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Energy Storage in Hawaii Today

» Important resource to enable high levels of renewables on grids
» Flexible tool to meet grid operating needs
» Non-generation substitute for ancillary services vs. shifting energy

» Kauai, Lanai, and Maui grids operating with significant levels of variable renewa
supported by energy storage systems

» Promising tool to integrate distributed generation
» Significant interest in customer-sited storage
» Demonstrations looking at distribution-level applications

» Broad range of applications, siting, and ownership models
» Ancillary services, peak load mgmt., customer-demand mgmt.
» Mix of R&D, IPP, utility, and customer projects
» Transmission, distribution, and customer-side applications




Hawaii Electric Systems
4 electric utilities; 6 separate grids

Kauai Island Utility

Cooperative . .

27 MW PV (24 MW in development) Maui Electric

System Peak: 78 MW Maui: 60MW PV / 72MW Wind

Customers: 32,700 System Peak: Maui 200 MW
Kaua‘i Lana’i: 1MW PV

System Peak: Lana’i: 5 MW
Moloka’i: 1.2 MW PV

System Peak: Moloka’i: 5.5 MW
Customers: 68,000

¥ ..
’
oy

Hawaiian Electric
221 MW PV / 100 MW Wind /

69 MW WTE ‘

System Peak: 1,100 MW Lana‘i
Customers: 300,000 P

Moloka‘i

Hawai‘i

Hawaii Electric Light
39 MW PV / 30 MW Wind /

38 MW Geothermal / 16 MW Hydro
UNIVERSITY of HAWAI'L

MANOA System Peak: 190 MW
Source: Hawaii Natural Energy Institute Customers: 81,000




Hawaii Battery Energy Storage System (BESS)
Projects; RFPs

-—m

Kauai Island Utility Cooperative Koloa BESS 2011
Kauai Island Utility Cooperative Port Allen BESS 3 2 2012
Lanai La Ola Solar ... for 1.2 MW PV (solar) on 5 MW grid 1.125 0.5 2011
Kaheawa Wind | ... 15t (30 MW) wind on 200 MW grid 1.5 1 2009
Auwahi Wind ... 2" (22 MW) wind on 200 MW grid 11 4.4 2012
Kaheawa Wind Il ... 31 (22 MW) wind on 200 MW grid 10 20 2012
Maui Electric / USDOE Smart Grid BESS ... Wailea 1 1 2013
Hawi Substation ... for high wind penetration circuit 1 0.25 2012
HELCO Battery Energy Storage System ... utility owned (2) 0.1 (2) 0.25 2012

KIUC Energy Storage RFP ... 45 project proposals received, for batteries / flywheels / pumped storage hydro /
compressed air / water heaters.

HECO Energy Storage RFP ... 60 to 200 MW for Oahu. Proposals due 7/21/14.



Kauai and Maui County Energy
Storage Projects

PLANNED
Port Allen BESS — Kaheawa I BESS
3 MW/2 MWh é”ﬁ{,‘f'a BESS (Planned) 1.5 MW/1 MWh
Xtreme Power Li-i Xtreme Power
Advanced lead acid I=1on Advanced lead acid
New RFP

Kaheawa II BESS
10 MW/20 MWh
Xtreme Power
Advanced lead acid

7

MECO Smart

Koloa BESS Grid BESS
1.5 MW/1 MWh 1 MW/1 MWh
Xtreme Power Al123
Advanced lead acid Lithium Ion
(Additional 2MW Li-
ion planned) PLANNED Maui JUMPSmart

HNEI/MECO 200 EVs

Molokai BESS

2 MW/397 kWh 43

Altairnano

Lithium titanate

Auwahi Wind BESS
11 MW/4.4 MWh
Al123

La Ola PV BESS Lithium Ion

1.125 MW/0.5 MWh
Xtreme Power

UNIVERSITY of HAWAI'T Advanced lead acid
MANOA

Source: Hawaii Natural Energy Institute




Storage Helping Integrate Wind and Solar Power Todq
Maui Island Case

72 MW Wind
_ 60 MW PV
132 MW Total

Kaheawa Il
(21 MW)

=

\ Auwabhi
(21 MW)

Kaheawa |
(30 MW)

s

111111

63,000 Customers

/" Daily Load Shape \
Load 4 200

(MW)
e/

\_ 24hr /

e ot

UNIVERSITY of HAWAI'T

MANDA

Source: Hawaii Natural Energy Institute



Storage Installed at Wind Plants to Reduce Variabi
And Operate as “Virtual” Generation Unit

Curtailed Wind
m Curtailed Solar
Central SOLAR
m Distributed SOLAR
mKWP2
©AUWAHI
EKWP1
B (= Peaking

System Load

200

150

MW

100

| | OCycling
EM10-M13
EM171819
|| oM141516

O K1K2

B K3K4
mHCS&S
BActual Load

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time Of d ay Source: Hawaii Solar Integration

UNIVERSITY of HAWAIL'L
MANOA



Oahu Energy Storage Projects

HECO PV/BESS EV Carport
6 kW/20 kWh
ThunderSky/Greensmith
Lithium ion

e
.

PLANNED
HNEI/HECO

CIP BESS Demo
1 MW/250 kWh
Altairnano
Lithium titanate

New RFP
60-200 MW

UNIVERSITY of HAWAI'T Yk Utility project

MANDA

Source: Hawaii Natural Energy Institute




Oahu Storage Proposed to Increase Grid’s Capacity to |
High Levels of Solar and Wind

MW 1400 - “Low” Renewable
Penetration

1200 - e Imports

wom Solar
e e Wind
= Peaking
800 - :
mmm Cycling
== Waiou 7 &8
600 NS
mmm Kahe

mmm Kalaeloa CC
mmm AES
mm Firm RE

400

200 -
—Load

1400 -
MW
1200 -
Curtailment
1000
occurs when al
800 - dispatched
thermal units ar
600 N0l at minimum
power
— ﬁ:ora.ge can
200 -

0

Source: Hawaii RPS Study, forthcoming. A Week Of Operation




Big Island Energy Storage Project

, 9

HELCO Power Conditioner
2 x 100 kW/248 kWh
Saft

Lithium ion

UNIVERSITY of HAWAI'T
MANOA

Source: Hawaii Natural Energy Institute

HNEI/HELCO
Hawi BESS

1 MW/250 kWh
Altairnano
Lithium titana

* Utility project
® IPP or Third-



BESS Demonstration Project Highlig

Haw’i 10 MW Wind farm at Upolu Point Hawaii Island
« 1MW, 250kW-hr at wind and utility interface; Li-ion Ti
« Control algorithms for frequency regulation and wind
smoothing
NEDO Maui JUMPSmart Demonstration Project
« 200 Evs with charge management

« Control algorithms to match renewable energy supply
and DR applications

Molokai Secure Renewable Microgrid
« 2MW, 333kW-hr, Li-ion Titanate;

« Control algorithms for managing operating reserves,
(fault management, frequency regulation)

CIP industrial feeder with high penetration (-3 MW of
distributed PV)

* 1MW, 250 kW-hr at substation; Li-ion Ti

« Control algorithms for power smoothing, voltage and
VAr support, and frequency regulation



Hawaii Energy Storage
Project Summary

Hawaii

Jroed

UNIVERSITY of HAWAI'T Yk Utility project

MANDA

Source: Hawaii Natural Energy Institute ® IPP or Third-




KIUC Battery Energy Storage

8

BIANAIAN APUNI
: Project
iruTA g Size(A.C.
: output)
W% 6/4
oS MW/MWH
g g 1.5/1
’- | MW/MWH
3/2
MW/MWH

Location

Anahola

Poipu

Port Allen

Grid Tie

Transmission
Station

Dedicated
Distribution
Feeder

Dedicated
Distribution
Feeder



Battery storage on Kauai

= Koloa BESS
= Rating: 1.5MW/1MW-hr

» OQOverload Rating: 2.25MW
for < 10 seconds

= Commissioned: October
2011

= Type: Advanced lead acid




Port Allen BESS (2 units identical to
Koloa)

Rating: 3 MW/2MW-hr
Overload Rating: 4.5MW for < 10 seconds
Commissioned: December 2012

Type: Advanced lead acid




Future battery storage project:

Anahola

6 MW lithium-ion BESS

Primary purpose:
Smoothing 12 MW PV
system scheduled for
operation in 2014

Kaua‘i Islanc
- Utility Cog

Your Touchstone Energy



Battery storage: The Kauai experience

= Frequency response
= PV smoothing

= Covering for loss of generation

On at least a half-dozen occasions
over the past 18 months, batteries
have “stepped up” and prevented outages




Frequency 1

KOLOA
201 3un'3013:09.58 F0607

WURVIBATT T.21 3p:3@ Watts:

HIOLO&
201 U301 30953 510807

VU012 3. 30 Viells

201 34uy301 3:09:50 £40435

E030

B020 4

G000

S840

580

2870

SEE0

5850 4

5940 -
0.2Mq

oo

Frequency response

System Frequency (Hz)

+—— D9 Trips - 5.6 MW Loss of Generation

+—— Frequency drops to 59.4 Hz

-0.24

-0.44

0.6k

0.8k

RRIE

-1.2m4

BRI'E

-1.6M-
01544

Koloa BESS - 1.5 MW

+— Initial BESS frequency response of 1.4 MW

I4 BESS units pushing Power for 95 seconds ’I

oo

0.5k

BRITE

BEUE

-2.0ki4

2.5k

-50u-

Port Allen BESS - 3.0 MW

4« Initial BESS frequency response of 2.8 MW




BESS Frequency Response
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PV smoothing

B sowetaB s T

Port Allen MW PV Array

oS N

A0 7:35am 8:21pm

2013000 000000 003000
0.0

~3.0mi

-4

5.
5.0 6 Mw, ’-J

SO12_S0 Bt 501213

201 3hsnl5 00:00:00.000000

Port Allen 3MW BESS

o M ”W“

-2 Ohio
BESS Exporting Power when PV
284y Array moving from a high state to a
low state. Notice large duty cycle.

3 MW

304

3.5
Darz JHoura 0 004 s 06 A0 00 208 0 20at W2 A3 A4 WM NG 2T MME 0 209 2000 0 202 ARE 2

%Kaua‘i Island
- Utility Cooperative

Your Touchstone Energy® Cooperative




Next Frontier: Breaking through Distributi
System Boundaries

e %DG of Circuit
: S Daytime Min Load
R .. [ ] Lessthan 25%

[ ] 25upto 50%
[ 50upto 75%
B 75 upto 100%
I 100% and greater

%DG of Circuit
Peak Load
[ ] Lessthan 10%
[ ] 10upto 15%
[ 15upto 50%
I 50upto 75%
B 75% and greater

*published as of 1/11/2014 *published as of 1/11/2014

)
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Current grid limits have slowed DG interconnection significantly  >curce: Hawaiian Electri
» Active demonstrations evaluating distribution-level storage applications

« Utilities and stakeholders drafting tariff language for customer-sited storage

« Commission white paper envisioned active market for distributed storage

» Aggregated distributed storage can help address system integration constraints



Storage Potential of Grid Interactive
Water Heating
(“Electric Thermal Storage”)

— wﬂmmmm E HEATING SYSTEMS | SEASONALLY AND 1800 '

HVAC TH STORAGE ICE e
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B DOMESTIC WATER HEATERS ; : :
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§
T
i

. HIGH POWER CAPACITORS

Grid-interactive

M LEAD ACID BATTERIES -
S NI-CAD BATTERIES 1200 . _
Es—— METAL-AIR BATTERIES Electric Thermal

L0 BATTERIES
I oS BATTERIES
I Li-/ON BATTERIES

i : VRLA |

Total cost of ownership in $/kWh
-

ZINC AIR BATTERIES I 800
FLYWHEELS | | | I |

600
COMPRESSED |

50 $1,000 $2,000 $3,000 $4,000 $5,000 >$5,000
$ /KW 200
B THERMAL I e LECTRO-CHEMICAL ELECTRO-MECHANICAL
0
0 1000
The Electricity Storage Association Total cost of ownership in $/kW

US Department of Energy Sandia Lab ES-Select -
Energy Storage Valuation Software Tool

Acknowledgement: KANU Hawaii / Shifted Energy
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The Stem system

Cloud—based energy intelligence
platform that leverages smart
storage, helping businesses control
demand charges and providing
utilities with

flexible capacity.

Hawaiian
Electric
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Peak reduction with Stem

Load (kW):
Fri, September 5
Site Load:

Utility Load:
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Policy and Regulatory Reforms to
Achieve Hawaii’s Clean Energy Futu

» Recent directives and orders to Hawaii’s utilities to implement new
business models to become a world leading operator of a high
renewable energy resource grid

» Regulatory policies and pricing also need to reflect these new business
models with new incentives to achieve Hawaii’s clean energy future

» Review and revision of pricing of energy services to reflect new
business and technical demands




Recent Major Decisions and Orders to
Implement the Integrated Grid

» Integrated Resource Planning Docket No. 2012-0036, Order No. 32052

» White Paper entitled: “Commission’s Inclinations on the Future of
Hawaii’s Utilities” which outlines the vision, strategies and regulatory
policy changes required to align new utility business models with
customer’s changing expectations and state energy policy

» Provided specific guidance for future energy planning and review,
including strategic direction for capital investments in the integrated
grid of the future

» With respect to energy storage specifically required the utilities to
address grid support functionality through distributed energy storage
sited on utility distribution infrastructure or behind the meter for
customer sided energy storage to mitigate impacts of high solar PV
penetration on circuits




» Reliability Standards Working Group Docket No. 2011-0206 Order No.
32053

» Adopted recommendations from the RSWG working group final
work product for integrating utility scale and renewable energy
resources in reliable and economic manner

» Specific directives for actions to lower energy costs, improve
system reliability and addressing emerging challenges to integrate
additional intermittent renewable energy

» Directed the utilities to prepare energy storage utilization plans
for all island grids to be included in Power Supply Improvement
Plans requirements




» Policy Statement and Order Regarding Demand Response Programs
Docket No. 2007-0341 Order No. 32054

» Specific guidance concerning the objectives and goals for demand
response programs as distributed energy resources to be used by
the utilities as generation resources

» Requires integrated demand response portfolio that will enhance
system operations and reduce electricity costs to customers

» Required utilities to address using distributed energy storage and
customer sided storage including electric vehicles for demand
response




Outline of JUMPSmart Maui 3" JuMpPsmartmaul

In Maui, large scale renewable energy (72MW of wind and 40+ MW of distributed PV)
has been introduced. In addition, EV high penetrations are expected soon.

Issues

»Excess Energy

»System Frequency Impact

~Distribution Line Voltage
Impact

Solutions

»Integrated DMS
»HdDMS &Smart PCS
»EV charger control
»Battery system
»Direct Load Control
~ICT Platform

Basic Policy for Demonstration

| Maximize Utilization of Renewable Energy (RE) |
: Stable Supply of Electric Power :
: Solution for Impact of EV & PV High Penetration 1

©Hitachi, Ltd., 2013. All rights reserved. 20




Geographical Locations of Devices in Maui '@ JumMpPsmartmaui

SMART ENERGY. SMART CARS. SMART GRIOD.

Server room
LAY ' DMS
Kapalua ) ‘b

EVECC
Bulk Battery DLC
(Li-lon)
.kaanapah k H 7 O DC Fast Chargers(Installed)
““‘\ "’./ aiku

- » Kahului Pala 2 0 DC Fast Chargers(Plan)

Lahaina = 4\ “-Wi""uﬂj."!@b . _“& o
}ir ® ﬂ o/ -;kalani.‘;’l *Njafawac(? Wallua
Q{ j‘ O/ ) sVC

Maalaea % “
Whole Maui Island : a\% " | : V' 2
Normal Chargers 200 : :
sets

Bulk Battery
| (Li-lon) .
Micro-DMS 15 sets R ~ g™

Smart PCS 10 sets : bt Bulk Battery
Home Getaway 40 sets o B (Lead Acid)
Home Battery 10 set '

Switch 12 sets

©Hitachi, Ltd., 2013. All rights reserved. 21




9 JuUMPSMartmaui

SMART ENERGY. SMART CARS. SMART GRID.

Overall View of System Configuration

|

Direct Load
1 Control

—‘
§ Smart City Platform (Information Contro! Hub) AMI

W M2M Network

N

SVC Bulk Battery Switch
1set 3sets 12 sets ts Locauons

2

:

-g éasunng
E ,

unication

DC Fast EV level-2
v Charger . {8 ™" Charger
mwmymmm ; b m

DLC: Direct Load Control

DR: Demand Response r
AMI: Advanced Metering Infrastructure <
SVC: Static var

Compensator
DMD: Data Measuring & Communication Device Home SmartPCS Water EV level-2
DP: Distribution Panel
2 Battery jgsets  Heater  Charger

PV: Photovoitaic .
:&s: Power mmms,rm 20 ghaﬁ';_m 10 sets

©Hitachi, Ltd., 2013. All rights reserved. 22




System Operation — Integrated DMS '@’ Jumpsmartmau

Maximum Utilization of Renewable Energy

Advanced load shift |

Helps shift energy demand by integrating forecasts of renewable power
generation with the operating schedule of the project’s batteries.

¥
| Renewable Power

1 H Power Generation !
Generation Forecast

Plan

Might Midnight Daytime

VVVVVVV

Th tional load shift technol Advanced
e convenitional 10ad sni ecnnoiogy + RE forecasts added

©Hitachi, Ltd_, 2013. All ights reserved. 23



System Operation — Integrated DMS (cont.) @ JuMpsmartmau

Maximum Utilization of Renewable Energy

Advanced load shift

Helps shift energy demand by integrating forecasts of renewable power
generation with the operating schedule of the project’s batteries.

=™ Cxcess energy |
forecast graph J

—— —1 —§—§

E————— R R N W R E R S U
EEEEE

The charging is scheduled to start
when the balance would have excess supply

@Hitachi, Ltd., 2013. All rights reserved. 24



System Operation — Integrated DMS (cont.) ‘@ uMPsmATTmau

Stable Supply of Electric Power |

Emergency demand and supply control

. | Keeps the electric power system stable by controlling and helping to restore loss
;d of balance between power supply and demand.

©Hitachi, Ltd., 2013. Al rights reserved. 25




JuMPsmartmaul

SMART ENERGY. SMART CARS. SMART GRID.

\"

Home Equipment

Smart City Platform (Information Control Hub)

Direct Load
Control

laol )

AMI

uoneziwndo

M2M Network

E S\/C Bulk Battery Switch
ﬁ 1 set 3 sets 12 sets
3.
§ 41 -DM
Gateway
DC Fast i
v Charger ..» g4 38 evﬂz

DMS: Dﬁrlmv aw

DLC: Direct Load Control
DR: Demand Response

esb qu:-,

AMI: Advanced Metering Infrastructure

SVC: Static var nsator

Efm.;“:::z b S Home  SmartPCS Water CEX level-2
SE EERIGRIE - Battery 10 sets Heater arger
PCS: Power Conditioning System 20 Cﬁa%mg 10 sets

EV: Electric Vehide gg Bﬁidgns:gs

©Hitachi, Ltd_, 2013. All rights reserved. 26




Home Equipment (cont.) G JuMesmarimaul

Direct Load Control to Enable More Renewable Energy

Smart EV Charge and Water Heater Control

©Hitachi, Ltd., 2013. Al rights reserved. 27




Mahalo!

For any questions, please contact:
Lorraine.H.Akiba@hawaii.gov
(808) 586-2020
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