; and DBEDT
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-
Hawaii’'s Progressive Clean Energy Policy Leadership

Editorials ' Hawaii Clean Energy Initiative (HCEI) |

TUESDAY | OCTORER 21, 2008

Ambitious €nergy agr eement charts right course The State of Hawaii, US DOE, and local utility launched HCEI in January
e ) e e o 2008 to transform Hawaii to a 70% clean energy economy by 2030:

ierwoen the state and Eawai:
i ests will e cruelal Partof should maximize oppertunt- — clesn energy by 2030 15 a lud- - unlfied, more efficiont grld wil
st responsibility rests with tles for federal funding adle plan tha: sets s on the  support different coergy

oy cin it i i *  Increasing Hawaii’s economic and energy security

Lt calls for steeamlining the  che 30-page agreement also
Per

sepulatory process toachkeve  lacks some key details. Per b mlhm . . X . .
i e S T s »  Fostering and demonstrating Hawaii’s innovation

i
al e asked te pick up some of  fesendly enerpy and reduces The Lingle administration
cost will the consumer be e seniew- these costs asan nvesiment  our over-rellance on fossll fie-  hopes the apreemeat will be a ® L)
asmart prid” so customers  asked 1o beas? able-eneegy infrastructure o the state’s reneseable ener el — amore sensible and sus win-win for evergane — the L4 Developlng Hawall S wo rkfo rce Of th e fu tu re
can get lowes rates during ol Adwintedly, ir's & difficult There will be slgnificant up- g futnre. tainahle fikure, state, HECD ard consumers.
peak hours, question to answer, given the  front investment costs. The Cerrainly, this furare is the It's an ambisious plan. Hebe  Refining these details will
Thats the pood news, Bt seope and complexity of the.  undesses cable alone could diractinn in which the state agresment's goals are met, the help engure that saccess.

*  Becoming a clean energy model for the U.S. and the world

Strong Hawaii Policies

> 2009 (Act 155) » 2015 (Act 97)
10% by 2010 * 10% by 2010

DSIRE® ( (R RN ENerY DSIRE insight

www.dsireusa.org / September 2020

Renewable & Clean Energy Standards

«  15% by 2015 * 15% by 2015
«  25% by 2020 * 30% by 2020
«  40% by 2030 * 40% by 2030

70% by 2040
100% by 2045

\sc: g,%ua
A 30 States +DC havea
AN Renewable Portfolio
%\ Standard, 5 states have a
| Clean Energy Standard
:25%x2035 2 (8 States have renewable
portfolio goals, 5 states have

Highest RPS Target
in the United States

1 0 0 A’ by 2 045 . FRRREIIN Pt iplo e I:‘ Clean energy standard * Extra credit for solar or customer-sited renewables

D Renewable portfolio goal D Clean energy goal + Includes non-renewable alternative resources
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Renewable Energy Tax Incentives

Federal
e * Renewable Electricity Production
Tax credits: Tax Credit (PTC)
« Adollar-for-dollar reduction in the amount of « Energy Investment Tax Credit
income tax you would otherwise owe (ITC)

« Think of it as an “IRS gift card”

» Residential Energy Credit

* Modified Accelerated Cost-
Recovery System (MACRS)

State
(State of Hawaii)

+ Renewable Energy Technologies
Income Tax Credit (RETITC)

Local h

» City and County of Honolulu -
Real Property Tax Exemption for
Alternative Energy
Improvements
L /
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Revenue Decoupling at Hawaiian Electric

See Docket No. 2008-0274, Final Decision and Order (Haw. P.U.C., August 31, 2010).

=  Since traditional COSR electric rates are based on forecast sales:

o Lower-than-forecast sales leads to under-recovery of fixed costs
o Creates economic disincentive to do anything that reduces sales (e.g., customer-sited RE, EE)

Traditional Cost of Service Rates Decoupled Rates |
Adjust rates
e Revenue under- upward to
/ N collection when eliminate under-

\\ sales are less collection
Authorized t \'\\ than forecast
revenue based —» f-----meeseoeeeeee 3\-\- ----------- foosmmmanas oo, ogliiasaieaacanscsasasany
on forecast sales \\ /

Revenue over- N v / Adjust rates

collection when \‘\_‘_ o downward to

sales exceed eliminate over-

forecast collection

= Decoupling:
o Adjusts electric rates between rate cases to address deviations from sales forecasts (reduction in regulatory lag)

o Delinks the utility’s profits from its sales
o Stabilized revenues and protected the utilities’ financial health from erosion as Hawaii pursued its clean energy initiatives

o Removes the disincentive to pursue energy efficiency and customer-sited behind-the-meter renewable energy projects
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Progress Toward A Clean Energy Future Hawait pa Goals'
Hawaiian Electric Companies gg;g

2030 - 40%

0
RENEWABLE PORTFOLIO STANDARD PROGRESS 2040 - 70%
(% of generation) K 2045 - 100% j
40% 2030 YEAR-END RPS TARGET Shaded h
j— 2'Ecad 2ind SIOWS LESS OIL USED FOR POWER GENERATION
35% RPS as % of sales (In millions of gallons)
32 32 T 500m -
30% 2020 RPS TARGET MET @ NOTE: The deflmtlonl e
of Renewable Portfolio . !
259 : _ 24 | Standard (RPS) was 350m
’ 23 23 23 changed by state law in =
20% 19 \ _ | | 2022. It is now defined oy
17 as the percentage of 08 09 10 M1 12 13 14 '15 16 17 '8 19 ‘20 21 22
15% - i electricity generated by
renewable resources.
10% - s previoimldelined AVERAGE HAWAI1 HOME USES
a5 the percantage of 40% LESS ELECTRICITY THAN
59, — electricity sold that came THE NATIONAL AVERAGE* 5
from renewable resources. 1,000 886
0% — . The revised definition is 900 - -
2011 2012 2013 2014 2016 2017 2018 2022 a more accurate way to -
measure progress toward 600
| I — the goal of achieving 100% 500 —
Customer Solar Biofuels Wind Hydro Ltility-Scale Solar Biomass renewable energy by 2045. 09 T ” @ e p -
Loss of Geothermal
Production (May 2018) "Monthly per housshold in kilowatt-hours in 2021 SOURCE: U.S. Energy Information Administration

Source: Hawaiian Electric Sustainability Report 2022-2023
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Hawaii Electric Systems —

4 Electric Utilities; 6 Separate Grids; % Renewable Energy

Maui Electric (March 2022)

Kaua'i Island Utility Cooperative (2021 Yr.-end)

System Peak: 78 MW
119 MW PV* / 7 MW Biomass / 16 MW Hydro*
Installed PV: 153% of Sys. Peak

*West Kauai Energy Project \
(Approved) .
Hydro 4 MW Kaua'i O‘ahu
PV 35 MWac/56 MWdc (

+ 35 MW/70 MWh BESS
20 MW Pumped Hydro

Hawaiian Electric (March 2022)

System Peak: 1,216 MW

768 MW PV* / 123 MW Wind /
69 MW WTE / 168 MW Biofuel
Installed PV & Wind:

73% of Sys. Peak

80% of state population

*311.5 MW PV + 1,373 MWh BESS (Approved)
42 MW PV + 168 MWh BESS (Pending Approval)

Maui System Peak: 206 MW

135 MW PV* / 72 MW Wind
Installed PV & Wind:

100% of Sys. Peak

Lana’i System Peak: 5.1 MW

2.9 MW PV* (57% of Sys. Peak)
Moloka’i System Peak: 5.6 MW
2.7 MW PV (48% of Sys. Peak)

Maui (Approved)

*175 MW PV + 700 MWh BESS
+ 60 MW PV + 240 MWh BESS
20 MW PV + 80 MWh BESS
40 MW PV + 160 MWh BESS
15 MW PV + 60 MWh BESS
40 MW PV + 160 MWh BESS

Lanai (Pending Approval)

*18 MW PV + 74 MWh BESS

Moloka‘i
~ Maui
Lana‘i‘ Hawai'i Hawaii Electric Light (March 2022)
= System Peak: 191 MW
118 MW PV* / 34 MW Wind /
87% 38 MW Geothermal* / 17 MW Hydro

Installed PV & Wind:
80% of Sys. Peak

Daily Production in 2021

Proposing an 8 MW expansion, to 46 MW
Geothermal Plant in operation at reduced
(e.g. occurred on 7/1/2021) capacity (25 MW) due to volcanic eruption.
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Installed PV Capacity - HECO Companies
( )

2005 to 2022

2022 At a Glance

CUMULATIVE SOLAR
INSTALLATIONS We're on track to

meet our year-end
96,912 1,118 mw
SYSTEMS
1,200 mw

2030 goal of 40%
1,100 mw | W

1,000 mw ggﬁg%

900 mw fescam s e
800 mw
5 Cumulative System 2% ™" @l
Peak Demand 600 mw 32_4%
500 mMw oty
400 mw
300 mw
200 mw
100 mw
0 mw

12 "13 14 *15 ’16 "17 18 "19 20 '21 '22

32%

37%

SINGLE-FAMILY HOMES
WITH ROOFTOP SOLAR

1,118 MW

Source: Hawaiian Electric Sustainability Report 2022-2023

RENEWABLE
PORTFOLIO STANDARD (RPS)

+25.5%

INCREASE IN PASSENGER
EVS FROM JANUARY TO
DECEMBER 2022

Cbo
-22%
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Distributed PV Programs in Hawali Today

* Retail Rate Net Energy Metering (NEM) was closed to new applicants in 2015.

« Customer Grid-Supply (CGS) participants receive a PUC-approved credit (less than full retail rate) for electricity
sent to the grid and are billed at the retail rate for electricity they use from the grid. Program is fully subscribed
today; the program only remained open until the installed capacity was reached.

¢ Customer Grid-Supply Plus (CGS Plus) systems must include grid support technology to manage grid
reliability and allow the utility to remotely monitor system performance, technical compliance and, if necessary,
control the system for grid stability.

« Customer Self-Supply (CSS) is intended only for private rooftop solar installations that are designed to not
export any electricity to the grid. Utility verifies non-export controls enabled for the system.

« Smart Export (SE) customers with a renewable system and battery energy storage system have the option to
export energy to the grid from 4 p.m. — 9 a.m. Systems must include grid support technology to manage grid
reliability and system performance.

- Standard Interconnection Agreement (SIA) is designed for larger customers who wish to offset their electricity
bill with on-site generation. Customers are not compensated for any export of energy.
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Rooftop Solar Integration

Export Allowed

Export
Restrictions

Reconciliation
Minimum Bill

Credit rate
(dkwh)-"

Program Cap

Inverter
Requirements

Controls

Communications

Hypothetical Bill
Comparison:”™

No

Monthly
525

$0.15

51.3 MW

Advanced with
Volt Var and
Frequency Watt
activated: Fixed
Power Factor
deactivated.”

N/A

N/A

$93.28

Closed

No

Annual
525

$0.10

50 MW

Advanced with
Volk Var and
Frequency Watt
activated; Fixed
Power Factor
deactivated.

Yes: Utility or
Aggregator

N/A

$118.38

N/A

N/A
$25

N/A

N/A

Advanced with
Volt Var and
Frequency Watt
activated; Fixed
Power Factor
deactivated.

Customer

Yes

$169.09

Yes Yes No Yes

Solar Day

Annual
525

$0.15

25 MW

Advanced with
Volt Var and
Frequency Watt
activated; Fixed
Power Factor
deactivated.

Yes: Economic

N/A

$93.79

2022 Customer Energy Resources

Electric Companies), MW

lled PV (F

1200

1000

800

600
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200

1,019

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 '2016 2017 2018 2019 2020 2021

\ = 7

Y
Retail rate NEM
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DPV Staffing Needs Increase [iso

Quarterly System Additions

4000 Hawaiian Electric Co. (305,000 Customers)

Hawaiian Electric Company:

Application tracking and processing: 8 Positions |>°

Technical screening and analysis: 4 to 5 full- 3,000
time equivalent (FTE)

2,500
» Distribution Planning staff today has doubled to 14

planners since 2012 2,000

* Foundational work to update models and conduct

hosting capacity studies added another 2to 3 FTE o

for approximately two years 1.000
DPV program implementation requires 500
additional administrative and technical
staff/budget/capacity building to implement O OO IIIINONLCOCOE NN RRRR2222g

MO OONMOONMOONMOONMOONMOONMOONOM
h h h h ~ h h
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Existing and Planned
Generating Facilities on Oahu

-- Hawaiian Electric Company’s service territory

Retirement of AES Coal Plant

I

ES Hawail coal plant on O'ahu

the 180-megawatt A
@it — one of the largest emitters of greenhouse gases — aligns with

Hawaiian Electric’s overall plans to decarbonize its energy systems.
Photo courtesy of AES.

Firm capacity coal being replaced by Solar + BESS

* Atthe end of July 2022, Clearway Energy’s Mililani Solar |, a 39 MW PV / 156
MWh BESS project, came online.

* In January 2023, Clearway’s Waiawa Solar Power, a 36 MW PV / 144 MWh
BESS reached commercial operation.

*  Coming online in 2023, AES West Oahu Solar, a 12.5 MW PV / 50 MWh BESS.

»  Coming online in 2023, Kapolei Energy Storage, a 185 MW / 565 MWh lithium-
ion BESS project by Plus Power LLC. The project will enhance grid reliability
and enable more renewable energy on Oahu.

O‘ahu

Waipio Solar _.

45.9 mw
Customer-Sited Solar =5 %
573 v Mililani | Solar =)
39 ww / 156 nawn »* = Renewable
Shared Solar Energy
0270 mw oniine / 4.720 ww** Waihonu North and South .
Samw, 1.5 uw
Kawailoa Wind
Y Kahuku Wind
S T 30 sew RENEWABLE MIX
Kawailoa Solar ' .
E Na Pua Makani
49 aw J Project 14.1% Customer-Sited Solar
Lanikuhana Solar ' R . L
e Mauka FIT| g
Schofield G " 35uw 4.0% Waste to Energy
Station @ 33% Wind
50 wew
() 02x Biofuels
RENEWABLE PEAK
¥ 12.7% 5=
Mountain View Solar** 3 Waiawa Solar
TH“JG.SW‘@ ‘@ Power LLC
;v 36 wew / 144 wem
Wai‘anae Solar 4
276 ww

o Waiawa Phase 2
W o
30 ww / 240 weem

Aloha Solar Energy Fund | .
5w

Kahe Power Plant
650 nw
Energy Park 71
1 ww
Canihall} ial Park .
Generating Station O ; ‘West Loch Solar O Waiau Power Plant
130 ww 20 aw 500 naw
H-POWER = Honolulu Power Plant
3 (=) Kopono Solar** "
68.5 ww % 42 now / 168 wwn ® 113 aaw 5
. N Deactivated in 2014
Kpolel Cnecgy Somon' o | Kalaeloa Renewable
e am ‘ Energy Park /7 Airport Emergency
Aloha Solar Energy Fund Il 5y L O Cacy
5 new
Ho'ohana Solar I**
. ‘@ 52 ww / 208 wwn
AES West Oahu Solar™* i /o)
12.5 vw 7 50 wmam . doe Sotee

5 wew

O Kalaeloa Partners
208 ww

* Awaiting approval ** In progress

Source: Hawaiian Electric Sustainability Report 2022-2023

@ ———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
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“Hawaiian Electric Announces ‘Mind-Blowing’ S ——

Maui Electric

Solar-Plus-Storage Contracts” S
NEWS RELEASE

FOR IMMEDIATE RELEASE

“It’s hard to overstate the scale New solar-plus-storage projects set low-price
of this announcement.” said benchmark for renewable energy in Hawai’‘i
. ’_ Seven contracts submitted to regulators for review
Dan Flnn_FOley’ a senior energy HONOLULU, Jan. 3, 2019 — Hawaiian Electric Companies have submitted contracts for seven

“ ] grid-scale, solar-plus-storage projects on three islands to the Public Utilities Commission for

Storage analySt at OOd review. The projects are part of the largest and lowest cost portfolio of new renewable energy
. resources to be assembled in Hawai'i.

Mackenzie Power &

R bl The projects — three on O‘ahu, two on Maui and two on Hawai'i Island — will add approximately

enewabnlces. 262 megawatts (MVV) of solar energy with 1,048 megawatt-hours (MWh) of storage. The energy
storage can provide four hours of electricity that can further reduce fossil fuel use during peak
demand in the evening or at other times when the sun isn't shining.

HECO to install 1 GWh of new BESS
Entire BESS market in US (in 2019) was 1.4 GWh

Project name Island Developer Size Storage ost per KWh\
Waikoloa Solar Hawai'i AES 30 MW 120 MWh / $0.08
Hale Kuawehi Hawai'i Innergex 30 MW 120 MWh $0.09
Kuihelani Solar Maui AES 60 MW 240 MWh $0.08
Paeahu Solar Maui Innergex 15 MW 60 MWh $0.12
Hoohana O'ahu 174 Power Global | 52 MW 208 MWh \ $0.10 /
Mililani | Solar O‘ahu Clearway 39 MW 156 MWh \  $0.09
Waiawa Solar O‘ahu Clearway 36 MW 144 MWh \. $0.10 /
Source: Jan. 4, 2019, Greentech Media \/
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Community Based Renewable Energy (CBRE)

The CBRE program is designed to promote broader participation in renewable energy projects by allowing
electric utility customers unable to install private rooftop solar to purchase shares in a renewable energy facility
to offset their monthly energy consumption via a credit for that renewable energy on their utility bills.

Bill credit = Credit Rate x Energy Generated
Size of Subscription

The 28 kW ROIZ CBRE
Maui project is online.

Procedural History Of CBRE In Hawaii

On June 8, 2015, Act 100 requires Hawaii’s electric utilities to create a
tariff by October 1, 2015 to enable customers to join community
renewable programs.

On April 5, 2018, the PUC, in Order No. 35395, approved and directed
KIUC to implement its CBRE tariff.

On June 29, 2018, the PUC, in Order No. 35560, approved HECO to
implement their CBRE program (Phase 1).

CBRE Phase 1 Projects

ROIZ CBRE Maui 28.32 0.165

Mililani Tech Oahu 270 015
Solar 1

Palailai Solar 1 Oahu 3,000 0.15

KHLS Oahu 1,720 0.15

SouthPoint ~ Hawail 754 0.15

Island
NI Molokai 250 0.225
Plantation

CBRE Phase 2 Projects

* Now open to PV projects that may or may not include BESS.

* Unlike Phase 1, which was limited to 8 megawatts, Phase 2 will be
open to about 250 MW of renewable generation across the five
islands Hawaiian Electric serves. The second phase places special
emphasis on opportunities for low-to-moderate-income residential
customers to participate.
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Mahalo! .

® ?& §
For more information, contact: )
(Thank you)
CGidSTART

Grid System Technologies Advanced Research Team

Leon R. Roose, Esq.

Principal & Chief Technologist
GridSTART

Hawaii Natural Energy Institute
School of Ocean & Earth Science &
Technology

University of Hawaii at Manoa

1680 East-West Road, POST 109
Honolulu, Hawaii 96822

Office: (808) 956-2331

Mobile: (808) 554-9891

E-mail:

Website: www.hnei.hawaii.edu
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Hawaii Natural Energy Institute (HNEI)

University of Hawai'i at Manoa

Organized Research Unit in School of Ocean and Earth Science and Technology
Founded in 1974, established in Hawai'i statute in 2007 (HRS 304A-1891)

« Conduct RDT&E to accelerate and facilitate the use of resilient alternative
energy technologies and reduce Hawaii's dependence on fossil fuels.

« Diverse staff includes engineers, scientists, lawyers; students and
postdoctoral fellows; visiting scholars

Areas of Interest Core Functions
* Grid Integration (GridSTART) - State Energy Policy Support
* Policy and Innovation « Research & Development
* Alternative Fuels « Testing and Evaluation
* Electrochemical Power Systems « Analysis
* Renewable Power Generation «  Workforce Development

« Building Efficiency
 Transportation
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Established to develop and test advanced grid architectures,
C- I dS ’ A R " new technologies and methods for effective integration of
rl el rm i | Gy of et renewable energy resources, power system optimization and
Grid System Technologies Advanced Research Team \resilience, an d en abli ng pOIiCieS /

» Serves to integrate into the operating power grid other HNEI
technology areas: energy efficiency, renewable power
generation, biomass and biofuels, fuel cells and hydrogen

« Strong and growing partnerships with Hawai‘i, national and .~ |
international organizations including Asia-Pacific nations "éé_/:hé255139"-

“IEC 62933"

“EDL Cod
Expertise & Focus:

> Energy Policy and Regulation » Power Systems Operation Lead for many
» Renewable Energy Grid Integration » Power Systems Engineering and Standards pUbIIC-pI' Ivate
» Smart Grid Planning & Technologies ~ » Communications Design and Testing demonstration

» Power Systems Planning » Project Management and Execution

projects

> RE Resource Procurement
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