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Hawaii’s Isolation Poses a Serlous Challen

In 2008, nearly

90% of Hawaii’s
energy was met :
using fossi/ fue/§" il

100% of the
crude oil for
the State is

imported

US Dept of State Geographer
" -2 2013 Google
image © 2013 TerraMetrics
Data SIO, NCAA, U.S. Navy, NGA, GEBCO

——
S

Hawaii ranks #1 in U.SJ electric

energy costs:

47.1 cents/kWh Molokai
45.9 cents/kWh Lanai
41.9 cents/kWh Hawaii
37.8 cents/kWh Maui
35.5 cents/kWh Oahu
(Avg. residential ratesfor 2014)

11 - 12 cents/kW U.S. avg.
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Opportunity for Sustainability in Hawaii is Abundant

T Demand [
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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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Progress Toward A Clean Energy Future ‘Hawaii RPS Goals )

Hawaiian Electric Companies 2015
20
RENEWABLE PORTFOLIO STANDARD PROGRESS 030 - 40%
(% of generation) 2040 - 70%
2045 - 100%
40% 2030 YEAR-END RPS TARGET k Lo L0 j
3 2021 STATE RENEWABLE EMERGY GENERATION (GWHS)
35% 2 32 . IE%F]I-EH
30% 2020 RPS TARGET MET e
25% @ 23 23 23 24 ';_Ltdrg Customear
20% 1 g 1.;1;:..5
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Wind
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LESS OIL USED FOR POWER GEMERATION

{i mians: of qallans
2011 2012 2013 2014 B0 75m
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50 FROM 2008
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Hydro Wi
Loss of Geothermal ;_:
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Source: Hawaiian Electric Sustainability Report 2022-2023
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Hawall Electric Systems —

4 Electric Utilities; 6 Separate Grids; % Renewable Energy

Maui Electric (June 2023) Maui
- - - i : * 75 MW PV + 300 MWh BESS
Kaua‘i Island Utility Cooperative (April 2023) Maui System Peak: 206 MW (Approved)
) 145 MW PV* / 72 MW Wind/ 24 MWh BESS PP
System Peak: 80 MW e TEae T [ (2 P 40 MW PV + 160 MWh BESS
125 MW PV* / 7 MW Biomass / 16 MW Hydro* / 260 MWh BESS ) (Pending Approval)

105% of Sys. Peak

Installed PV: 156% of Sys. Peak -
Lana | SVStem Peak: 51 MW M0|Okai (Pendinq ADDrovan

X (o) LS

*\West Kauai Eneray Proiect \ ac?lohi\év'i F’S\Qstgf: F{;acr(f Ssvg-MPVt\elak) 2.45 MW PV + 11 MWh BESS
Approved = . .
Ly%?-g Z M\)N Kaua’i 00% O‘ahu 2.7 MW PV / 2 MW BESS Lanai (Pending Approval)

(0] . *
PV 35 MWac/56 MWdc 802601 state population (48% of Sys. Peak) 17.5 MW PV + 89 MWh BESS

+ 35 MW/70 MWh BESS

20 MW Pumped Hydro Moloka‘i

e - A
Hawaiian Electric (June 2023) " Hawaii Electric Light (June 2023)
Lana‘i Hawai‘i System Peak: 191 MW

System Peak: 1,216 MW

905 MW PV* / 123 MW Wind /
69 MW WTE / 168 MW Biofuel /
300 MWh BESS*

Installed PV & Wind:

85% of Sys. Peak

159 MW PV* / 34 MW Wind / 120 MWh BESS
38 MW Geothermal* / 17 MW Hydro
Installed PV & Wind:

101% of Sys. Peak

* 30 MW PV + 120 MWh BESS (Approved)

* 143.5 MW PV + 1,266 MWh_ BESS (Approved) Renewable Energy Peak Sae;;:‘:\ii;n'(lgloPl\l/lavr\\/t) |§L:2 Eopigallzg):icateifsttijgﬁd
12 MW / 12 MWh BESS (Pending Approval) Daily Production in 2022 An 8 MW expansion, to 46 MW, is approved
(e.g. occurred on May 22, 2022)
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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

No

Annual
§25

$0.10

50 MW

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

Yes: Utility or
Aggregator

Yes

$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: Customer

N/A
$169.09

Year-over-year market doubling of rooftop-solar

Solar Day

Annual
525

$0.15

25 Mw

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

Yes: Economic
Yes: Customer
(Economic)

N/A

$93.79

2022 Status
AN

37%

SINGLE-FAMILY HOMES
WITH ROOFTOP SOLAR

Cumulative Installed PV Capacity
(Hawaiian Electric Companies)

1,400
1,058
661,019
1,000 H
902
800 o 745
% hNY 695
2 50% of Cumulative Peak Load 586
© 600
& 487
= 389
400 A
301
200 - =
79
2 \2 5 12 24 40 Y
9 L I O T R S S S, S S-S S VR VRO
$ & ST & S SN N I PO - R S RN L P
S S ’\9’\9’\9’19'19’19’19’79%6’9’19@@‘9
\ ) o
Y >

Retail rate NEM
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Grid Codes & Pre-qualified Inverters

The Foundation

VvV Vv Hawaiian Electric

@9 @ MauiElectric

Hawai‘i Electric Light

A

QUALIFIED GRID SUPPORT UTILITY INTERACTIVE
INVERTERS AND CONTROLLERS MEETING MANDATORY
FUNCTIONS SPECIFIED IN RULE 14H

(EQUIPMENT THAT MEETS CUSTOMER GRID SUPPLY AND STANDARD INTERCONNECTION AGREEMENT (SIA))

Proven Advanced Inverter Functions Enable Higher PV Circuit Penetration

Inverter Apparent Energy No Information SG424 (120V/208V/240V)
Submitted

Inverter Canadian Solar No Information CSI-36KTL-CT (DSP FW Ver 0.30)
Submitted

Inverter Chilicon Power LLC No Information CP-250-60/72-208/240-MC4-MTC (FW 232 or
Submitted greater)

Inverter Chilicon Power LLC No Information CP-250-60-208/240-MC4 (FW 232 or greater)
Cuhmittad

IEEE 1547-2018 standard

Provides performance requirements
for generation connected at the
distribution level, including inverter-
based generation.

Addresses issues related to high
penetration levels of inverter-based
generation, whereas previous IEEE
1547-2003 version assumed low
level of distributed generation.

Vnlt-Watt Volt-Var

i

>

Plue Wik dhubeb
% Auailakile
|
k-

% valtage

Mitigates secondary Circuit voltage
high voltage by reducing optimization; regulates
real power as a function voltage as a function of

of voltage. vars.
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https://www.hawaiianelectric.com/Documents/clean_energy_hawaii/list_of_advanced_legacy_equipment.pdf

Online Interconnection Application

— v -
. . ‘ Hawaiian
& & Electric

T TN R

Welcome Marc Matsuura Interconnection

to the Customer Interconnection Tool Application Process

This portal allows you to: e
1. 5ubmit new interconnection applications. View applications Available -
2. Wiew saved and submitiec projects.
I Wisw Project Reports

4. Manage ecoount details

1. apply for
nterconneckion

Technical Motes:

2. Revisw submizcal
2zckags for
Completeness Review

* Please do not use the browser's Back/Forward butions to navigate the site.

= |Fyou return to a previously-submitted page and make changes, you must resubmit the Form.

= This website supports the following browser versions and higher: Internst Explorer 11, Edge, Chrome
45, Firefiox 54, and 5afari 6. Older versions will not function properly.

Start a Mew Application

View Saved and Submitted Projects

IF you hawe already initiated or submitted an application, you may access its progress or status.

3. Revisw Techniczl
Reguirements for
System

4. Conduct Studies and
Utility InszallfUpgrades
(fnecsssary)

View Projects

5. Complets Project

) o @b o £ o [E o @o@

. . . lidati
Applications Available Ve
The Following interconnection applications are available for submission at this tme through this portal
&, Exsoute Agresment
CUSTOMER SELF-SUPPLY -jus;ije-_qa :ei\.':s For
Signatures)

*  Mon-Export - available to all bypes of generator technologies and sizes wiere energy will not be

exported ko the grid or where uncompensated export is acceptable.
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Hawailian Electric has an
online interconnection
application portal to take
the customer or their
contractor through the
application process.

The application portal
gathers all the
Information required to
complete the technical
screening process.




Posted Hosting Capacity — Searchable Website

x (@ OshuLocational Volue Mop (V1. X | 4

-locationa lvm) ® Q

ectnc.com/c

ahu Locational Value Map (LVM)

Searching for an address or
clicking on a parcel provides
the available PV capacity on §
4 the circuit at that location in
8 percent (%) and kW
available

. ¢ » z 4 >
g S\ R
; D, SR L e
; JF’"" qu_gh‘;/ oA
v ", ] 2 el -
3 »

il
OIS

Provides on-line circuit hosting capacity
limits by address on a searchable map.

QSRS o 511 LUNALILO HOME RD
".’I_.‘.f._] HONOLULU, HI 96825

7' ey % Available*:
kW Available**:

Penetration Range
Circuit Peak:
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DPV Staffing Needs Increase [:s»

Quarterly System Additions

4 000 Hawaiian Electric Co. (305,000 Customers)

Hawaliian 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/lbudget/capacity building to implement B E L L L LR EEEEEEE
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Kaual Island Utility Cooperative (KIUC) — 100% RE Experience

Kaua'‘i Island Utility Cooperative (April 2023)
System Peak: 80 MW

125 MW PV* / 7 MW Biomass / 16 MW Hydro*
Installed PV: 156% of Sys. Peak

\
\

Kaua’i

» RE strategy focused on utility scale
solar and batteries (with 46 MW of

customer-owned solar, mostly rooftop)

« 35 -80 MW daily demand profile

107 MW oll-fired capacity
(Includes CTs able to operate in
synchronous condenser mode)

« 50 MW /260 MWh battery Storage
(11MW / 29 MWh customer owned)

First ran 100% RE in Feb 2019, for 30 minutes

Thousands of hours across hundreds of days
since then

Daytime only (record 10 hours)

Need more long-term storage to extend 100%
RE to 24/7/365

2012 Energy Mix 2022 Energy Mix

Biomass

Sar 40% oil

90% oil

Source: KIUC
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Rate Stabilization

W

One Year 500 kWh Cost % Change

g # # #

L1 EIE]

— ahu

Biglsle

Maui

Lanai

Molokai
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Average Residentail Rates

2022 (cents/kWh)

Kauali
Oahu
Big Island
Maui
Lanai
Molokai

39
43
48
43
55
53

Source: KIUC



https://energy.hawaii.gov/energy-data/

West Kaua'i Energy Project (WKEP)

*West Kauai Energy Project

(Approved)  KIUC’s new renewable
Hydro 4 MW . ..
PV 35 MWac/56 MWdc resource options are limited

+ 35 MW/70 MWh BESS
20 MW Pumped Hydro to solar and hydro

—  WKEP meets up to 25% of
| KIUC'’s energy needs

* Wil push KIUC close to 90%
renewable energy

Continuous flow into Pu'u Lua as long as
conditions are metl:
= WFS in streams

- Diteh carry - 0.
Bl Resarvoir con hatd A DHHL LANDS

e
GENERATE/PUMP

A R B o e s « Long duration storage
e, | . capabilities significantly

o o [ S Rt > extends 100% RE operating
' time

7. New Pipe (26 MGD flow through)
8. Pu'u Opae Powerhouse

9. Pu'u Opae Reservoir
10/ New Pipe (cycled water XX MG)
11 Mana Powerhouse

12 Mana Reservoir

13 PV Array and Substation
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BESS for Island Power Systems




Maul Wind Integration — Kaheawa Il Wind Plant

% increase
Percent of available energy delivered |in delivered
Facility (% before / % after) energy
Kaheawa | 97% / 99% 2%
Auwahi 72% [ 84% 17%
Kaheawa Il 27% | 45% 68%

BESS Function

MECO Operations

« 10MW / 20MWh

« Manual and AGC Dispatch™

» Aggressive Frequency Response

« Ramp Rate Limit within a limited SOC
Range

by 1.5MW

—=p « |Include 10MW of BESS in Up Reserve
" Reduce Down Reserve of M14 & M16

» Reduced Operation of K1 and K2
* 50MW Up-Reserve Limit

o T
...."
7| —
|

200

Kaheawa |
30 MW

Auwabhi
21 MW
11MW/4MWh

—_—

Curtailed Wind
= Curtailed Solar

Excess Energy

&
e
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Central SOLAR
® Distributed SOLAR
mKwWP2

AUWAHI
mKWPL
= Peaking
nCycling
mM10-M13
|M171819
OM141516
mK1K2
mK3Ks
BHCES

BActual Load




Example Case — HNEI Report on Curtallment Mitigation in PICs

Phase |

FSM (Chuuk, Kosrae and
Pohnpei), RMI (Ebeye and
Majura), Fiji, Kiribati,
Mauru, Palau, Solomon

Battery Storage Deployed (MWh)

Tuvalu,

Tonga
L/

Vanuatu, ang

F5M (Yap)

Samoa

¢

Phase IV

~20.0

New VRE Resources
Case 1: Incremental Solar (100%)
Case 2: Incremental Solar-Wind (50%-50%)

VRE Penetration (%)

o W b =

=

10
11
12
13

Kosrae (FSM)
Funafuti (Tuvalu)
Yap (FSM)
Ebeye (RMI)
Weno (FSM)

Tarawa (Kirbati)

Majuro (RMI)
Tongatapu (Tonga)
Koror (Palau)
Efate (Vanuatu)
Solomon Islands

Upolu (Samoa)®

Viti Levu (Fiji)

Group 1 (0 - 5 MW)

1.3
14
19
20
3.0

Group 2 (6 - 7 MW)

56
5.8
6.2

Group 3 (9 - 16 MW)

9.4
11.5
11.5
13.2
159

Group 4
300

Group 5
180.2

3.2
15.7
19.5
0.0
51

6.6
7.7
41

0.8
11.8
20
14.7
1.7

44 4

64.27"

3.2
15.7
19.5

0.0

51

6.8
7.7
41

0.8
11.8
20
14.7
1.7

44 4

0.4*

, —

!
-

]

*In 2020, Samoa had about 8 MW / 13.7 MWh of storage

** BT7% of Fiji's electricity in 2020 was provided by firm hydropower
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HNEI Spreadsheet-Based Model for the PICs

3-HOUR BESS 4-HOUR BESS 5-HOUR BESS
INPUT PARAMETERS OUTPUT INPUT PARAMETERS OUTPUT INPUT PARAMETERS DUTPUT

Capacity Energy MWh %= Capacity Energy MWh % Capacity Energy MWh =

Pmin Diezel 0.45 MW Diecel 26277 | 299% Pmin Diezel D.45 MW Diesel 26,326 | 30.0% Pmin Diesel 0.45 MW Diesel 26,275 | 299%

New Wind 00 MW New Wind ()] oo New Wind 0.0 MW New Wind (o] oo New Wind 0.0 MW New Wind )] oo

New Solar L& MW New Solar 60,977 | 69.5% New Solar 0.2 | MW New Solar 60,860 | 69.4% New Solar 30.1 MW New Solar 60,960 | 69.5%

2020 RE 496 | DA% 2020 RE 496 DA% 2020 RE 496 | 0.6%

Storage (MWh} DLE | MWh [Total Load B7.690 | 10005 Storage (MWh} 120.E_ | MWh [Total Load B7.682 | 100.0% Storage (MWh) 150.5 | MWh [Total Load B7.681 | 100.0%

BESS |nverter (MW) L& MW BESS |nverter (MW) 0.2 | MW BESS |nverter [MW) 30.1 MW

BESS Duration (hrs) 30 | hours rex  [DiDae)| | [BESS Duration (hrs) 40 | hours rex [W0o%| | [BEss Durationihrs) 50 | hours REX

Initial BESS S0C 00 % Initial BESS 0C 0.0 F Initial BESS 50C 0.0 %

Min BESS 50C 0o % MWh % Min BESS 50C 00 [ MWh % Min BESS 50C 0.0 % MWh %

Max BESS Inverter Output | 100.0 % [Curtailment | 303259 | 47% Max BESS Inverter Output | 100.0 [ [Curtailment | 31387 | 0.5% Max BESS Inverter Output | 100.0 F [Curtailment 1159 | 0.0%
% of Available RE % of Availabie RE = ofAvailable RE

2035 - Majuro Highest RE Generation Week

2035 - Majuro Highest RE Generation Week

2035 - Majuro Highest RE Generation Week

PV Meeded: 31.6 MW
BESS: 31.6 MW/ 94.8 MWh
Curtailment: 4.7%

PV Needed: 30.2 MW
BESS: 30.2 MW/ 120.8 MWh
Curtailment: 0.5%

PV Meeded: 30.1 MW
BESS: 30.1 MW/ 150.5 MWh
Curtailment: 0.0%

Il Diese Total Existing RE New Solar

B BESS Discharge

Clload

B BESS Charge

B Curtailment

=—=BESS SOC

30th Annual PPA Conference - CEOs Retreat | 18




Select takeaways from HNEI's assessment of PIC systems

Curtailment on Kosrae at 70% RE
= Geographic and resource diversity of VRE generation has the effect of smoothing the aggregate purely from PV and a 5-hr BESS

VRE power output

= BESS effectively captures and shifts VRE energy production, enabling increased VRE penetration W
and reducing excess energy curtailment to economically viable levels & ¥ BB

= At moderate levels of VRE penetration (e.g., 30 - 50%), a mixture of PV and wind resources
combined with BESS results in less VRE excess energy curtailment (and reduced amount of
energy shifting BESS needed) versus a PV only case

waek with the highest RE generation

= However, as VRE penetration reaches higher levels (e.g., > 70%), having a significant portion of
wind resources diminishes the ability of energy shifting BESS (e.g., ~3 to 5 hour BESS) to reduce
curtailment (shown to the right in red), due to relatively longer duration low and high wind periods
(spanning days or weeks) when compared to the diurnal solar cycle

Curtailment on Kosrae at 70% RE with
50/50 PV/wind and a 5-hr BESS

= As VRE penetration is pushed to very high levels (and approaches 100%), the need for long-term
storage grows dramatically and economic viability is strained

= Retaining a modest level of thermal generation can offset the need for long-term storage while
securing adequate generation capacity and energy availability for isolated island grids

week with the highest RE generation
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Mahalo!

(Thank you)

® - .
*%
For more information, contact: @

(GidSTART

mmna ' bl [y beed e | L wor ey o

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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Hawa i Natural Energy Ietitute | Universi

Grid System Technologles Advanced Research Team

« 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

Expertise & Focus:

» Energy Policy and Regulation

p

A

Established to develop and test advanced grid architectures, new

technologies and methods for effective integration of renewable

energy resources, power system optimization and resilience, and
enabling policies

» Renewable Energy Grid Integration

» Smart Grid Planning & Technologies
» Power Systems Planning & Resilience

> RE Resource Procurement

“"NYBESSG”

S o B Sy,

e

» Power Systems Operation e Lead fOf’ many
» Power Systems Engineering and Standards . .
o . . public-private
» Communications Design and Testing )
» Project Management and Execution d emonstration
projects
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&= C-ridSTART

11 Mabural Fnergy lagtitute | Unkeerdby of Mawsd'l

Grid System Technologles Advanced Research Tedm

Mr. Roose is a tenured faculty member of the Hawai‘i Natural Energy Institute
LLeon R. Roose (HNEI), University of Hawai‘i at Manoa, where he formed and has led for
Chief Technologist over a decade HNEI’s GridSTART (Grid System Technologies Advanced
Research Team), a team of professionals focused on energy transition enabling
policy and regulation, advanced grid architectures, grid modernization
technologies, and novel methods to achieve reliable grid integration of RE
resources, power system optimization and energy resilience goals.

He served in numerous leadership roles at the Hawaiian Electric Company for
19 years prior including management of renewable energy planning and
integration, generation resource planning and competitive procurement,
negotiation and administration of all power purchase agreements for the
utility, transmission and distribution system planning, smart grid planning and
projects, system relaying and protection, and fuel purchase and supply to all
utility generating plants. He is a licensed attorney, formerly in private law
practice in Hawai‘i and served as Associate General Counsel at Hawaiian
Electric. He holds a B.S. in Electrical Engineering and a J.D. from the
University of Hawai‘i at Manoa.
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s UNIVERSITY

|| of HAWAI'S C rldSTART

Hirsaal ¥ Hariwral Braprgy Inciste | Unbserbty of Hawal'l

Grid System Technologies Advanced Research Team

Marc M. Matsuura Mr. Matsuura joined the Hawai‘i Natural Energy Institute (HNEI),
Sr. Smart Grid Program Manager University of Hawai‘i at Manoa, in 2013 as its Senior Smart Grid Program
Manager. He is a founding member of HNEI’s GridSTART (Grid System
Technologies Advanced Research Team), a team of professionals focused
on energy transition enabling policy and regulation, advanced grid
architectures, grid modernization technologies, and novel methods to
achieve the reliable grid integration of RE resources, power system
optimization and energy resilience goals.

Prior to joining HNEI, he was with the Hawaiian Electric Company for 21
years. His career at Hawaiian Electric included positions of leadership in
the areas of transmission and distribution (T&D) engineering, T&D
standards and technical services, system operation, transmission planning,
smart grid planning, and system integration. Marc is a licensed
professional electrical engineer in Hawaii. He holds a B.S. in Electrical
Engineering and an M.B.A. from the University of Hawai‘i at Manoa.
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Harwesl | Watursl Erergy Im2itete | Unieriity

Grid System Technologies Advanced Research Team

Mr. Schmidt is a Senior Energy Regulatory/Policy Analyst with GridSTART

Damon L. Schmidt (Grid System Technologies Advanced Research Team), a research group within
Senior Energy Regulatory/ the Hawai‘i Natural Energy Institute (HNEI), University of Hawai‘i at Manoa.
Policy Analyst GridSTART’s focuses on energy transition enabling policy and regulation,

advanced grid architectures, grid modernization technologies, and novel methods
to achieve the reliable grid integration of RE resources, power system
optimization and energy resilience goals.

Mr. Schmidt has over 15 years of energy sector work experience. Prior to joining
HNEI, he served as the Director/Manager of Hawaiian Electric Company’s
Regulatory Non-Rate Proceedings group, and in outside regulatory counsel and
financial consulting roles for Hawaiian Electric as both a solo practitioner, and
with the law firm of Goodsill Anderson Quinn & Stifel. Mr. Schmidt delivered
key regulatory and financial guidance to shape Hawaiian Electric’s positions in
its many proceedings before utility regulators. He is a licensed attorney in the
State of Hawai‘i and holds a B.S. in finance from the University of Hawai‘i, an
M.B.A. (international business focus) from Pepperdine University in California,
and a J.D. from the University of Hawai‘i William S. Richardson School of Law.
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