Smart Grid for Smart Cities

“The Maui Smart Grid — A Smart Energy Technologies Showcase”

Leon R. Roose, Esq.
Principal & Chief Technologist

C Hawai'i Natural Energy Institute | University of Hawai'i

Grid System Technologies Advanced Research Team

Eb' Hawai'i Natural Energy Institute

School of Ocean wEn Scence and Technology UNlV[RSll‘Y o/ HAWAI'T
Seiearahy o e MANOA

Hawaii Natural Energy Institute
School of Ocean & Earth Science & Technology
University of Hawaii at Manoa
1680 East-West Road, POST 109
Honolulu, Hawaii 96822

APO 34 World Conference on Green Productivity

Taipei, Taiwan, Republic of China
November 4, 2014

#aw  Center of Excellence on Green Productivity
Y Asian Productivity Organization

THEENER Kes#fiD

{3}

Apv







But, Hawaii’s Isolatlon Poses a Senous Challenge ....
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High Energy Cost Drains the Island Economy

Hawaii Residential Electric Cost per kWh and Qil Cost

High Cost of Service

$0.40 $160
Hawaii ranks #1 in U.S. ot o
electric energy costs: —
46.4 cents/kWh  Molokai B
46.3 cents/kKWh Lanai f0.20 $80
42.2 cents/kWh Hawaii o
37.8 cents/kWh Maui
34.6 cents/kWh Oahu R
(Avg. residential rates for 2013) $0.05 20 (o
B Ol Cost

50 $0

11 - 12 cents/kWh  U.S. avg.

SELEEs kel EIREIE Gl Fuel costs make up more than 70 percent of the typical bill

High Electricity Price and Volatility Linked to Cost of Oil

[Renewable Energy Aimed to “Break the Link” and Lower Cost
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Opportunity for Sustainability in Hawaii is Abundant
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rogressive Leadership in Clean
Energy Policy

ditorials

Ambitious energy agreement charts right course

conversaticn. Post
comments abost
actiodals ol
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lions of dollars, and the state  the state's goal of 70 percent  changed energy model. A more
should maximize opportunl-  clean encrgy by 2030 is a Jaud:  unified, more efficient grid will
that ns;\mslmlny rests with  tles for federal funding able plan thas setsus on the  support differeat energy
one of the areement's signa-  through the Departmentof — right path. Indeed, Hawaiiis  sources, primarily wind; HECO
tories, consumer advocate Energy or similar sources. uniquely positioned tobea  will mave from a sales-based
1t calls for streamslining the  the $0-page agreementalso  Catherine Awakuni, and the And even with federal fand-  Jeader in the area of wind, company 10 an energy services
regulatory process to achieve  lacks some key details. Per- Public Utilities Commission.  ing — US, Sen. Daniel K. wave and solar energy efforts.  peovider; and the consumer
some worthy goals, including  haps the most important one,  Awakuni and the PUC have  Inouye attended the signing And in the long term, re- — will have more control over
sending wind energy from given these tough economic  the obligation to ensure that  ceremony for the new agree-  newables offer an unlimited  energy costs with new waysto
Maul, LAnad and Molokaiito  times, is how much willitall  the average ratepayer isoYun- - ment — ratepayers will ikely  supply of environmentally  conserve using technology.
('ahy via state-ofthe-artun-  cost, and how much of that  fairly burdened by the costof e asked to pick up some of — friendly energy and reduces The Lingle administration
dersea cables, and developing  cost will the consumer be developing the new, renew-  these costs as an investment — our over-reliance on fossl - hopes the agreement will be a
a2 smart grid” so customers  asked to bear? able-cnegy Infrastructure. (o the state’s venewable ener  els < 4 more sensible and sus-  win-win for everyone - the
can get lower rates during off-  Admittedly, It's a difficult There will be significant up- gy future. tainable future. state, HECO and consumers.
peak hours. question to answer, given the — front investment costs. The (¥ fuwreisthe  [t's an ambitious plan. Ifthe  Refining these details will
‘That's the good news, But  scope and complexity of the  undorsea cable alone could  direction in which the state. agreement's goals are met, the  help ensure that success.

betwoen the state and Hawai
inn Electric Co. is expected to
make some significant
progress in reducing Hawait's
dependence an fossil fuels,

Hawaii Clean Energy Initiative (HCEI)

Strong Hawali Policies

Highest RPS Target
In the United States

40% by 2030
(2015 - 15%; 2020 - 25%)
Other key policies:

* Net metering
* Feed in tariffs
» Tax incentives

UNIVERSITY of HAWAI'l
MANOA

The State of Hawaii, US DOE, and local utility launched
HCEI in January 2008 to transform Hawaii to a 70%
clean energy economy by 2030:

* Increasing Hawaii’s economic and energy security
» Fostering and demonstrating Hawaii’s innovation
* Developing Hawaii’s \workforce of the future

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

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

DSIRE

Database of State Incentives for ﬂenewables & Effi

RPS Policies

www.dsireusa.org / December 2011
VT: (1) RE meets any increase
in retai sales x 2012;
(2) 20% RE& CHP x 2017

MN: 25% x 2025
(cel: 30% x 2020

ME: 30% x 2000
New RE: 10% x 2017

MA: 22.1% x 2020
New RE: 15% x 2020
(+1% annually thereafter]
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[PA~isw x20m17]()
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IL. 25% x 2025

ﬁ VA: 5%x2!725‘

nm
—
OK: 15% X 2015 NC: 12.5% x 2021 (100s)
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.
NM: 20% x 2020 (10Us) """"‘”“ .
10% x 2020 (co-ops)

e,
Minimum solar or customer-sited requirement

a
. Renewable portfollo goal

@ Solar water heating eligible 1 Includes non-renewable alternative resources

3K Extra credit for solar or customer-sited renewables




Exceeding Hawail RPS Goals

Renewable Generation for Hawaiian Electric Companies -
Current Generation Achieved and Generation Required

40 —
35 Hawaliian Electric Companies @
B 18.2% RPS at year-end 2013
30 — (9.3 % RPS at year-end 2008)
20 —
20 — 0
15%

15 —
10 —

5 _

D — I I I I

2012 2013 2015 2020 2030
Renewable Generation Achieved Renewable Generation Required

Renewable Portfolio Standard (Act 155)

Source: Hawaiian Electric Companies 2013 Clean Energy Update Report
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Hawaii’s Renewable Energy Projects

“Clean Energy, Lower Bills”

Oahu (~1M people)

System Peak: 1,100 MW
Customers: 300,000 Renewable Energy Projects as of December 2013

» H-POWER

* Hawaiian Electric
GT-1

+ Kapolei Sustainable Energy Park 1MW
+ Kalaeloa Renawable Energy Park SMW
+ Kalaeloa Solar Two SMW

» Lana‘i Solar with battery 1.2MW

» Kaheawa | 30 MW
 Kaheawa |l with batiery 21 MW

All Islands
Customer
PV
A01MW B cther [ Wind e
Solar [l Hydro
- Tawhiri 20MW

M Bic Fud Geothermal
Source: Hawaiian Electric Companies 2013 Clean Energy Update Report

[On Oahu, 250 MW of large-scale PV projects in PPA negotiation}

UNIVERSITY of HAWAIL'T
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Rapid Growth in Customer Sited Solar PV in Hawaii

* Rooftop PV in Hawaii has grown 15 fold in
less than 5 years

PV generation can exceed customer demand
in many areas of the island

Cumulative Installed PV -- As of June 30, 2014

Click here for Map summary

Percentages calculated based

off of circuit peak load as of
August 21, 2014.

Maui Click here for Street
Check Summary
ZESN Click here to view the
Peak Penetration Map S tl’ee t Check
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Renewable Portfolio Standards (RPS) Projections

RPS % by Company

mm Hawaiian Electric Hawai‘i Electric Light Maui Electric ——Consolidated
100%
0%
80%
70% . 64% 6736
62%
s9% ©1%
57%
60% 54%
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20%
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\/ \/
Hawaiian Electric Companies
Power Supply Interconnection Plan (PSIP)
(Filed: August 26, 2014)
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Wind and Solar Resource Intermittency

and Variability

MEC O Frequency & KWP kil Output - Feb. 25, 2002
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Maui Island
Leading the way in Wind and Solar Power

Wind - 72 MW

PV -72 MW

Kaheawa | 144 MW
(30 MW)

~48 MW of Distributed PV
~24 MW Pre-approved
72 MW Total

Kaheawa Il
(21 MW)

63,000 Customers
/ Daily Load Shape\

Load 4 200

ol
f\ Auwahi
- (21 MW)

12
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Maul Island Test Bed

A Model of Smart Grid Innovation & Collaboration

Maui Smart Grid Project (2009) ~$12 M

— US DOE funded, HNEI led project to integrate smart grid technology to
achieve reduced peak load on a distribution circuit and better
management of intermittent renewable energy

Maui Advanced Solar Initiative (2012) ~$11 M

— US DOE & ONR funded, HNEI led project to develop and demonstrate
advanced PV inverter functionality in a smart grid environment

JUMPSmart Maui (2011) ~$30 M

— NEDO funded, Hitachi led project to integrate high levels of PV, wind
energy, and EV into an island wide smart grid environment

Great Maui Project (2013) ~$20 M

— NEDO funded, Hitachi led phase 2 of JUMP Smart Maui project, to
demonstrate EV vehicle-grid and Virtual Power Plant integration

All projects have partners in common and share
hardware, results, and lessons learned

UNIVERSITY of HAWAI'I
MANOA
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MAU:s o

VAVAVAVAVAVAVAVAVY,

» Implement advanced communications and control
technologies to improve grid performance
« Demonstrate new “smart grid” technologies to:
— Reduce peak demand by 15%
— Better integrate wind and solar power
— Improve grid reliability
— Inform consumer demand decisions

il Maui
P Electric
V Vv
A A

L
E"I Hawaii Natural Energy Institute

University of Hawaii at Manoa

ALSTOM S'LVER@W

%Sentech, Inc.

Hawaiian
Electric

@ medb

)) MAUI COLLEGE

maui economic development board, inc.

UNIVERSITY of HAWAI'T"
MANOA




Project will Manage Distributed Energy Resources
(DER) to Support Grid Operations

Home Area Network
Advanced Metering Demand response

Monitor PV
Infrastructure

Customer feedback

TWO_Way COI’T! mS_ Solar PV monitoring Smart Ig,-holme
Outage detection

[SSN Data Center

H UtilitylQ UtilitylQ
ustome

. AMM

utilitylg Wl UtilitylQ l{/tillittqu

oltage

NEM FWU Monitor

Utilitylo [ UtilitylQ

\ ODS |DRM

MECO Data Wailea

Center Sub
£ N\ BaCkh au |

patsssssleey

EEEBE e’

Maui Meadc/w§

Load
Control
Current

monitorin Switches
1 1 1 deviceg
Distribution T
Management o . DER Battery Distribution Monitoring
System Decision support Energy Current measurements
Volt / VAr Control St
(&) Improve visibility orage
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MAUI

» Deploy new Smart Grid Inverters
ADVANCED -Ploy
S O LA R » Utilize Inverter Management Control Software (IMCS)
» Utilize standards-based controls and communications
INITIATIVE > Employ detailed distribution modeling and high-
resolution field data to develop advanced inverter
settings
!! Hawi N luralEnergy Institute
Wl o e Research Project lead
. * Project oversight, management and direction
C-rIdSTART * Smart Inverter application design; performance and data analytics
- . Communications Technology Lead
Silver Spring- - Mesh Communication System; IMCS
NETWO L « Customer Engagement via PV Customer Portal
Inverter technology leads
 roniv= e ] » Leads for communications integration into inverter
» Develop control functionality in inverter; implement control programs sent from IMCS
e Host utility in Hawaii
—W LW hawaiian Inverter operations for field pilot; performance evaluation
oo e faue g PIOL P
Co-Services lead
& RISINGSUN ELECTRIC

/| Pepco Holdings Inc

UNIVH{\I TY (Jf H/\V\/\l |
'MANOA

» Sales, marketing, installation, project management, customer service

Host utility in Washington DC
* Inverter operations for field pilot; performance evaluation

Co-Services lead
» Sales, marketing, installation, project management, customer service

Inverter Testing Facility 16
 Site of functional requirements and inverter testing



Utility Back Office Systems

Inverter Management &
Control Software

* Provision inverter on network

* Manage PV Production Data

» Send control signals to inverter
* Monitor status of inverter

Silver Spring Networks
Access Point

Customer IQ
« Utility web portal

» Customer can see net bill
impact & solar production

0 Utility Operator in IMCS creates and sends Volt-
VAR or Volt-Watt curve to Smart Grid Inverter to
adjust inverter VAR or Watt injections into the grid

<

wn>
O
A0

Smart Grid Network

Silver Spring Networks
Network Interface Cards

Home

2
-
-
<
m

Smart Meter
Utility owned

+900 MHz utility smart grid network to sHome's primary meter == gl

back office systems *Reads net energy use ‘h“:“:‘,

*SEP 2.0 over 2.4 GHz ZigBee to inverter and voltage (15 min. =

«Send inverter control signals Interval) =

through network o Fronius,

*Retrieve home net energy use data — Hitachi, or
: SMA
Web Portal Inverter

P

900 MHz

«ZigBee to
ModBus

Communications —7——5&’
.

Module
*SEP 2.0 DER x ‘“

e
2.4 GHz

Obvius Power

Monitor
*HNEI owned

eInverter AC output
*Volts, Watts, Vars,
etc. (1 sec interval)

Smart Grid Inverter receives
curve, senses system Voltage

Smart Grid Inverter adjusts VAR or Watt
output based on curves to respond to

system fluctuations

FRONIUS HITACHI
(191:4V/100, 203.8V/0, 212.2V/0, (220.8v/100, 235.2V/0,
“ 224.6V/-100) 244,8V/0, 259.2V/-100)
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\
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2000

Voltage




JUMPSmart Maui Project

A Japan — United States Smart Grid Demonstration Project

SN
(_NEDO HITACHI

Inspire the Next

Hi
School of Ocean and Earth Science and Technology
University of Hawal'| at Manoa

U

CyberDefense

m maulieconomic
. I . = DEVELOPMENTBOARD

UNIVERSITY of HAWAI'T 18
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JUMPSmart Maui Project '@’ JuMpsmartmavul

In Maui, large scale renewable energy (72 MW of wind and 72 MW of distributed PV)
has been introduced. In addition, many electric vehicles (EV) are expected soon.

Issues

»Excess Energy

»System Frequency Impact

»Distribution Line Voltage
Impact

Solutions
»Integrated DMS
»MDMS &Smart PCS
»EV charger control
»Battery system
»Direct Load Control
»|CT Platform

Basic Policy for Demonstration

/\ i Maximize Utilization of Renewable Energy (RE) )
\ / HITACHI

Inspire the Next

£
m
U
O

Stable Supply of Electric Power

Solution for Impact of EV & PV High Penetration

UNIVEPéIMTY of HAWAI'T ©Hitachi, Ltd., 2013. All rights reserved. 19
ANDA



Overall View of System Configuration '@’ JuMpsmartmavi
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Direct Load
Control

Smart City Platform (Information Control Hub)
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SVC Bulk Battery Swntch
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DC Fast 1EV level-2

v Charger .» & Charger
EVECC: EV Energy Control Center t m
S Al O -

A /- d

DLC: Direct Load Control

DR: Demand Response

AMI: Advanced Metering Infrastructure
SVC: Static Var Compensator

ool S Home  SmartPCs Water EV level-2
PV: Photovoltaic Battery 10 sets Heater arger

PCS: Power Conditioning System 20 Chgrging
Stations 105885

EV: Electric Vehice 40 Residences

20
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9 JUMPSMartmaui

EV Fast Charging Stations on Mauli

SMART ENERGY. SMART CARS. SMART GRID.

Ve
0

21

©Hitachi, Ltd., 2013. All rights reserved.
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Great Maul Project

Development of VPP solutions in Maui

..........................
®ee,
%o,
®e

il (2
Charger

Wind power
Generation

£

)

”"g !
\
.

[ O &

a«

« o

Charger WH
Home Gateway
Smart PCS PV -

Virtual Power Plant

................. Thermal Power
EVECC Generation

PV: Photovoltaic

WH: Water Heater

ICT: Information Communication Technology

DMS: Distribution Management System

DR: Demand Response

Smart PCS: Power Control System

ADMS: Advanced Distribution Management System
GCS: Grid Control System

VCC: Electric Vehicle Control Center

22
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Integrate Renewables and Transform

63,000 Customers

Daily Load Shape

Load 200
(MW)
85
24hr
Kihei area
HITACHI /\
lllll the Next
(ﬂ EDO
HITACHI CONSORTIUM o o ket Tochiilii

Substation

(Distribute)

EV Energy

Control
Center

the Maw Grld

= e Rapid EV chargers B n
EMS EVECC to be provided by
Hitachi via NEDO
funded project

72 MW of
Distributed PV

Wind Farm

AWE l
(21MW)

UNIVERSITY of HAWAI'l"
MANOA

ADVANCED

SOLAR
INITIATIVE

MAI e

VAVAVAVAVAVAVAVAVY,

« voltage monltorlng
« demand response
+ PV monitoring

Wailea area 23 |




Partnering for a Clean Energy Future

i International collaborations, such as the successful Japan-US partnership
in smart grid technology development on Maui island, serve as a crucial
catalyst to drive smart energy technology innovation

u Hawali is an ideal ‘test bed’ to prove concepts and learn lessons about
smart energy technologies in action that will achieve ...

v A clean natural environment

V Energy independence and security
\ Affordable and stable energy costs
v Increased societal productivity

All Keys to Delivering a Sustainable Energy Future

UNIVERSITY of HAWAI'Il"
MANOA




Mahalo!

(Thank you)

For more information, contact:

Hawai'i Natural Energy Institute | University of Hawai'i

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: Iroose@hawaii.edu ©
Website: www.hnei.hawaii.edu UNIVERSITY of HAWAIT

MANOA
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