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Hawaii’s Isolation Poses a Serious Challenge …. 

Threat to Hawaii’s:
• Security

• Economy

• Environment

100% of  the 

crude oil for the 

State is imported

In 2008, nearly 90% 

of  Hawaii’s energy 

was met using

fossil fuels



Over-Dependence on Fossil Fuels

• Has been the most oil dependent state in the U.S.

• Hawaii still pays the highest electricity rates in the 

U.S.

IMPORTED

$3 Billion

Hawaii ranks #1 in U.S. 
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 rates for 2014)

11 - 12 cents/kWh U.S. avg.
3



Renewable Energy Aimed to “Break the Link” and Lower Cost

High Energy Cost Drains the Island Economy
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High Electricity Price and Volatility Linked to Cost of Oil



Opportunity for Sustainability 

in Hawaii is Abundant
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Source:  National Renewable Energy Laboratory, Hawaii Clean Energy Initiative Scenario Analysis, 2012; and DBEDT 
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Hawaii’s Progressive Leadership in

Clean Energy Policy

Highest RPS Target 

in the United States

100% by 2045
(2015 - 15%; 2020 - 30%, 2030 – 40%, 2040 – 70%)

Other key policies:

• Tax incentives

• Net metering

• Feed in tariffs

• Decoupling

Strong Hawaii Policies

Hawaii Clean Energy Initiative (HCEI)
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
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Renewable Portfolio Standards in US

Courtesy of SolarPowerRocks.com
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• DECISIVE POLICY DIRECTION – a 30 year adventure 
energized by the Hawaii Clean Energy Initiative (HCEI)

• PRINCIPLED, POLICY LEADERSHIP – Hawaii’s plan 
for HCEI is embodied by policies & a stakeholder 
alliance

• STAKEHOLDER ALLIANCE IS KEY – Energy 
stakeholders are aligned on Hawaii’s energy policy 
agenda

• POLICY & TECHNOLOGY INNOVATION LEADERSHIP
–HNEI and our technology and policy partners are 
collaborating on building a resilient, cost-effective, 
efficient & self-sufficient energy future for Hawaii. 

Policy Team Overview
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Hawaii’s Energy Transformation Policies

• HRS 196-6.5

new home solar 

hot water heating 

mandate

• Act 155 revised 

RPS to 25% by 

2020, 30% by 

2030; created 

EEPS (4300 

GWh reduction 

by 2030); allowed 

EPC contracting, 

public building 

benchmarking

• Comp. 

Bidding 

Framework 

Docket

• Act 73: 

Created 

$1.05 

“Barrel Tax” 

for HCEI 

• Decoupling Docket

Utility is able to 

recoup losses due to 

efficiency measures 

even if sales decline

• Act 10: Clarifies 

RPS includes RE 

delivered to utility from 

customer sited grid 

connected systems

2008

2009

2010

2011

2012

• Act 89, Act 168 

Clarifies EV incentives, 

i.e., exemptions from 

parking fees and high 

occupancy vehicle lane 

restrictions

• Act 97, Act 193 

permits geothermal 

resource development 

on state lands; exempts 

geothermal exploration 

from EA/EIS 

requirements

Regulatory Proceedings

• Intragovernmental Wheeling (opened in 2007)

• HECO Feed-in Tariff (opened in 2008)

• HECO Rule 14H  (opened in 2010)

• Implementation of Reliability Standards (opened in 2011)

• Integrated Resource Planning (opened in 2012)

INITIAL FIVE YEAR DRIVERS

-HEI/State of Hawaii Energy Agreement -Portfolio Standards (RPS & EEPS)

• Energy 

Agreements 

– USDOE-

Hawaii & 

Hawaii-HECO

• Act 208 

establishes 

Energy 

Security 

Special Fund
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Policy Highlights (2013-2016)

• Act 97 (2015)  100% RPS (electricity sector) by 2045

• Act 99 (2015)  Net zero energy requirement for University of Hawaii 

• Act 100 (2015) Community-based renewable energy program

• Act 185 (2015) Applies barrel tax to other fossil fuels like natural gas as 

follow-up to ending sunset on source of funding under Act 107 (2014)

• Act 201 (2015) Repayment for clean energy improvements via electricity bill

• Act 164 (2014) State Building Code adoption streamlined & strengthened

• Act 37 (2013)  Authorizes PUC policy to accelerate retirement of utility fossil 

generation
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• 100% RE in the power sector by 
2045 – currently 27% statewide

• 4,300 GWh reduction in electricity 
use by 2030

• Public Utilities Commission at 
center of changes to electric grid.

• Renewable energy tax credits, net 
energy metering, feed-in tariff

• Continued diligence on improving 
laws at federal and state level

• Petroleum reduction plans in 
transportation of 62-72 MGY

RPS

EEPS

Regulatory 
involvement

Incentives

Legislation

Transportation 
Roadmap

Hawaii’s Energy Transformation Drivers
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Exceeding Hawaii RPS Goals
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Source: State of Hawaii, "Hawaii Energy Facts & Figures," Hawaii State Energy Office, Honolulu, May 2017

Hawaii RPS Goals
2015  - 15%

2020  - 30%

2030  - 40%

2040  - 70%

2045  - 100%

State-wide 2015 RPS Goal = 15%

RPS year-end 2016 @ 26.6%
(9.5% RPS at year-end 2009)



Hawaiian Electric Company RPS - 2017

27% Statewide

21% HECO
(Oahu – Honolulu)

57% HELCO 
(Hawaii Island)

34% MECO
(Maui, Molokai, 

Lanai)
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Oʻahu

Molokaʻi

Maui

HawaiʻiLanaʻi
37%

19%

41%

54%

% Renewable 

Energy

Kauaʻi Island Utility Cooperative
System Peak: 78 MW

65.6 MW PV / 7 MW Biomass / 9 MW Hydro

Installed PV: 84% of System Peak

41.7% RE in 2016

Maui Electric
Maui System Peak: 202 MW

102 MW PV / 72 MW Wind

Installed PV & Wind: 

86% of Sys. Peak

34.2% RE in 2017

Lana’i System Peak: 5.1 MW

2.53 MW PV (50% of Sys. Peak)

Moloka’i System Peak: 5.6 MW

2.3 MW PV (41% of Sys. Peak)

Hawaiian Electric
System Peak: 1,206 MW

512 MW PV / 99 MW Wind / 
69 MW WTE 

Installed PV & Wind: 

50% of System Peak

20.8% RE in 2017

Hawaii Electric Light
System Peak: 192 MW

92 MW PV / 30 MW Wind / 

38 MW Geothermal / 16 MW 
Hydro

Installed PV & Wind: 

64% of System Peak

56.6% RE in 2017

Kaua’i

80% of state population

Hawai‘i Electric Systems –
4 Electric Utilities; 6 Separate Grids; % Renewable Energy
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Installed PV Capacity - HECO Companies
(2005 to 3/2018)

½ Peak Load

37% of total RE
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Why is DG PV So Popular in Hawaii
Federal Incentives
• 30% of the cost of Solar 

systems with no cap. Extended 
to 2019

• (Ramps down through 2020 to 
26%, then in 2021 to 22%)

State Incentives
• 35% of the actual cost or 

$5,000 per system, whichever is 
less.  No expiration date

Average Price of Residential Electricity (EIA)

State Mar-18

1 North Dakota 9.65

2 Washington 9.65

3 Louisiana 9.79

4 Idaho 9.99

5 Nebraska 10.25

.

.

46 New Hampshire 19.93

47 Rhode Island 20.22

48 Connecticut 21.04

49 Alaska 21.47

50 Massachusetts 22.49

51 Hawaii 32.05

U.S. Average 12.99

Source: Decisiondata.org 16



Distributed PV Circuit Penetrations

Distributed PV Circuit Penetrations
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DG PV Programs

x

x
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Moloka’i Island 100% RE Grid Initiative
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Opportunity to extend this initiative as a scalable model 

to other Asia-Pacific regional sites

Hawaii ranks #1 in U.S. 
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 rates for 2014)

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

• 100% Renewable Goal by 2020

• Battery Storage

• 2MW, 375kW-hr, Li-ion Titanate

• System Data Collection

• Load Flow & Midterm Dynamics Modeling

• Production Modeling

• Dynamic Load Bank

• PV Forecasting

• Island Grid Controller

• Peak Load: 5.4 MW (2013)

• Daytime Min Load: 3 MW

• PV Installed: 1.07 MW (with 

59.3Hz drop-out)

• PV Installed: 1.23 MW (with 

57Hz drop-out)
• PV Planned:  0.6 MW in que



Molokai Grid Stability
• Even relatively small disturbances can trip PV units, increasing automatic load 

shedding customer outages on the system.

• Proposed solution to increase grid reliability: a 2MW fast-acting BESS.

• The challenge: standard 250 ms response destabilizing to grid (models)

• The solution: re-engineer the way the BESS and the inverter computers 
collaborate to share computational burden

(Inverter)

(Battery)
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• Power module produces ± 2 MW 

• Capacity of  375 kW-hr

• Inverter rated > ± 2 MVA

• Over 12,000 full charge / discharge 

cycles with minimal degradation in 

cell capacity

Interior View

• Li-Ion Titanate 50 A-Hr Cells

• BESS has 2688 cells in 96 

LRU

Power Module Power Conversion System

Molokai Island BESS Project
Altairnano Li-ion Titanate

Designed for rapid charging and discharging

21



Alternatives to Storage
Dynamic Load Bank
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Small to moderate amount of excess RE curtailment is a sound integration strategy



Hawaii Natural Energy Institute (HNEI)
University of Hawai‘i at Mānoa

Organized Research Unit in School of Ocean and Earth Science and Technology

Founded in 1974, established in Hawai‘i statute in 2007 (HRS304A-1891)

• Conduct RDT&E to accelerate and facilitate the use of resilient 

alternative energy technologies; and to reduce Hawaii’s dependence on 

fossil fuels.

• Diverse staff includes engineers, scientists, lawyers; students and 

postdoctoral fellows; visiting scholars

Areas of Interest 

• Policy and Innovation

• Grid Integration (GridSTART)

• Alternative Fuels

• Electrochemical Power 

Systems

• Renewable Power Generation

• Building Efficiency

• Transportation

Core Functions

• State Energy Policy Support

• Research & Development

• Testing and Evaluation

• Analysis 

• Workforce Development
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• Serves to integrate into the operating power grid other HNEI technology 

areas:  biomass and biofuels, fuel cells and hydrogen, energy efficiency, 

renewable power generation

• Strong and growing partnerships with national and international 

organizations including Asia-Pacific nations.

Established to develop and test advanced grid architectures, new 

technologies and methods for effective integration of renewable 

energy resources, power system optimization and enabling policies.

Lead for many public-private 
demonstration projects
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Leadership in Energy Policy & Innovation

Jobs, Energy Security

Economic Development & Innovation

Environment, Climate Change
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Mahalo!
(Thank you)

For more information, contact:

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:  lroose@hawaii.edu
Website:  www.hnei.hawaii.edu

Grid System Technologies Advanced Research Team
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