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CHAPTER 1: THE HAWAII ENERGY STRATEGY PROGRAM 

1.1. HAWAII ENERGY STRATEGY PROGRAM AND STATE ENERGY 
0 B J E CTl VE S 

The Hawaii Energy Strategy program, or HES, is a set of seven projects which produced 
an integrated energy strategy for the State of Hawaii. The seven projects were designed to 
increase understanding of Hawaii's energy situation and produce recommendations to 
achieve the State of Hawaii's statutory energy objectives outlined in Section 226-18(a) of 
the Hawaii Revised Statutes (HRS) ,  as amended by Act 96, Session Laws of Hawaii 
(SLH) 1994, of: 

Dependable, eficient, and economical state-wide energy systems capable of 
supporting the needs of the people; 

Increased energy self-sqij7ciency where the ratio of indigenous to imported 
energy use is increased. and 

Greater energy security in the face of threats to Hawaii's energy supplies and 
system. 

The current State Energy Functional Plan, adopted on May 22,1991, identifies five formal 
energy objectives based upon the statutory objectives. These are: 

Moderate the growth in energy denumd through conservatioyE and energy 
eficiency; 

Displace oil and fossil fuels through alternate and renewable resources; 

Promote energy education and legishtion; 

Support and develop an integrated approach to energy development and 
management; and 

Ensure the state's abilities to implement energy emergency actions immediately 
in the event of a fuel supply disruption. 

1.2. ROLE OF THE STATE ENERGY RESOURCES COORDINATOR 

The HES program was conducted by the State of Hawaii Department of Business, 
Economic Development, and Tourism's (DBEDT) Energy Division, under its Director in 
the statutory role as State Energy Resources Coordinator as established by Section 196-4, 
HRS. 

1.3. STATE OF HAWAII' ENERGY POLICY STATEMENT 

HES also implemented the provisions of the State of Hawaii Energy Policy Statement, 
developed cooperatively with the state's Energy Policy Advisory Committee in 1992: 

Hawaii's energy objective is to ensure a dependable, eflcient, and 
economical energy system capable of supporting Hawaii's energy needs, 
while increasing the state's energy self-suficiency and energy securiq. 
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This objective will be met through increased eflciency of energy use; 
increased diversification of Hawaii's energy sources; and the maintenance 
of a strong energy emergency preparedness program 

The principle of "integrated energy planning" shall be the framework in 
which the preparation and implementation of energy plans will be 
accomplished Yntegrated energy planning" results in minimum energy 
cost plans through full consideration offuture economic, social, 
environmental, and energy security costs and benefits associated with 
available options. 

Hawaii's current overdependence upon petroleum is of major concern. 
Aggressive implementation of cost-effective energy eflciency measures and 
diversification of energy supplies shall be given priority consideration in 
reducing this overdependence and increasing energy security. 

Energy eficiency is vitally important for future economic growth, energy 
security, andprotection of the environment. Energy eficiency shall be 
strongly supported as among the most cost-effective means for reducing 
current and future energy supply requirements. 

The state shall encourage the development of its renewable energy resources 
in a socially and environmentally sensitive and cost-effective manner. 
Renewable energy research, development, and demonstration activities will 
be prioritized to advance thuse resources which have high commercialization 
potential and high benejidcost ratio. The inco7poration of renewables and 
alternative fossil fuels shall be considered in determining a practical energy 
strategy. 

Hawaii's utilities sector, whose dependence upon petroleum as its source of 
fuel far exceeds the national average, is significant because itpresently has 
the greatestpotential for improvement in the eflciency of energy use as well 
as for a major shiftfrom oil to other sources in the near term The state is 
committed to the use of Integrated Resource Planning which is the 
continuing process of developing, implementing, monitoring, and 
evaluating utility resource plans that identifi an optimum mix of energy 
resources, considering all reasonable supply- and demand-side options. 

Liquid fuel requirements for transportation account for approximutely two- 
thirds of the energy consumed in the state. In this regard, the state shall 
promote improved energy eflciency measures and alternative transportation 
systems which reduce petroleum consumption. Widespread adoption of 
alternate fuels for air and ground transportation will largely depend on 
research, development and commerciQlization activities which occur 
elsewhere. Therefore, the state shall emphasize improved energy eficiency 
in tramportation planning, construction and management, and shall position 
itself to take m a x i m  advantage of breakthroughs in transportation energy 
conservation and alternate fuels as they occur. 

The state shall assume a leading role to ensure its readiness to contend 
effectively with any disruption of energy supplies or threats to the reliability 
of our energy system, Included will be continued support for the 
emblishment of adequate petroleum reserves, or guaranteed emergency 
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access to the nation's Strategic Petroleum Reserve, to m e t  critical needs in 
the event of such disruptions. 

Development and implementation of an eflective energy strategy for the state 
will require the full participation and support of both the public and private 
sectors. The state shall provide leadership in state-wide integrated energy 
planning, the adoption of cost-effective energy conservation practices within 
government facilities and operations, and in the support and encouragemnt 
of indigenous renewable energy resources development and application 
The state shall facilitate the active involvement of the general public and 
other stakeholders in its integrated energy planning and policy devebpment 
activities and also play a major role in public education and information . 
concerning state energy policy andprograms. 

1.4. HAWAII ENERGY STRATEGY PROGRAM GENESIS 

1.4.1. Hawaii's Energy Problem 

Hawaii depends on imported oil for about 90% of its energy requirements. This makes 
Hawaii the most vulnerable state in the nation to the disruption of its economy and way of 
life in the event of an intemption of its oil supply or rapid oil price increases. Currently, 
40% of Hawaii's oil comes from Alaska and the remainder from the Asia-Pacific region. 
The export capabiities of these sources of supply are projected to decline significantly, by 
approximately 65%, by the year 2000. This will likely increase Hawaii's dependence on 
the oil reserves of the politically unstable Middle East. Hawaii is vulnerable to a possible 
supply interruption in the event of a crisis. The long distance from the U.S. Strategic 
Petroleum Reserve in Louisiana and Texas, combined with a declining number of U.S. 
tankers capable of transiting the Panama Canal, could make timely emergency deliveries 
problematic. 

Environmental protection is also a major concern for Hawaii and its residents. Energy 
production from fossil fuels is the major source of local and global air pollutants, while 
petroleum shipping and handling pose risks to fragile marine habitats and coastal resort 
areas. An energy policy which internalizes the environmental and social costs of fossil 
fuels will place added value on energy efficiency and renewable energy, but could result in 
an increase in the market price of energy to consumers. However, o v e d  energy costs 
could decline for those energy users who take advantage of the large variety of demand- 
side management (DSM), energy efficiency, and renewable energy options. 

1.4.2. Hawaii's Energy Resource Potential 

Hawaii has sisnificant, yet relatively untapped, renewable energy resources and energy- 
efficiency potential. Biomass, wind, solar, geothermal, hydroelectric, wave, and ocean 
thermal energy conversion (OTEC), resources can provide clean, stable sources of energy 
supply. Electric utilities can defer construction of additional fossil fuel-fired power plants 
by reducing electricity demand through conservation and increased energy efficiency. 
Efficiency gains in the transportation sector are also possible. 

1.4.3. The Hawaii Integrated Energy Policy Program 

All of these considerations, coupled with the fact that Hawaii is no less dependent on 
imported oil today than it was during the first oil crisis of 1973-1974, pointed out the need 
for the state government to create a more effective energy policy development and planning 
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process. Hawaii recognized that such a process would have to involve both the general 
public and the direct representation of Hawaii's "energy community." 

To prepare an integrated energy policy for the state, the DBEDT Energy Division initiated 
the Hawaii Integrated Energy Policy (HEP) program in 1990. The program was structured 
to allow the broadest possible representation of Hawaii's "energy community" in the 
process. A task force organizational structure and process were established. During the 
development of the Hawaii Integrated Energy Policy, between 1990 and 1991,57 
individuals representing 34 agencies and organizations served on the various HEP task 
forces. The groups consisted of people from federal, state, and county governments; 
regulated energy utilities; oil companies; private development companies; environmental 
groups; and university and private energy research organizations. 

Another key contributor to the HEP process was the Hawaii Public Utilities Commission's 
(PUC) Integrated Resource Planning (IRP) Docket. The majority of the Docket's 25 
parties participated in a collaborative process that recommended IRP principles and 
objectives, and, on an individual basis, testified on issues raised during the Integrated 
Resource Planning Docket. 

Two additional activities enabled hundreds of energy-conscious Hawaii residents to 
participate in the HEP development process. In 1989, the Enhancing Renewable Energy 
Development in Hawaii Workshop was held. It also involved a state-wide energy 
questionnaire survey. Two years later, in July and August 1991, a series of HEP public 
review meetings was conducted. 

1.4.4. Congressional Action 

During congressional hearings in Hawaii in 1991 as part of preparation of the National 
Energy Strategy, Senator Daniel Akaka asked then U.S. Energy Secretary James Watkins 
what the U.S. Department of Energy (USDOE) had done to assist Hawaii to decrease its 
extreme oil dependency. This question and subsequent discussions led to an appropriation, 
introduced by Senator Daniel Inouye, to support a USDOWState of Hawaii co-managed 
program to produce an integrated energy strategy for the State of Hawaii. The focus was to 
be on reducing Hawaii's energy vulnerability. 

I .4.5. The Hawaii Integrated Energy Policy and the Hawaii 
Energy Strategy 

The HES program provided an opportunity to make many of the specific mommendations 
of the HEP operational. These included increasing the DBEDT Energy Division staff's 
technical knowledge, and improving the state's energy analysis capability by developing a 
comprehensive energy modeling system. 

1.5. HAWAII ENERGY STRATEGY PURPOSE AND GOALS 

1.5.1. 

As outlined in the Statement of Joint Objectives: 

Hawaii Energy Strategy Program Purpose 

The pulpose of the study is to develop an integrated State of Hawaii energy 
strategy, including an assessment of the state's fossil fuel reserve require- 
ments and the most effective way to meet those needs, the availability and 
practicality of increasing the use of native energy resources, potential 
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altemtive fossil energy technologies such as coal gasijication and potential 
energy eficiency measures which could lead to demand reduction. This 
work contributes to the [USJDOE mission, will reduce the state's vulner- 
ability to energy supply disruptions and contibutes to the public good 

1.5.2. Hawaii Energy Strategy Program Objectives 

The HES program had the following objectives: 

Increase diversification of fuels and sources of supplies of these fuels; 

Increase energy efficiency and conservation; 

Develop and implement regulated and non-regulated energy development 
strategies with the least possible overall cost to Hawaii's society; 

Establish a comprehensive energy policy analysis, planning, and evaluation 
system; 

Increase use of indigenous, renewable energy resources; and 

Enhance contingency planning capability to effectively contend with energy 
supply disruptions. 

The HES assisted State of Hawaii planners and policy makers, and other members of the 
Hawaii energycommunity, in better understanding Hawaii's current energy situation, 
developing and analyzing possible future energy scenarios, and proposing a preferred 
energy future for Hawaii. 

The HES developed a comprehensive and integrated system for: 

Energy resource data and technology acquisition, assessments, analyses, 
and forecasting; 

Energy policy analysis and evaluation; and 

Energy planning, planimplementation and evaluation. 

The integrated strategy will also be useful for regional planning analyses and federal 
analyses by the U.S. Department of Energy. Federal policies, embodied in the National 
Energy Policy Plan, can be tested and evaluated at the state level. Hawaii represents an 
ideal candidate for such analyses because its geographic isolation allows policy makers to 
readily track energy flows, given the right analytical tools and data. 

I .6. HAWAII ENERGY STRATEGY ORGANIZATION AND PROCESS 

I .6.1. The Hawaii Energy Strategy Projects 

As noted in the introduction, the work of the HES program was divided into seven 
projects. The following is a list of the projects which are described in greater detail in 
Chapter 2. 

Project 1: Analytical Energy Forecasting Model for the State of Hawaii. 
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Project 2: Fossil Energy Review and Assessment. 

Project 3: Renewable Energy Assessment and Development Program. 

Project 4: Demand-Side Management Assessment. 

Project 5: Transportation Energy Strategy. 

Project 6: Energy Vulnerability Report and Contingency Planning. 

Project 7: Energy Strategy Integration and Evaluation System. 

1.6.2. Hawaii Energy Strategy Public Participation 

The HES Public Participation Program included direct public participation and a public 
information program. Direct public participation involved two elements: Technical 
Advisory Groups under the auspices of the Energy Policy Advisory Committee (EPAC); 
and formally established opportunities for participation by the general public. 

1.6.2.1.  TECHNICAL ADVISORY GROUPS 

Technical Advisory Groups were based on the EPAC and its Integration Group (IG) which 
were established during the development of the Hawaii Integrated Energy Policy. The 
EPAC and IG were comprised of members of Hawaii's "energy community", including 
energy companies, utilities, environmental groups, and state and county government 
organizations. The EPAC continues to serve as advisor to the DBEDT Director, who 
serves as Hawaii's Energy Resources Coordinator. Sub-committees were formed by HES 
project groups for periodic review of the progress and results of each project. The 
technical review of Project 7, the Energy Strategy Integration and Evaluation System, 
involved the Integration Group as a whole. 

1.6.2.2. PUBLIC PARTICIPATION WORKSHOPS 

The First Hawaii Energy Strategy Workshop 

The public was invited to an introductory HES Workshop held on October 23,1992. The 
purpose was to provide information about the HES program and to invite comments, ideas, 
and suggestions for additional public participation. The 171 people who registered were 
mailed copies of the Hawaii Energy Strategy Program Guide which contained 
background on the program. As it was recognized that many interested individuals would 
be unable to attend, provisions were made to provide the Program Guide and a 
questionnaire to those people. Eighty-two people participated by mail. One hundred thirty 
citizens attended the workshop. They were briefed on the program and the seven projects. 
They also participated in group discussion sessions to provide input on the program. 

The Second Hawaii Energy Strategy Workshop 

There was greater participation in the second HES Workshop on January 11,1994. 
Registrants were provided a copy of the Hawaii Energy Strategy Program Status 
Report and a questionnaire. About 180 people registered to attend and another 110 who 
could not attend requested a copy of the Status Report and the questionnaire. Persons 
attending the Second Workshop listened to briefings on progress to that point and were 
given the opportunity to ask questions and offer comments. 
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At each of the first two workshops, participant comments were collected by making a 
record of the discussions and compiling the results of the questionnaires. The results of 
each Worhhop were documented in a volume of Proceedings, which served as a reference 
for HES project teams in completing their work. 

The Third Hawaii Energy Strategy Workshop 

The third and final workshop was held on September 20,1995. The workshop provided 
the general public with the program results and a final opportunity for comments and 
recommendations before the report was finalized. A record of the third HES Workshop is 
provided as an Appendix 4. 

1.7. REPORTS ON THE HAWAII ENERGY STRATEGY 

There are three levels of reporting the results of the HES program: the Hawaii Energy 
Strategy Executive Summary; the Hawaii Energy Strategy Report; and the Hawaii Energy 
Strategy Technical Report. 

1.7.1. Hawaii Energy Strategy Executive Summary 

This document, the Hawaii Energy Strategy Executive Summary, is intended to provide a 
general overview of the HES program and its results. It includes the following sections: 

e 

e 

a 

Chapter 1: The Hawaii Energy Strategy Program provides an 
overview of the HES program, its purpose and goals. It discusses the 
organization of the program into seven projects and the process of policy 
development, particularly public participation. 

Chapter 2: The Hawaii Energy Strategy Projects summarizes 
each of the seven projects, their purposes and objectives, how they were 
accomplished, the reports issued, and the key findings of each project. 

Chapter 3: Modeling Hawaii’s Energy’ Future describes the use of 
the ENERGY 2020 and Regional Economic Models, Inc. @EMI) models in 
selecting DSM measures and programs and energy supply options to meet 
Hawaii’s energy objectives. Three scenarios embodying these objectives 
were evaluated. 

1.7.2. 

e Chapter 4: Recommendations presents the recommendations of the 
HES. This is  an implementation plan, which DBEDT intends to update 
triennially. 

Hawaii Energy Strategy Report 

The Hawaii Energy Strategy Report presents a more detailed look at the results of the 
program and is of considerably greater volume. The Report will be made available to the 
general public through the State of Hawaii Library System, the DBEDT library, and the 
DBEDT Energy Division Library. Interested individuals and organizations will also be able 
to borrow a camera ready copy from the DBEDT Energy Division to make their own copy 
if desired. This section provides an overview of the chapten of the Hawaii Energy 
Strategy Report. 
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0 Chapter 1: The Hawaii Energy Strategy Program provides an 
overview of the HES program, its purpose and goals. It discusses the 
organization of the program into seven projects and the process of policy 
development, particularly public participation. 

federal policies related to energy which influence the current and future 
energy system in Hawaii. These policies served as a basis for developing 
energy programs. 

0 Chapter 2: Hawaii Energy Policy Development outlines state and 

0 Chapter 3: The HES Projects summarizes each of the seven projects, 
their purposes and objectives, how they were accomplished, the reports 
issued, and the key findings. While space does not permit a complete 
summary of each, the reader is referred to the individual project report 
documents which are available through the State Library System. 

0 Chapter 4: Hawaii’s Current Energy Situation discusses energy 
demand in the regulated and non-regulated energy sectors, sources of fossil 
energy and renewable energy supply, and concludes with a summary of 
energy trends and issues. 

ENERGY 2020 model used to simulate Hawaii’s energy system and its 
interaction with the REMI model. The two models were used to create a 
baseline economic forecast for use in assessing energy policy alternatives. 

0 Chapter 5: Modeling Hawaii’s Energy Future describes the 

0 Chapter 6: The Energy Forecasts: Hawaii’s Energy Future 
Under Current Plans established a baseline for the future for 
comparison against various options. Based upon current plans, forecasts 
are provided for the regulated and non-regulated energy sectors with regard 
to energy demand and supply, costs, emissions, risks, and benefits. 

0 Chapter 7: Reducing Energy Demand: What Could Work to 
Improve Hawaii’s Energy Future? This chapter looked at what 
Hawaii could do to improve its energy future. It examined 29 measures 
designed to reduce energy demand. It outlines the energy and economic 
model assumptions, and methodology. Next, the measures were tested in 
the four county models individually as a screening for their aggregation into 
programs for each county. The programs were tested and the results for 
each county are presented 

0 Chapter 8: Scenario Assessment analyzes three scenarios 
incorporating demand reduction programs from Chapter 7 and preferred 
resource supply options. The scenarios were created to embody the State of 
Hawaii’s statutory energy policy objectives. They included Cost-Effective 
Energy Diversification; Maximum DSM/M&um Renewables; and Energy 
Security scenarios. The scenarios were then run in the ENERGY 2020 
model and the results are presented. A sensitivity analysis found the results 
to be robust. The chapter concludes with a comparative analysis of the three 
scenarios. 

0 Chapter 9: Recommendations presents the recommendations the 
HES . 

~ ~~ 
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1.7.3. Hawaii Energy Strategy Technical Report 

The Hawaii Energy Strategy Technical Report is organized identically to the Hawaii Energy 
Strategy Report, but provides more detailed model output. This document is of 
considerably greater length and can be reviewed at the DBEDT Energy Division. 

1.7.4. Hawaii Energy Strategy Project Reports 

The individual HES Projects, except for Projects 1 and 7, produced separate reports which 
are only summarized in the overall program reports. The project reports will also be made 
available through the State of Hawaii Library System, the DBEDT Library, and DBEDT 
Energy Division Library. Interested individuals and organizations will be able to borrow a 
camera ready copy of these reports from the DBEDT Energy Division to make their own 
copy if desired. These reports are listed the discussion of each project in Chapter 2 of this 
Executive Summary. 
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CHAPTER 2: THE HAWAII ENERGY STRATEGY PROJECTS 
This chapter describes the seven projects of the Hawaii Energy Strategy program. It 
presents their purpose and objectives, describes how the projects were accomplished, and 
outlines the contents of the individual project reports, and major findings. The 
recommendations of the projects are discussed in Chapter 4. 

2.1. PROJECT 1 -- ANALYTICAL ENERGY FORECASTING MODEL 

2.1 .l. 

As a basis for work on the HES, a Hawaii-specific analytical energy forecasting model 
capable of analyzing and predicting the state’s energy usage by end use, sector, and utility 
service area under varying economic and technical conditions was developed. This model 
is fundamental to understanding how energy is used, the potential for changing usage 
patterns, and proper energy planning for Hawaii. Development of a forecasting capability 
was also an important step in exercising the statutory authorities and responsibilities for 
energy planning vested in DBEDT. Further, it was a fundamental first step toward 
supporting DBEDT participation in Hawaii’s IRP process. An additional benefit of this 
project was that an independent statewide forecast allows for comparison of results with 
utility-produced forecasts and the rehement of both forecasts. 

The project’s objectives were: 

Project 1 Purpose and Objectives 

0 Design a computerized model for energy forecasting and assessment capable 
of projecting the demand for energy over a 20-year time horizon. The 
20-year period was selected to conform to the utilities’ integrated resource 
planning cycle. 

0 Develop a data-gathering and management system to support the energy 

Conduct training to develop state staff expertise in using and updating the 

forecasting and assessment system in conjunction with Project 4. 

forecasting and assessment system. 

How Project 1 Was Accomplished 

0 

2.1.2. 

Barakat & Chamberlin, Inc. (BCI), was selected through the competitive bid process to 
complete Project 1. Meetings were held with DBEDT staff and representatives from other 
state agencies and utility companies to review Hawaii’s energy forecasting needs in detail. 
A comprehensive review was then made of energy forecasting models currently used by 
other energy agencies, utilities, and research institutions. The demand sector of the 
ENERGY 2020 model was selected, and its developer, Systematic Solutions, Inc. (SSI), 
was subcontracted by BCI to perform the model calibration. 

2.1.3. The Project 1 Report 

Following the decision to develop the full ENERGY 2020 model, the work of Project 1 
was incorporated into the overall ENERGY 2020 model and Project 7. The results of the 
forecasting portion are presented in Chapter 5 of the Hawaii Energy Strategy Report. 

Hawaii Energy Strategy Executiue Summary 2-1 



2.1.4. Findings of Project 1 

2.1.4.1.  ENERGY 2020 SELECTED AS FORECASTING MODEL 

The demand module of the ENERGY 2020 model was selected by DBEDT as the analytical 
energy forecasting model to forecast Hawaii’s energy needs. Research on other forecasting 
models and details of the selection process were presented in the consultant’s report, 
“Review of Forecasting Models.” 

In order to calibrate ENERGY 2020 for Hawaii, data needed to be obtained, checked, and 
entered into the model. All data were analyzed and then some were modified for 
consistency, as defintions changed over time. Additionally, REMI results were adjusted to 
local conditions. 

2.1.4.2.  ECONOMIC FORECAST RESULTS 

The REMI forecast of macroeconomic variables including population, production, income, 
and employment is presented in section 5.3 of the Hawaii Energy Strategy Report. 
Resident population was projected to grow by almost 27 percent from 1.21 miUion in 1995 
to 1.54 million in 2014. Population grew the fastest on the Big Island (58 percent) over the 
period, followed by Kauai growing 39 percent, Maui county 3 1 percent and Oahu 2 1 
percent. Production, as measured by Gross Regional Product, grew 32 percent over the 
planning period. The Big Island and Kauai grew the most, with GRP increasing by 54 
percent over the planning period, while Maui county’s GRP increasing by 47 percent, and 
Oahu 27 percent. Employment grew by 26 percent over the planning period. Kauai had 
the greatest increase in employment over the planning period (38 percent), followed by the 
Big Island (36 percent), Maui county (31 percent), and Oahu (24 percent). 

2.1.4.3.  ENERGY 2020 RESULTS CONSISTENT WITH 
UTILITY IRP FORECASTS 

The REMI forecast results were compared with the utility IRP forecasts, and were 
discussed in section 5.3.4. of the Hawaii Energy Strategy Report. No significant 
d3ference was found 

2.2. PROJECT 2 -- FOSSIL ENERGY REVIEW AND ANALYSIS 

2.2.1. Project 2 Purpose and Objectives 

Project 2 conducted a comprehensive analysis of fossil energy in Hawaii and the world, 
with a focus on the AsiaPaCific area. It provided a clearer understanding of world fossil 
energy markets and fossil energy use in Hawaii. The project also examined options for the 
diversification of Hawaii’s fossil energy resources through the possible additional use of 
coal in Hawaii or the use of liquefied natural gas, summarizing the changes needed in 
infrastructure, the costs of changes, and possible economic and environmental impacts. In 
addition, a set of scenarios was analyzed as to how petroleum requirements might be 
reduced and how such reductions would affect Hawaii’s refmeries. This information was 
valuable in developing the DBEDT Energy Division staff‘s capability to conduct 
comprehensive energy assessments, forecasts, and analyses. 

The Project had the following objectives: 
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e Provide an overview of the world and regional fossil energy industries, 
environmental trends, and how they relate to Hawaii's energy situation. 

0 Provide a baseline assessment of Hawaii's situation in the fossil energy 
markets. 

e Examine the opportunities to diversify Hawaii's fossil energy resources 
through increased use of coal or liquefied natural gas. 

e Assist the state in developing better capabilities in long-term planning of the 
state's energy system with regards tb fossil energy. 

2.2.2. How Project 2 Was Accomplished 

The East-West Center (EWC) Program on Resources was selected as the primary 
consultant. The EWC team was augmented by a group from the U.S. Department of 
Energy's Argonne National Laboratory specializing in coal technologies and coal-related 
environmental issues. 

The consultants produced a five-volume report to fulfill the objectives cited above. In 
addition, the consultant presented two white papers on Energy Datu Issues and Oil Market 
Informution: Hawaii State Needs. The papers suggested actions that the DBEDT Energy 
Division is now taking to improve the availability and quality of data necessary to monitor 
and evaluate the energy situation in Hawaii. 

In May 1993, as part of the effort to enhance the state's planning capabilities and to 
disseminate information generated from this project, the EWC and the DBEDT Energy 
Division co-sponsored a two-day public seminar on Fossil Energy in Hawaii. The seminar 
not only provided training to DBEDT Energy Division staff but obtained feedback and 
participation from about 150 people. 

2.2.3. The Project 2 Report 

The final report of the Fossil Energy Review and Analysis was presented in five volumes: 

World and Regional Fossil Energy Dynamics explained what fossil energy is, 
what it does, who has it, and who uses it for what purposes. The report also covered 
fossil energy resources, reserves, quality, processing and transportation, relative 
prices, uses, substitutability, and environmental trends affecting fossil energy use. 

The volume explained the oil r e f k g  process and the chemical properties which define 
the various products as a basis for understanding the capabilities and limitations of 
Hawaii's oil industry. It explained how refining crude oil results in a slate of output 
products such as naphtha, jet fuel, gasoline, diesel, and fuel oil and the limits as to how 
this slate could be modified to best meet changes in local demand for the various 
products. 

' Fossil Energy in Hawaii established a baseline for evaluating energy use in Hawaii 
and examined key energy and economic indicators. Much of this volume was 
summarized in Chapter 4 of the Hawaii Energy Strategy Report. In addition, this work 
was especidy valuable for use in the HES integration model. It was a detailed look at: 
Hawaii's fossil energy imports by type; current and possible sources of oil, gas, and 
coal, quality considerations; and refining. Data on petroleum product consumption by 
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end-use sector was presented. Fuel substitutability scenarios were developed to 
identify those end-use categories that are most easily switched to other fuels in Hawaii. 
The volume also discussed energy security, and what it means to Hawaii. 

Assessment of Coal Technology Options and Implications for the State 
of Hawaii provided an assessment of clean coal technology options and implications 
for Hawaii by Argonne National Laboratory. Coal technologies were screened with 
respect to capacity constraints in the applicable market, commercial availability, internal 
and external costs, waste generation characteristics, and siting issues. Cost data for the 
various technologies were also provided, and the Argonne Technology Evaluation 
Model, a spreadsheet tool, was created to allow analysts to examine the economic 
competitiveness of various power generation options. 

Greenfield Options: Prospects for LNG Use was produced by the EWC. 
''Greenfield" refers to new, previously undeveloped facilities. The report discusses the 
Asia-Pacific liquefied natural gas (LNG) market and possibilities for fuel substitution in 
Hawaii. It summarized the economics of an LNG project in Hawaii and safety issues. 

Scenario Development and Analysis forecasted Hawaii's future petroleum needs 
under different scenarios. Included were forecasts of petroleum product demand, crude 
oil and product prices and availability by type, and transportation costs at five-year 
intervals from 1994 to 2014. To fully analyze the scenarios, the EWC team simulated 
crude oil purchase decisions, refinery behavior, product trade, and relative costs. 

2.2.4. Findings of Project 2 

2.2.4.1. HAWAII'S DEPENDENCE ON OIL 

Hawaii's energy system is predominantly fueled by oil. In fact, Hawaii is more dependent 
on oil than any other state in the nation. For most of this century, oil has overwhelmingly 
dominated the energy scene with a share of around 90 percent of total energy. 

2.2.4.2. HAWAII'S NON-OIL ENERGY SOURCES BECAME 
INCREASINGLY DIVERSIFIED 

During the same period, Hawaii's use of non-oil energy resources became increasingly 
diversified. As shown in Figure 2-1, biomass was the dominant alternative, though the 
role of bagasse dwindled as Hawaii's sugar industry contracted. Further contraction is 
expected in the near future. Hydropower offered a fairly stable amount of energy, but its 
potential is limited by the number of suitable rivers and environmental concerns. 

By the late 1970s, however, new energy sources began to make their entrance: first solar 
and coal, then wind, geothermal, and solid waste. Coal use surged in late 1992 with the 
startup of the 180 megawatt coal-fired power plant built by Applied Energy Services (AES) 
at Barbers Point on Oahu and shows up even more dramatically in the statistics for 1993, 
the first full year of operation. Large scale geothermal also began operation at the 25 MW 
plant at Puna on the Big Island. 
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2.2.4.3. HAWAII’S ENERGY USE BY SECTOR 
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Figure 2-2, on the previous page, depicts energy use by sector from 1970 to 1992. The 
transport sector generally accounted for 50-60 percent of Hawaii's energy use, followed by 
the industrial sector with a share of about 25 percent, the commercial sector (10-15 percent 
in recent years), and the residential sector (around 10 percent). Total energy inputs to 
electricity production were also disaggregated from the totals; around 30 percent of energy 
use goes toward producing electricity. The electricity sector combined with the transport 
sector accounted for approximately 80-90 percent of Hawaii's energy use. The importance 
of these end-use sectors cannot be overstated when the ultimate goal is developing an 
energy strategy that involves conservation, efficiency improvements, and fuel substitution. 
Planners must know where the energy is going to be able to identify appropriate targets for 
future demand-side management @SM) or fuel substitution strategies, and to determine the 
constituencies that may be affected by changes in energy policy andor prices. In terms of 
setting priorities and having a wider impact on total energy use, it seems clear that the state 
will also have to look to making improvements in the larger end use sectors. 

2.2.4.4. PROBLEMS WITH SUBSTITUTION AWAY FROM OIL 

Oil is likely to remain a critical fuel for Hawaii for the foreseeable fuhm despite its volatile 
price and supply behavior. Under competitive pressure from alternatives, oil prices could 
fall back to lower levels, and therefore make any alternative unprofitable. While switching 
away from oil on a large scale might offer reasonable and stable prices, the prices of the 
alternatives may be well above the price of oil. 

The Project 2 Report presented an example scenario of fuel substitution, proceeding from 
the easiest end-uses to substitute to the most difficult. The scenario was not intended as an 
action plan, but to make the point that even a very aggressive substitution campaign would 
still leave Hawaii extremely oil dependent. Even the first step, conversion of power 
generation and process heat, would require considerable expense and time, including the 
replacement of much of the existing generating capacity, but this would cut a third of 
Hawaii's oil demand. Reducing oil demand much beyond a third of current use involves 
bolder and more speculative measures. For example, cutting demand in half requires 
replacement of all oil-based power generation, all existing road transport, and interisland 
shipping. Cutting demand by more than half means going to technologies not yet defmed. 

A massive substitution away from oil use in Hawaii greatly changed the pattern of energy 
demand and threatened the long-term viability of oil refking in Hawaii with consequences 
for the supply system and the pattern of import dependency. The import dependency 
would be, to a greater extent, on refined products from foreign countries. 

The following summarizes the substitution scenarios: 
Cumulative 

Substitution For: Reduction 
Base Demand ................................................ .O percent 
Power Generation, Process Heat ........................ 33 percent 
10 percent Gasoline Blending .......................... -34 percent 
Interisland Shipping ....................................... 35 percent 
Light Road Transport ..................................... 51 percent 
Heavy Road Transport ................................... -55 percent 
Interisland Air ............................................. -61 percent 
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2.2.4.5.  WORLD OIL PRICE VOLATILITY 

Hawaii's reliance on oil forces the state to face the possibility of price spikes and increases. 
Although there are large oil reserves in the world left to be produced, the volatile nature of 
prices in the last decade has not encouraged investment in production from known deposits 
and increasing demand could push production close to capacity in this decade. This could 
result in a price shock comparable to 1973, 1979, and 1990-1991. Fortunately, the 
availability of supplies which could eventually be brought on stream in response to a 
prolonged price increase would likely limit the duration of such increases. A leap in the 
price of oil lasting four or five years, as in the early 1980s, would be expected to lead to the 
same sort of price collapse seen in the second half of the 1980s. 

2.2.4.6.  HAWAII OIL PRICES 

Due to Hawaii's demand for low sulfur oil products, Hawaii could face higher product 
prices within the relatively near-term, even without any oil price shock. There will be a 
glut of high-sulfur fuel oil (HSFO) in the Pacific region for at least a decade. However, the 
demand for low-sulfur fuel oil (LSFO) required to meet sulfur standards for fuels burned 
on Oahu will increase due to more restrictive sulfur standards and decreases in LSFO 
exports from Asia. 

2.2.4.7.  CRUDE OIL -- CURRENT AND PUTURE SOURCES 

Hawaii's position in the middle of the Pacific Ocean affords conveniences and 
inconveniences in terms of importing crude oil. Hawaii receives about 45 percent of its 
crude oil from Alaska. Hawaii is also linked to the greater Asia-Pacific oil market, where 
the typical crudes produced are very low in sulfur and thus are desirable refmery 
feedstocks. Additionally, Hawaii is in a relatively good position to benefit from possible 
future production of unconventional heavy crudes in Western Canada and Latin America, 
though processing large quantities of heavy crudes would entail additional investment in 
refinery downstream capacity. So, it might be said that Hawaii is in the middle of an active 
oil market, and that the size of Hawaii's market is so small that its needs can easily be 
fidiilled. 

On the other hand, Hawaii is equally far away from all sources of oil and the state is 
dangerously dependent on non-indigenous energy resources - especially oil. Alaska and 
California crude production levels are entering a period of decline, and the oil demand 
boom in Asia will require ever-greater volumes of crude that otherwise would be exported 
and available to Hawaii. Today, Hawaii is not dependent on oil from politically unstable 
regions. But if the state's appetite for oil continues to grow, and demand in the rest of the 
world continues to grow, it is expected that Middle Eastern oil producers wil l  once again 
wield great control over oil markets around the world. Being a small user of oil relative to 
the world market, Hawaii is a price-taker, with little or no market power. The state's 
economy is extremely dependent on imported energy, thus the state's economy is also 
linked to the vagaries of the U.S., Asia-Pacific, and the world's economies. 

2.2.4.8.  PETROLEUM PRODUCT TRADE 

Hawaii's two refineries are relatively sophisticated, given their size and the size of the 
Hawaii market. In addition, Hawaii has a somewhat unusual pattern of demand for refined 
oil products. In contrast to other U.S. West Coast states, Hawaii is far more dependent on 
aviation fuels and residual fuel oil. Producing ample fuel oil is a simple matter; numerous 
heavy crudes are on the market and are reasonably priced, the only real constraint being the 
sulfur content. Fuel oil is also the least expensive product to purchase from other refining 
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areas. Producing sufficient supplies of jet fuel is another matter. Few crudes yield enough 
kerosene through basic distillation to meet Hawaii's demand pattern, and demand for 
kerosendjet fuel is strong enough worldwide that it is a more expensive commodity to 
import than to produce locally. 

As with its crude oil situation, Hawaii's product market is linked most closely with the 
U.S. West Coast and the Asia-Pacific markets. The difference with product trade 
dynamics is, of course, that some products are both imported and exported. Theoretically, 
it is possible for refiners to purchase an optimal crude slate and run their refmeries to 
completely balance local supply and demand. In practice, it is rarely cost-effective to do 
so, and therefore it is common to see some trade to balance the market. For example, the 
U.S. West Coast typically has a surplus of heavy fuel oil and a slight shortage of gasoline. 
Hawaii imports needed jet fuel and exports excess high-sulfur fuel oil and naphtha. This 
trade balances the market. 

2.2.4.9. COAL AS AN ALTERNATIVE 

Coal offers an opportunity for diversifying Hawaii's energy supply. The long-term price 
of coal is not expected to increase significantly, and coal is projected to remain the lowest 
cost fuel option for large power plants. However, there are limitations to the application of 
coal in Hawaii. While coal is a viable option for Oahu, one of the primary constraints for 
increased use of coal in Hawaii is the relatively small capacity that characterizes existing 
(and future) generating units on the neighbor islands and the resulting lack of economies of 
scale. In addition, because most coal-fired generating technologies are generally designed 
to serve baseload and intermediate load, they may be less appropriate to the load patterns 
experienced on the neighbor islands. 

Coal technologies most applicable to Hawaii include coal-water mixtures (CWMs), 
slagging combustors, and atmospheric fluidized-bed combustion (AFBC). The majority of 
experience to date with AFBC suggests that this technology is most appropriate for meeting 
baseload needs. This characteristic could limit its deployment in Hawaii, since load varies 
considerably throughout the day, necessitating a significant amount of intermediate and 
peaking capacity. However, while the AES Barbers Point AFBC plant is used for 
baseload, it can also follow the demand profile by curtailing output, although curtailment 
raises the cost per kwh. 

2.2.4.10. LIQUEFIED NATURAL GAS AS AN ALTERNATIVE 

Currently, liquefied natural gas &NG) is not a viable option for Hawaii due to the scale of 
substitution needed, infrastructure costs, the delivered cost of fuel, and the large amount of 
land area requkd. Supplies are extremely tight in the Asia-Pacific region. An investment 
of nearly $5.4 billion would be required for the liquefaction plant, tanker fleet, terminal, 
and distribution system. The delivered cost of fuel would be over two and one-half times 
more expensive than low sulfur fuel oil. Land requirements for an LNG facility would be 
very large due to requirements for a safety buffer zone. Since an LNG system would likely 
rely on a single supplier, Hawaii could be even more vulnerable to a supply disruption. 

2.2.4.1 1. HAWAII'S ENERGY SECURITY 

Supply Security 

Obvious remedies to supply security problems are stockpiling, conservation, and fuel- 
substitution measures. Aggressive conservation and substitution measures can cut 
substantial amounts from many segments of the petroleum barrel, but the jet fuel and 
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international marine transport segments remain relatively immune from such efforts. If 
physical availability is a major concern, then stockpiling of jet fuel would be the only 
answer. Hawaii's high demand for jet fuel remains Hawaii's key vulnerability, and there 
are no ready alternatives. 

Price Security 

Possible approaches to energy price security include: stockpiling of crude, products, or 
both; price stabilization funds; and futures trading. 

Economic Security 

Oil price shocks have typically been bad for the state economy. Unfortunately, no effective 
measures to shield Hawaii's economy have been identified. Even if oil prices were kept 
stable within the state, this would only benefit local consumers. As long as Hawaii's main 
industry is tourism, very little can be done to prevent reductions in the ability or willingness 
of tourists to come to Hawaii due to higher energy prices. 

2.3. PROJECT 3 - RENEWABLE ENERGY ASSESSMENT AND 
DEVELOPMENT PROGRAM 

2.3.1. Project 3 Purpose and Objectives 

The purpose of Project 3 was to produce a comprehensive assessment of Hawaii's 
renewable energy resources (wind, solar, biomass, hydroelectric, ocean thermal energy 
conversion [ O W ] ,  geothermal, and wave energy) and a long-range development strategy. 

The objectives were: 
0 Summarize existing renewable energy resource assessments. 

0 Determine suitability, currency, and quality of existing resource data. 

e Determine additional resource data requirements, including possible 
monitoring sites, best current monitoring methodologies, and 
instrumentation requirements. 

0 Conduct and report on an in-depth, comprehensive assessment of Hawaii's 

Develop projections and a strategy for a reasonable renewable energy 

renewable energy resources. 

component in Hawaii's total energy mix. 
0 

The first three objectives were met, to a large extent, by a study entitled, Comprehensive 
Review and Evaluation of Hawaii's Renewable Energy Resource 
Assessments, completed by R. Lynette & Associates (RLA) under an earlier contract in 
1991. As a result, Project 3 focused on the last two objectives and on completing work on 
the third objective. 
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2.3.2. Project 3 Approach 

Following a competitive selection process, RLA was retained to conduct Project 3, the 
Renewable Energy Resource Assessment and Development Program. The project 
consisted of three phases: 

defined the most promising potential renewable energy projects and sites. 

based on the cost and performance of projects identified in the first phase. 

for Integrating Renewable Energy Resources Into the State's Energy Supply Mix. This 
phase integrated the data into a final report which includes a plan for incorporating 
renewables into the state's energy mix. 

0 Phase I - Development of a Renewable Energy Resource Assessment Plan which 

Phase 11 - Development of Renewable Energy Resource Supply Curves which were 

Phase III - Collect Additional Wind and Solar Resource Data and Develop a Plan 

0 

0 

2.3.3. The Project 3 Report 

The final report of the project was presented in three volumes. 

e Renewable Energy Resource Assessment Plun. The report on Phase I 
summarized the activities involved in creating the resource assessment plan, 
including determining constraints and requirements, identifying potential project 
sites, analyzing existing utility infrastructure, identifying existing monitoring sites, 
and screening potential sites. New solar and wind monitoring sites were 
recommended and instrumented for collection of additional data. 

0 Development of Renewable Energy Resource Supply Curves. T h e  
Phase 11 report compiled cost and performance data on current and future renewable 
energy conversion systems, analyzed and reduced existing data on available 
resources, and presented the renewable energy resource supply curves which were 
developed. A computer model was developed to allow comparison of cost 
information on renewable resources with various alternatives. 

e Renewable Energy Integration Plun. Phase III completed collection of a 
year's wind and solar data, updated the resource supply curves to reflect the 
additional data, and developed a plan to integrate renewable energy into Hawaii's 
energy supply mix. Viable renewable energy projects were prioritized by 
technology and project site for each of Hawaii's four major islands. 

2.3.4. Findings of Project 3 

2.3.4.1. IDENTIFICATION OF POTENTIAL PROJECT SITES 

A significant number of renewable energy projects with substantial development potential 
were identified on each island. These sites were identified in the first volume of the Project 
3 report, Renewable Energy Resource Assessment Plun. 

2.3.4.2. RENEWABLE ENERGY LAND USE ISSUES 

Suffkient land is available for renewable energy for the islands of Hawaii, Lanai, and 
Molokai. On the other islands, demand for land is high and the impact of an energy project 
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must be weighed against other potential uses (e.g., urban expansion, conservation, and 
agriculture) and potential impacts on surrounding areas. 

Most biomass energy crop projects assume replacement of existing crops. Several wind 
and solar project sites may also displace existing agricultural land uses. The potential for 
these projects heavily depends on market trends for the existing crops, particularly sugar. 
OTEC, hydroelectric, and wave energy projects may require the use of highly protected 
shorelines or streams. Public acceptance of such projects and geothermal plants may also 
be a major hurdle. 

2.3.4.3. INTEGRATION OF RENEWABLE ENERGY INTO THE 
UTILITY GRID 

Total utility grid capacity on each island also limits potential renewable energy resource 
development, particularly of intermittent generating technologies. Changes in the operating 
characteristics of the utilities, incorporation of energy storage, changes in demand profiles 
(e.g., widespread use of EVs), or island interconnection could alter this condition. 

2.3.4.4. RENEWABLE ENERGY POTENTIAL 

Renewable energy projects can theoretically provide all the new generation required to 
satisfy projected electricity demand increases in the state through 2014. However, a 
number of factors influence the ability of these resources to meet these new energy 
demands. In Maui County, supplying future increases in electrical energy demand could be 
accomplished with renewable projects that are cost effective even under the most 
conservative assumptions. In Hawaii and Quai Counties, this could be accomplished with 
projects that are cost competitive under nominal scenarios. If conservative assumptions 
were used, Hawaii and Kauai could still obtain 50 percent and 25 percent, respectively, of 
their projected energy demand growth from renewable energy projects. On Oahu, under 
nominal assumptions; renewable energy projects could meet over 30 percent of projected 
electricity demand increases, while under optimistic conditions, they could provide all of 
the electricity required to meet projected demand. 

Conservative scenarios provided a minimum number of projects that should be considered 
and implemented. Because investors have experienced financial l o s e  due to excessively 
optimistic assumptions for renewable energy projects in the past, they may be inclined to 
lean towards these more conservative estimates. These projects could be pursued with a 
high confidence level in their costs and conservative performance estimates and with a 
minimum amount of risk to the investor. The experience gained from immediately 
installing the projects identified as viable in 1995 and the projects identified as viable in 
2005 under conservative conditions would help narrow the range of projected development 
costs for future projects. 

2.3.4.5. RENEWABLE ENERGY FINANCIAL BENEFITS 

The magnitude of the benefits of renewable energy are not as important as the fact that there 
is indeed a benefit in implementing renewable energy projects as opposed to continuing to 
rely on Hawaii's current practice of heavily relying on fossil fuels. There were other 
benefits which were not included in the data presented in the Project 3 report. Employment 
benefits would occur because construction and operation of renewable energy projects 
generate more jobs than does a comparably-sized fossil fuel plant. A greater use of 
Hawaii's abundant indigenous renewable energy resources would also help to insulate the 
state from fossil fuel price escalation and supply disruptions. Money spent on indigenous 

Hawaii Energy Strategy Executiue Summary 2-1 1 



energy would largely remain in'the state. There are also substantial environmental 
advantages to using renewable energy. 

2.4. PROJECT 4 - DEMAND-SIDE MANAGEMENT ASSESSMENT 

2.4.1. Project 4 Purpose and Objectives 

The primary purpose of Project 4 was to develop a comprehensive assessment of Hawaii's 
demand-side resources for use in energy policy development. In addition, Project 4 
supported DBEDT's participation in the IRP process mandated for Hawaii's electric and 
gas utilities by the Hawaii Public Utilities Commission. 

Demand-side management @SM) is any utility activity aimed at modifying the customer's 
use of energy to produce desired changes in demand. It includeS conservation, load 
management, and efficiency programs. DSM offers the potential for lower customer utility 
bills, deferral of major power plant investments, reduced environmental impacts, and 
potential diversification of resources. 

Project 4 had the following objectives: 

Assess how energy is used in Hawaii's residential, commercial, and industrial 
sectors. 

Determine the potential for increasing the efficiency of energy use in each of 
these sectors, and identify the measures for reaching this potential. 

Identify the data required to develop DSM programs, acquire data, and develop 
a plan to acquire additional data. 

Institutionalize a DSM planning capability within the DBEDT Energy Division. 

2.4.2. How Project 4 Was Accomplished 

The project was divided into two phases. Barakat & Chamberlin, Inc. (BCI), performed 
the first phase which established a framework and data requirements for a DSM measure 
database, developed data collection work plans, collected data for a DSM measure database 
and commercial building prototypes, and characterized ten commercial building types. A 
DSM Measures Compendium was produced which identified and described the most 
appropriate DSM measutes for consideration in Hawaii. On-site surveys of 50 commercial 
buildings yielded a set of building prototypes for engineering simulations. 

NEOS Corporation performed Phase 2 and also collected building prototype data under a 
subcontract to BCI in Phase I of the project. They used and expanded upon Phase 1 data to 
conduct building prototype simulations of DSM measures and technical, economic, market 
assess men^ of potential DSM, and recommended DSM programs. 

The product of the two phases of the project was the DBEDT DSM Assessment Model. 
This model provided a comprehensive assessment of DSM potential by DSM measure, 
building type, and county over a 20-year forecast horizon. 
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2.4.3. Approach and Methodology 

A database of DSM technologies was created for DSM measures applicable in Hawaii. 
Simultaneously, energy audits of 50 commercial buildings were conducted to support the 
description of 23 building prototypes. These energy audits, information contained in the 
DSM measure database, and supplemental information were used to develop input .files for 
each of the different types. 

An engineering simulation model, DOE-2.1E, was used to test energy savings from the 
application of DSM measures on the building prototypes. The results were part of the input 
into the DBEDT DSM Assessment Model, along with the characteristics of future building 
and appliance stocks from the mid-1994 ENERGY 20201 model and various DSM 
programmatic assumptions based on current mainland DSM programs. The DSM 
Assessment Model provided estimates of the potential DSM resource for each year in the 
forecast period by measure and building type for each of Hawaii's four counties. Four 
different DSM scenarios included estimates of technical, economic, market, and program 
potential, for peak demand reduction and energy savings. 

Each major building type was assessed using both DOE-2.1 and the DSM Assessment 
Model. The DSM Assessment Model provided both aggregate and detailed information on 
the size of the potential DSM resource throughout the forecast period. The detailed 
information was provided down to the DSM measure level for each building type and by 
county. 

2.4.4. The Project 4 Reports 

The final report for Project 4 consists of a final report and five reference volumes. The 
final report includes: 

0 The Executive Summary -- Recommendations and Conclusions 
was a short summary of the methodology, findings, and conclusions. 

0 The DSM Opportrcnities Report included detailed descriptions of the 
DSM Assessment Model and its supporting methodology and results from 
different scenario runs of the DSM Model. Also included were descriptions 
of DSM programs and charactehtics relevant to program design which 
affect the size and timing of potential DSM resources. 

Supporting reference volumes include: 

0 The Building Prototype Analysk provided baseline assumptions, 
simulation results, and a detailed description of 17 building prototype 
simulations developed for use with the DOE-2.1E building simulation 
program. 

0 Final Residential and Commercial Building Prototypes and 
DOE-2.1E Developed Unit Energy Consumption and Energy 

In developing the DBEDT DSM Assessment Model, it was necessary to use prelimimy versions of the 
ENERGY 2020 model forecast produced between April and June of 1994. The ENERGY 2020 model 
was later significantly revised. The use of the earIy version significantly affected the results of the 
DBEDT DSM Assessment Model, particularly in the gas sector. Future DSM assessments will be 
based upon the ENERGY 2020 model current at that time. 
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Usage Intensities. This reference volume was in three parts. Each part 
included an introduction defining the nomenclature, code definitions, and 
methodology. Following the introduction were measure .descriptions and 
detailed DOE-2.1E results for each DSM measure considered. Detailed 
DOE-2.1E results were presented for 17 different building types, and an 
additional six climate zone applications for resorts and hotels for the 
counties of Maui, Hawaii, and Kauai (23 different simulation results). 

e Residential and Commercial Sector DSM Analyses: Detailed 
Results From The DBEDT DSM Assessment Model. Tables, 
graphs, and program summary reports detailing the results of four different 
scenario applications of the DBEDT DSM Assessment Model were included 
in this five-par& reference volume. The first part was a statewide summary 
of each of the four county results. The remaining four parts included the 
results by each of the four counties. 

e The DBEDT DSM Assessment Model User’s Manual. The 
manual showed the user how to mod@ input files, update output files, and 
run the model which consists of a series of integrated Quattro Pro for 
Windows spreadsheets. 

The DOETRAN User’s Manual. The DOETRAN Model was a DSM 
database manager developed to transfer data between the DOE-2.1E model 
and the DBEDT DSM Assessment Model. DOETRAN accepts output from 
DOE-2.1E and translates it into the format required by the DSM Assessment 
Model. The manual explained how to operate the model. 

e 

Two other major reports were produced by the project and were distributed independently 
of the final report- They provided data used in the DSM assessment. They include: 

e The DSM Measures Compendium detailed 2,001 electric and gas DSM 

Characterization of Building Prototypes described Hawaii’s 

measures applicable to residential and nonresidential end uses in Hawaii. 

commercial building stock and provides the data required to simulate 
building performance in a computer-based engineering simulation model. 

e 

2.4.5. Findings of Project 4 

2.4.5.1. HAWAII DSM POTENTIAL 

Hawaii’s utility energy sector offers a large potential for reduction of peak demand and 
energy use. The commercial sector provides the most potential for electricity DSM and the 
residential sector provides the most potential for gas DSM. By the year 2006, over 
650,000 MWh of electricity and nearly 1650 Ktherms of gas could be saved by DSM. The 
size of the DSM mource varies over the forecast period based on annual program 
penetration rates and effective measure life. The gas DSM potential includes potential 
savings in both the utility pipeline gas and non-utility bottled gas sectors. 

As noted above, in developing the DBEDT DSM Assessment Model, it was necessary to 
use preliminary versions of the ENERGY 2020 model fo&ast produced between April and 
June of 1994. The ENERGY 2020 model was later significantly revised. The use of the 
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early version significantly affected the results of the DBEDT DSM Assessment Model, 
particularly in the gas sector. 

2.4.5.2. . RESIDENTIAL SECTOR DSM PROGRAM 

Table 2-1 summarizes a preliminary estimate of the potential residential DSM resource, 
based upon DBEDT DSM Assessment Model results, by county and key forecast year. 
The residential electricity DSM measures providing the most potential by 2006 were: solar 
water heaters (21 percent); heat pump water heaters (13 percent); compact fluorescent bulbs 
(1 1 percent); efficient water heater tanks (10 percent); and heat pump clothes dryers 
(8 percent). Other measures totaled 37 percent. 

The top five residential gas DSM measures by 2006 were: solar water heaters (42 percent); 
efficient water heater tanks (30 percent); water heat pipe insulation (8 percent); horizontal 
axis clothes washers (8 percent); and low flow showerheads (6 percent). Other measures 
totaled 4 percent. 

I 

Hawaii 7,523 23,207 25,575 171 462 468 
Honolulu 35,207 11 1,550 129,889 162 492 552 
Maui 6,790 21,977 25,925 28 73 71 
TOTAL 52,402 165,836 192,055 390 1.1 03 1,166 

Table 2-1. Preliminary Estimate of Hawaii's Residential DSM Program Potential 

2.4.5.3. COMMERCIAL SECTOR DSM PROGRAM 

Table 2-2 summarizes a preliminary estimate of the potential commercial sector DSM 
resource by county and key forecast year. For commercial electricity, lighting measures 
dominate the list of measures with the most potential with high efficiency air conditioning 
providing the most potential for a non-lighting measure. The top five electric DSM 
measures provide only 52% of the total commercial sector electric DSM resource. They 
include optical reflectors (23 percent), T-8 fluorescent bulbs with electronic ballasts (10 
percent), compact fluorescent lamps (7%), electronic ballast refits (9 percent), and high 
efficiency air conditioning (5 percent). Lighting measures, such as compact fluorescent 
exit signs, also provide a significant amount of the remaining 42%, but it also includes a 
diverse set of measures ranging from cooling measures to efficient refrigeration, depending 
on the commercial building type. 

Hawaii . 21,405 43,569 . 36,919 29 72 56 
Honolulu 177,345 360,576 298,939 165 383 288 
Maui 30,679 58,350 46,274 31 72 52 
TOTAL 241,506 485,314 399,867 239 559 41 9 

Table 2-2. Preliminary Estimate of Hawaii's Commercial DSM Program Potential 
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For gas, point of use water heating was the single most effective measure (67 percent), 
followed by water heater tank insulation (12 percent), water heater tank insulation 
(12 percent), efficient water heater tanks (11 percent), solar water heaters (6 percent), and 
time clocks for the hot water pumps (3 percent) providing lower levels of DSM potential. 

2.5. PROJECT 5 - TRANSPORTATION ENERGY STRATEGY 

2.5.1. Project Purpose and Objectives 

Project 5’s objectives were as follows: 

0 Collect and synthesize information on the present and future use of energy 

Examine the potential of energy conservation to affect future energy demand 

Analyze the possibility of satisfying a portion of the state’s future 

Recommend a program targeting the state’s transportation sector to help 

in Hawaii’s transportation sector. 

in the transportation sector. 

transportation energy demand through alternative fuels. 

achieve state energy goals. 

0 

0 

0 

2.5.2. 

Parsons Brinckerhoff Quade and Douglas (PBQD) was competitively selected as the project 
consultant- Subcpntractors were Acurex Environmental Corporation and the Hawaii 
Natural Energy Instih~te. 

2.5.3. Approach and Methodology 

How Project 5 Was Accomplished 

The project completed the following tasks: 

0 Transportation Fuel Consumption. The energy requirements of 
curent and proposed county, state, and regional transportation plans were’ 
assessed, considering air, ground, and marine transport fleet CharacteIistics, 
fuel consumption levels, trends, and projections. The assessment was used 
to develop Hawaii’s transportation energy demand profile. 

0 Energy Saving Potential. Energy savings in the aviation and marine 
transportation sectors are beyond the control of state or county energy 
agencies, although potential efficiency improvements were identified. In the 
ground transportation kctor, estimates of vehicle fuel efficiency 
improvements and effects on overall energy demand were calculated. 
Transportation control measures currently being considered by 
transportation planners were evduated. 

transportation fuels were evaluated. Storage, distribution, and marketing 
issues were described and costs were estimated. The potential for local 
production of alternative fuels from indigenous biomass energy sources was 
evaluated, including estimated total costs. Possible means of encouraging 
the use of alternative fuels were described along with the estimated costs 

0 Potential Alternative Transportation Fuels. Alternative 
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and benefits of each potential individual measure as well as combinations of 
measures. 

0 Transportation Energy Strategy for Hawaii. Recommendations 
were developed based on the most effective means of meeting state energy 
goals in the transportation sector and subject to the constraints of: existing 
transportation planning processes; prices; technology; and environmental, 
health, and safety concerns. 

2.5.4. The Project 5 Report 

The final report covered the following topics in a single volume: 
Project Purpose Mastructure for Transportation Fuels 
Transportation Fuel Consumption: Indigenous Biomass Energy Sources 
Existing and Future Baseline 
Conditions 

Transportation Sector 
Energy Savings Potential in Hawaii's Cost Analyses of Scenarios of 

Alternative Fuel Use in Hawaii's 
Ground Transportation 

An Intmduction to Alternate Potential Measures to Encourage 
Alternative Transportation Fuels and 
Vehicles 

Transportation Fuels 

A Screening of Alternative Fuels for Actions for Consideration 
Possible Use in the Ground 
Transportation Sector 

2.5.5. Findings of Project 5 

2.5.5.1. CURRENT AND FUTURE ENERGY USE IN THE 
TRANSPORTATION SECTOR 

In 1992,62 percent of petroleum used in Hawaii was for transportation: 32 percent for 
aviation; 10 percent for marine; and 20 percent for ground transportation use. Of the three 
transportation sectors, air transportation consistently used the most fuel by a substantial 
margin, representing over 50 percent of the transportation sector's total energy demand. 
Based on existing transportation plans, energy use in the transportation sector was 
projected to increase at an annual average rate of 1.77 percent between 1994 and 2014, 
increasing Hawaii's already large dependence on imported oil. 

The ground transportation sector accounted for approximately one-third of petroleum sold 
for transportation in 1992, and is projected to increase at a 1.05 percent average annual rate 
between 1994 and 2014. Since the ground transportation sector represents one fifth of total 
energy demand in the state, it is certainly worthy of attention. 

Due to the nature of air and marine transportation, there do not currently appear to be 
measures that the state could take to reduce energy use in those sectors. As a result, no 
actions will be proposed. . 
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2.5.5.2. POTENTIAL OF ENERGY CONSERVATION IN THE 
GROUND TRANSPORTATION SECTOR 

Measures that improve the efficiency of vehicles used in the state would have a powerful 
effect on energy demand, and large enough increases in efficiency would reduce demand 
without altering travel behavior, lifestyle, or land use development patterns. Although 
federal law prohibits states from taking independent action to regulate vehicle efficiency, 
other states have noted the significance of vehicle efficiency and have suggested amending 
federal law to allow states to set their own efficiency standards. Changes in travel behavior 
and land use development patterns could also reduce future energy demands below 
projected levels. 

2.5.5.3. BENEFITS OF PETROLEUM DISPLACEMENT 

Displacement of a signilicant portion of petroleum use in the ground transportation sector 
would help insulate the state from petroleum price fluctuations and interruptions. There 
could also be secondary benefits from a local alternative fuels program such a s  the 
preservation and creation of jobs in agriculture, and electric vehicle (EV) support and 
manufacture. A local alternative fuel industry would also retain a larger portion of 
Hawaii's substantial energy expenditures within the state. There could be a secondary 
effect of retaining an aspect of the state's tourist appeal through maintenance of significant 
agricultural acreage, by keeping open spaces green in crops. 

2.5.5.4. POTENTIAL ALTERNATIVE FUELS 

It would not be feasible or cost-effective to pursue all of the alternative fuels. The fuels 
were evaluated with respect to their potential contribution to a set of strategic and near-term 
considerations (see Chapter 3 of the Hawaii Energy Strategy Final Report). Infrastructure 
requkments and potential for local production were also examined. Electricity and alcohol 
fuels were found to contribute to the objectives more than the other alternative fuels. 

2.5.5.5. INFRASTRUCTURE REQUIREMENTS 

Existing fuel distribution infrastructure, new hfkstructure requirements for alternative 
ground transportation fuels, costs and other considerations associated with the alternative 
fuel options were identified and quantified. Some of the alternative fuels would require 
minimal changes to the existing infrastructure (biodiesel and gasohol), while others could 
require more substantial additions or changes (electricity and alcohol). 

2.5.5.6. POTENTIAL FOR LOCAL PRODUCTION 

Several scenarios for large-scale energy crop and alternative ground transportation fuel 
production were considered, since a major goal was to evaluate the potential for local 
production of alternative fuels, principally from biomass. 

Selected results of four scenarios are shown in F i p  2-3 on the next page. The scenarios 
displayed are: (1) use of agricultural byproducts and other wastes; (2) use of only those 
lands taken out of intensive cultivation during the past 25 years (approximately 100,OOO 
acres); (3) conver-sion of all lands presently in intensive cultivation (nearly 230,000 acres) 
to energy crop production; and (4) use of those lands presently and previously in intensive 
agriculture (nearly 330,000 acres). 
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2.5.5.7. COSTS OF' ALTERNATIVE FUELS 

Several scenarios for fuel production, distribution, and use were considered. Total costs 
for each of the alternative fuels scenarios included fuel production costs, fuel transport 
costs, infrastructure costs, vehicle costs, and taxes. These costs span a wide range 
depending on the particular alternative fuel, feedstock, scale of production, expected 
technological improvements, and whether the fuel would be produced locally or imported. 
If a fuel is locally produced, costs also depend upon whether fuel production would occur 
on the same island as fuel use. 

Projected fuel costs for M85 and E85 were higher than gasoline, on a gasoline equivalent 
gallon basis, for all cases tested. If state and county fuel tax rates were adjusted on the 
basis of energy content, projected M85 and E85 costs would be comparable to or less than 
current gasoline prices in two cases. Key cost elements are feedstock and processing 
costs, application of federal tax incentives, and fuel transport (shipping, hauling, and 
terminal) costs. 

For EVs, the most significant cost element was the cost of the vehicles. A variety of 
technologies, manufacturers, and prices were available; the rapid pace of development in 
this area makes a comparative cost estimation for EVs extremely difficult. If electric vehicle 
purchase costs could be reduced, EVs could become very cost-competitive in the 
marketplace. 

For fleet use of propane, the main cost element was the vehicle conversion cost. For non- 
fleet use of propane, the high price of retail propane was an additional factor. 
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Figure 2-3. Potential Alcohol Transportation Fuel Production in Hawaii 
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2.5.5.8. BENEFITS OF LOCAL PRODUCTION OF 
ALTERNATIVE FUELS 

A goal of displacement of 20-30 percent of petroleum fuels used in the ground 
transportation sector supports state objectives of energy security, environmental protection, 
and local economic development, 

Energy Security 

The use of alternative fuels can increase energy security, but only to the extent that the 
petroleum substitution is large enough for the economy to function in the event of a 
disruption. 

Environment -- Air Quality 

In areas of the U.S. with air quality problems attributable to mobile source emissions, 
“clean fuels” and “clean vehicles” are important elements in air quality improvement 
programs. In 1990, sixty-one percent of carbon monoxide, thirty percent of nitrogen 
oxides, and twenty-four percent of volatile organic compound air pollutants in the U.S. 
came from buming gasoline and diesel fuels in cars and trucks. 

In addition to carbon monoxide and ozone, there are several other toxic airborne chemicals 
(refemd to as “air toxics”) associated with vehicle fuels. Benzene, toluene, polycyclic 
organics, and formaldehyde are a few. For example, eighty-five percent of human 
exposure to cancer-causing benzene comes from gasoline. 

Environment -- Greenhouse Gas Emissions 

Fossil fuels are major contributors to the increasing levels of atmospheric carbon dioxide 
implicated in global warming. Some renewable fuels, such as from biomass, result in the 
release of CO;! when the fuels are burned. However, biomass re-uses CO;! as part of its 
growing cycle. Life cycle emissions of greenhouse gases are difficult to quanw; but, 
alternative fuels in general contribute less net CO;! to the atmosphere than gasoline. 

Local Economic Benefits 

Production of alternative fuels, although perhaps more expensive than oil, would provide 
economic benefits such as new domestic investment and local jobs. EVs may provide 
attractive economic opportunities as well. EVs are already being produced in Hawaii, and 
local production could increase. 

Refinery Impacts of Substitution 

Project 2 considered the impacts of alternative fuels substitution on the two oil refineries in 
Hawaii and concluded that even the most aggressive scenario considered would not cause 
serious negative impacts on the refineries, provided refinery investments were 
appropriately made to adjust for the change in the mix of refined products produced from a 
barrel of a particular type of crude oil. With sufficient government and private sector 
cooperation, refinery impacts do not preclude an aggressive substitution goal. 
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2.5.5.9. POTENTIAL ELEMENTS OF AN ALTERNATIVE 
FUELS PROGRAM 

A number of potential measures to encourage the local production and use of alternative 
fuels were studied in Project 5. Twelve measures targeting alternative fuels, eight 
measures targeting AFVs, four public outreach and education measures, and five 
government activity measures were discussed and evaluated individually and in 
combination. Energy, alternative fuel vehicle population, employment, and cost impacts 
were estimated for each of the major alternative fuel and AFV measures. The results of 
these individual measures are provided in the Project 5 Report 

2.5.5.10. EFFECTIVENESS OF MEASURES AND GROUPS OF 
MEASURES 

Energy, AFV numbers, related employment, and cost impacts were estimated for each of 
the major alternative fuel and AFV measures as well as for groups of measures. 

The effectiveness of measures in accomplishing any one of several possible goals depended 
on a variety of factors. The results presented in Project 5 were simply one possible 
outcome resulting from one particular set of assumptions. As technologies, prices, and 
other factors change, so will the relative effectiveness of these types of measures. The 
intent of Project 5 was to provide a preliminary evaluation and to develop tools to enable 
decision-makers to evaluate the numerous options in the area of transportation energy and 
alternative fuels. 

Displacement Of Gasoline And Diesel 

In all cases evaluated, projected demand for gasoline and diesel fuels in 2014 was greater 
than demand in 1995. Aside from the measure which required private and rental fleets to 
purchase AFVs, none of the scenarios showed more than a 10% displacement of gasoline 
and diesel from the “future no action” case in 2014. 

Several of the measures had costs associated with their implementation. Projected costs 
were distributed across the projected gasoline and diesel displacement for each year to 
obtain estimated cost per gasoline equivalent gallon (GEG) of gasoline and diesel 
displaced. Costs of projected displacements ranged from a low of zero cents per GEG 
displaced to a peak of $5.50 per GEG displaced. 

A measure requiring private fleets to purchase A F V s  was projected to accomplish the 
greatest amount of displacement over the long term (although with a relatively high 
projected cost per GEG displaced). Alcohol blending measures were the most effective 
means to maximize displacement of gasoline and diesel fuel over a shorter term. 

Number Of Alternative Fuel Vehicles 

Even without fleet mandates, about 60,000 A F V s  were projected to be in use by 2014, 
primarily due to the requirements of EPACT and significant numbers of voluntary 
purchases. The overall effect of different combinations of fuel and vehicle incentives was 
to influence the mix of AFV rather than to increase the total number of alternative fuel 
vehicles. These results were very sensitive to availability of alternative fuel vehicles from 
,the manufacturers. 

A measure requiring private fleets to purchase AFVs was projected to maximize the number 
of A F v s  in use (although with a relatively high projected cost per additional vehicle). The 
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next most effective single measure to maximize the number of AFVs in use was outreach / 
education. 

Jobs 

Employment estimates were developed; these numbers were compared using the “future no 
action” case as a baseline. Projected costs were distributed across the projected cumulative 
number of jobs to obtain estimated cost per person-year of employment Cost per job 
ranged from $0 to over $1OO,OOO per job, with a significant amount of employment (at a 
projected cost of from $0 to $7000 per job) in the case of large-scale local production of 
alcohol fuels. The reader is referred to Chapter 3 of the Huwaii Energy Strategy Report for 
details. 

2.6. PROJECT 6 - ENERGY VULNERABILITY REPORT AND 
CONTINGENCY PLANNING 

2.6.1. 

Project 6 determined the vulnerability of Hawaii’s energy systems to disruptions stemming 
from natural disasters and idenflied ways to reduce that vulnerability. The project assessed 
the state’s capability to effectively contend with an energy supply disruption; and examined 
hazard mitigation options for minimizing energy system vulnerability, improving energy 
emergency preparedness (EEP) planning, and response. Further, the project recommended 
future funding support by the Federal Emergency Management Agency (FEW) to mitigate 
existing hazards. The objectives were as follows: 

Project 6 Purpose and Objectives 

e To conduct a comprehensive assessment of Hawaii’s energy system 
vulnerability to energy supply disruptions from natural disasters. 

0 To evaluate industqdstate energy emergency readiness and acceptable levels 

To recommend hazard mitigation initiatives to decrease energy system 

of risk in view of potential vulnerabilities. 

vulnerability and improve Hawaii’s energy emergency contingency planning 
and response capability. 

e 

2.6.2. Project 6 Approach 

The physical and procedural vulnerabilities of Hawaii’s energy systems were assessed. 
This energy vulnerability assessment was identified as a hazard mitigation need in the 
aftermath of Hurricane Iniki. In July, August, and November 1994, a team comprised of 
representatives from the US. Department of Energy, Bonneville Power Administration, 
the U.S. Army Corps of Engineers, and the State of Hawaii conducted site audits of key 
energy facilities throughout the state. These site audits were augmented by meetings with 
energy industry representatives, reviews of emergency plans and other documents, and 
discussions with lifeline service organizations; (e.g., fire, police, ambulance, etc.) 
Information was also gathered from the National Weather Service, State Civil Defense, 
University of Hawaii Engineering Department, U.S. Geological Survey, and a private 
meteorological consultant 

Findings were analyzed and options for hazard mitigation assessed. The cost-effectiveness 
and functional effectiveness of hazard mitigation options for increasing total energy system 
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reliability, reducing vulnerability, and/or facilitating rapid restoration of services were 
assessed as a basis for specific recommendations. 

2.6.3. Project 6 Report 

The Project 6 report was presented in two volumes. 

e Hazard Mitigation Study - Hawaiiun Islands was produced by the US. 
Department of Energy Office of Emergency Management, It discussed the 
projected frequency of natural disasters in Hawaii, described the Hawaii energy 
infrastructure, and presented a variety of hazard mitigation options. 

Hazard Mitigation Study for Coastal Hazards- Hawaiian Islands was 
produced by the U.S. Army Corps of Engineers, Pacific Division. It reported on 
the state’s energy systems found within coastal flooding inundation zones and made 
alternative hazard mitigation proposals. It also presented an economic evaluation of 
hazard mitigation proposals and recommended specific proposals. 

2.6.4. Findings of Project 6 

2.6.4.1. HAWAII ENERGY FACILITY VULNERABILITY TO 
NATURAL DISASTERS 

A study of the history of natural disasters which caused property damage on the Hawaiian 
Islands was used to derive recurrence intervals for natural disasters and vulnerability of the 
state’s energy facilities. These are time periods for use in costhenefit analyses. They 
represent the time periods for potential damage to energy and lifeline facilities. The shorter 
the time period, the greater the likelihood. They do not represent the extreme value return 
periods of the natural disasters. The time periods were based largely on historical data and 
reflect the location and relative number of energy and lifeline facilities relative to the hazard. 

Earthquakes. Based on earthquake data obtained from the National Geophysical Data 
Center, Oceanic and Atmospheric Administration for earthquake events of magnitude 6.5 
on the Richter scale or greater from 1834 to August 1994, the following estimated 
recurrence intervals were developed by island: Hawaii - 25 years; Oahu, Maui, Molokai, 
and Lanai - more than 50 years; and Kauai -- more than 100 years. 

Extreme Winds. Transmission lines located near or on mountainous te~ain are subject 
to damage by extreme winds. Reports of localized extreme winds over mountainous terrain 
were used to estimate the following expected recurrence intervals by island Hawaii, 
Kauai, Maui, and Oahu -- 25 years; Molokai and Lanai -- 100 years. 

Hurricanes. Three hurricanes and one tropical storm have caused significant property 
damage since 1957. Based upon this recent history, the expected recurrence intervals by 
island were estimated as follows: Quai -- 25 years; Oahu, Maui, Molokai, and Lanai -- 50 
years; and Hawaii -- 100 years. 

Tsunamis. The Hawaiian Islands have a long history of damaging tsunamis. Most 
tsunamis were generated by undersea earthquakes of magnitudes greater than 6.5 on the 
Richter scale, coastal landslides, and volcanic eruptions. Since 1837,16 tsunamis caused 
significant damage. (Recurrence intervals to be determined from Corps of Engineer study 
to be completed in September.) 
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Volcanic Activity. A DOE study of volcanic hazards for the Hawaiian Islands reviewed 
geological data. The expected recurrence intervals for lava flows were estimated by island 
as follows: Hawaii -- 25 years; Maui and Oahu -- more than 100 years; Molokai -- more 
than 500 years; and Lanai and Kauai -- more than lo00 years. 

2.6.4.2. HAWAII ENERGY SYSTEM VULNERABILITY TO 
OTHER FACTORS 

Petroleum Dependence. Hawaii's relative isolation and lack of ne,arby sources of 
petroleum make energy planning, energy emergency preparedness, and system reliability 
very important. Hawaii's petroleum infrastructure provides relatively large storage 
terminals for petroleum on Oahu and smaller, but critical terminals on the neighboring 
islands. Harbors are a critical component to petroleum supply and distribution in the 
Hawaiian Islands. 

Vulnerability to Oil Price Spikes. Since 1973, Hawaii's economy has been affected 
by three major oil supply disruptions characterized by sharply increasing oil prices. 
DBEDT used the ENERGY 2020 model to analyze a scenario to determine the potential 
effects of a one-year oil price spike. The scenario results suggest that Hawaii's dependence 
on oil makes it vulnerable to significant impacts on employment, GRP, personal income, 
energy prices, and other economic factors. A summary of the Oil Price Spike Analysis is 
included as Appendix 2 of this Executive Summary. 

Regulatory Changes and Economic Trends. The petroleum supply and distribution 
infi-astructure is currently experiencing downsizing and changes due to constraints of 
increasingly strict federal environmental regulation and economic trends, which may limit 
system flexibility and the ability to respond to a supply emergency in an expeditious 
manner. 

2.6.4.3. HAWAII ENERGY INFRASTRUCTURE 
VULNERABILITIES 

A detailed analysis of the vulnerabilities of the Hawaii energy and energy-related 
infrastrucm was conducted, including electric utilities, gas utilities, oil refineries, 
pipelines, terminals, harbors, storage facilities, and Meline services. Lifeline services 
include telecommunications, police-fire-medical, food supply, waste water treatment, and 
water supply. These are described in detail in the Project 6 Final Report. 

2.7. PROJECT 7 - HAWAII ENERGY STRATEGY PROGRAM 
INTEGRATION 

2.7.1. Project 7 Purpose and Objectives 

The purpose of Project 7 was to integrate the findings of the overall HES program into a 
comprehensive state energy strategy. Specific objectives were: 

Integrate and synthesize the HES Program into a final report and to facilitate 
the exchange of information between the other six projects for inclusion in 
the final report. 

Present a draft report to the public for feedback. 
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2.7.2. 

e 

e 

e 

e 

e 

e 

Identify, assess, and recommend the potential public policy mechanisms 
(e.g., legislative, regulatory, or both) by which to implement a "least-cost" 
strategy for energy development in Hawaii. 

Use existing energy policy and planning management frameworks for 
synthesis, integration, and evaluation of policy and planning initiatives that 
emerged from the component projects. 

Develop, evaluate, and recommend policy initiatives and plans to formalize 
an energy planning and policy evaluation system within state government 

Develop an energy planning and policy evaluation capability by creating an 
integration and evaluation model based on ENERGY 2020 and by providing 
requisite staff training, strengthening the state's in-house capabilities and 
reducing dependence on outside consultants. 

Develop an energy externalities cosllbenefit accounting system for Hawaii. 

Write a detailed written report with stand alone summary version. 

How Project 7 Was Accomplished 

DBEDT Energy Division staff drafted the first outline of the Hawaii Energy Strategy Final 
Report in June 1992. The outline was included in the Hawaii Energy Strategy Program 
Guide in September 1992 and was provided to all Project Managers and their consultants to 
assist them in developing compatible final project reports. Since each of the other six HES 
projects focused on only one aspect of the energy system, the efforts had to be integrated to 
evaluate recommendations within the context of the overall energy system, as well as the 
economy. 

Systematic Solutions, Inc. (SSI), was competitively selected as the Project 7 consultant in 
March 1993 to create an integration and evaluation version of the ENERGY 2020 computer 
model for each of Hawaii's four counties. The ENERGY 2020 model and the 
macroeconomic model developed by Regional Economic Models, hc. (REMI), were used 
to develop an automated system for use in evaluating the effectiveness of policy options 
from all of the HES component projects. In addition, DBEDT Energy Division staff and 
the consultant developed and recommended policy initiatives and plans to formally adopt 
the model and acquire needed data, and the consultant trained the DBEDT Energy Division 
staff in the use of the modeL 

The possibility of developing an energy extemalities accounting system was examined. 
Externalities are the environmental, social, cultural, and economic costs and benefits which 
are not adequately reflected in the price consumers pay for a commodity. With respect to 
energy, these include air and water pollution, effects of oil imports on Hawaii's economy, 
government subsidies, risks of oil spills, etc. 

The Project 7 Manager conducted research to determine what other jurisdictions' policies 
and experiences were with calculating and assigning values to these external energy costs, 
so that these costs could be directly accounted for, or "internalized" in the energy market. 
Since the Hawaii PUC, in its May 1992 IRP Framework. ordered Hawaii's utilities to 
account for external costs and benefits of the energy resources evaluated for selection in the 
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IEW process, Project 7 also reviewed how Hawaii utilities attempted to accomplish this in 
relation to the experiences of the other jurisdictions. These results are being used in 
DBEDT's participation in the utilities' externalities advisory groups and are not separately 
presented in this report. One set of externalities, greenhouse gases, was evaluated in the 
ENERGY 2020 model. 

2.7.3. Project 7 Report 

This Hawaii Energy Strategy Executive Summary, the Hawaii Energy Strategy Report, and 
the Hawaii Energy Strategy Technical Report were produced under Project 7 with 
considerable assistance from the DBEDT Energy Division staff. These are described in 
more detail in Chapter 1. 

2.7.4. Findings of Project 7 

2.7.4.1.  "EXTERNALITIES": EXTERNAL COSTS AND 
BENEFITS OF ENERGY RESOURCES 

Energy prices are currently determined by market forces which reflect the direct cost of 
exploration, production, distribution, and other factors similar to those involved in the 
manufacture and sale of any commodity. However, there are certain indirect 
environmental, social, cultural, and economic costs which are not reflected in current 
market energy prices. These costs include: 

Effects of pollution on public health; 
Ground, air, and water pollution and damage to agricultural crops and 
livestock; 
Military costs of ensuring the security of energy supplies; 
Effects of oil imports on the economy; 
Government subsidies; 
Oil spills and fuel tank leakage and their effects on the environment and 
commerce; 
Effects of pollution on historical sites, buildings, and other facilities; and 
Cultural impacts. 

2.7.4.2. COMPREHENSIVE STATE ENERGY PLANNING 

Project 7 clearly delineated the advantages of comprehensive state energy planning. This 
process should be an open and public process in which the state could acquire the 
necessary knowledge of its energy situation to identify current and future strategies and 
actions designed to support and achieve its stated energy policy objectives. To the extent 
possible, the process should actively involve the state's professional energy community 
(e-g., industry and environmental groups) throughout the entire planning cycle, but 
especially in the technical review of, each component of the process. 

The essential technical components of the Hawaii comprehensive state energy planning 
process are: 

a 

e 

Long Range Energy SupplyDemand Forecasts; . 
Energy Resource and Technology Assessment; 
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e 

e 

e Transportation Energy Strategy; and 
e 

Energy Emergency Preparedness (EEP) Plan; 
Renewable Energy Research, Development, Demonstration and 
Commercialization (RDD&C) Strategy; 

Integration. The recommended policies of the other planning 
components are modeled and analyzed for their probable effects on 
Hawaii's energy system, environment and economy. 

The HES report and the information, policy analyses, and policy recommendations it 
contains begin to demonstrate the importance and value of the energy planning process 
envisioned for Hawaii. The report provides comprehensive coverage of key energy issues, 
options, and a 20-year strategy to address the issues in support of the state's policy 
objectives. HES represents a first iteration of what should be a triennial planning cycle. 

Future plans will offer decision-makers in government and industry the most up-to-date, 
in-depth energy information and analysis available specific to Hawaii. This information is 
required to adequately support the statutory energy planning and policy role of the State 
Energy Resources Coordinator. It should also be noted that the HEP program and other 
past public energy policy activities, such as the Energy & Environmental Summit process, 
have recommended that the state formalize energy planning into a statutory requirement. 

2.7.4.3. STATE ENERGY SYSTEM MODELING CAPABILITY 

The HES program created a state energy system modeling capability and comprehensive, 
statewide energy resource assessments which could form the basis of future triennial 
integrated energy planning to allow more informed energy policy decision making. 
Comprehensive state energy planning and policy development and implementation could 
contribute to significant economic and environmental gains. 

2.7.4.4. DBEDT ENERGY DIVISION STAFF SKILL 
ENHANCEMENT 

The program transferred important skills from the consultants to the DBEDT Energy 
Division staff to strengthen in-house energy planning, policy analysis, energy modeling, 
and management expertise. 

2.7.4.5. ENERGY 2020 MODEL RESULTS 

Project 7 included an analysis of three scenarios using the ENERGY 2020 model which 
incorporated preferred resource options to move Hawaii's energy system toward the state's 
statutory energy policy objectives as outlined in Section 226-18(a), HRS, as amended by 
Act 96, Session Laws of Hawaii 1994. The energy policy objectives were the basis of 
three scenarios: Cost-Effective Energy Diversification (CEED); Maximum DSM/Maximum 
Renewable Energy (DSMRE); and Energy Security @). 

The objective of the CEED scenario was to meet Hawaii's future energy needs while 
minimizing the total cost of energy use. The DSMRE scenario used maximum DSM, 
efficiency measures, and maximum renewable energy to reduce Hawaii's dependency on 
imported oil by reducing energy demand and substituting renewable energy to the extent 
possible. The ES scenario reduced Hawaii's oil dependence by also using maximum 
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DSM, efficiency measures, and maximum renewable energy, but coal was also considered 
as an alternative to oil. 

These were compared against Baseline 2020, the energy forecast produced by ENERGY 
2020 based upon the requirements of the economic forecast, types of generation planned by 
the utilities in their current IRPs, and the DSM programs in the utility IRps. Baseline 2020 
provided the “business as usual” future for Hawaii against which the scenarios 
incorporating Hawaii’s energy policy objectives were compared. 

DSM Programs Selected for Scenario Runs 

The DSM programs listed in Table 2-3 were used in all three scenarios as they represented 
cost-effective ways to reduce energy demand, maximize DSM, and improve energy 
security. Details of Kauai Electric’s proposed DSM measures in support of their IRP were 
not available at the time of the scenario runs. To provide an analysis similar to those 
conducted for the other utilities, an additional residential DSM program similar to the 
programs proposed by the HECO utilities was used in the Kauai model. 

Table 2-3. DSM Program Measures Used in ENERGY 2020 Scenario Runs 

The two transportation packages included a set of measures that encouraged ethanol use, 
mandated the use of E10 fuel in place of gasoline, subsidized ethanol production, and 
provided incentives to purchase ethanol-fueled vehicles, other alternative liquid fueled 
vehicles, or EVs. A second package of measures was designed to reduce vehicle miles 
traveled by 10 percent through the use of a combination of high occupancy vehicles 
(HOV), vehicle use limitations, bus route expansion, and increased parking fees. These 
packages, in the initial runs of this scenario, produced large transportation energy savings 
and were cost-effective as well. 

Only one mandate, requiring that 60 percent of new housing have solar water heating, was 
started immediately. The other three programs (removal of second refrigerators, utility 
rebates on heat pump clothes dryers, and another mandate requiring water heating controls 
on all residential homes with electric water heating) were started in 2000 to minimize 
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electricity rate increases. For the same reason, the commercial lighting rebate began in 
2000 as well. The industrial programs started in 1995. Offering solar process heating 
rebates resulted in some load building for the electric utilities since electric back-up service 
was required. Mandating the use of biomass in industrial boilers was feasible in this 
scenario because of increased sugar production to make ethanol modeled in the 
transportation energy portion of the scenario. 

The DSM programs had positive effects in each county, increasing.GRl? largely due to the 
subsidy of ethanol production in the transportation programs. The subsidy would be paid 
for by additional taxes on gasoline. Oil use declined as did emissions. Furthermore, the 
electric DSM programs reduced peak demand. This reduced capacity requirements by 
2014, and electricity sales declined as well. The total cost of energy resourcp was also 
reduced. The utility programs already in Baseline 2020 were also cost-effective. The 
saturation of air conditioning increased and created a larger temperature sensitive load, 
which in turn, changed Oahu’s electricity load shape. As this occurs, additional DSM 
programs should be evaluated to help reduce peak demand fiom the increased air 
conditioning load. 

The specific results of the model run can be found in Chapter 7 of the Hawaii Energy 
Strategy Report. The point here is that the programs were found to be effective and were 
used in the ENERGY 2020 model scenario runs. 

Supply Portfolios 

An extensive portfolio of renewable energy resources for each county was evaluated in the 
EIWRGY 2020 model along with fossil-fueled generation using the objectives of the 
scenarios to guide selection. The model produced a separate supply portfolio for each of 
the three scenarios for Oahu, a single portfolio for all three scenarios for Maui and Hawaii 
counties, and two portfolios (one for CEED and one for DSMRE and ES) for Kauai 

Wind, wave, and solar power are intermittent resources; that is, their energy source 
depends upon weather conditions which are variable and cannot be counted on to meet peak 
demand. In the ENERGY 2020 model, when both capacity and energy were required, 
intermittent resources were cost-effectively teamed with battery storage. The batteries 
could be charged by renewables when conditions were favorable and stored until needed. 

In practice, of course, the batteries could also be charged by whatever generation resource 
is running at the time charging is necessary. Thus, the one-to-one relationship modeled 
between the intermittent resource and the battery system is not necessarily required. In the 
case of the combinations modeled in ENERGY 2020, the capacity factor of the intermittent 
resource is typically some percentage. of its rated capacity. If direct matching of the 
renewable resource and battery system had been desired, a smaller battery capacity would 
have been indicated. However, in this case, it was the battery capacity which was matched 
to peak demand and was supplemented by the renewable resource. 

Battery, and other energy storage systems, are typically used to smooth out relatively short- 
term power fluctuations, minimize adverse impacts on power quality, and increase the 
availability of power produced. It is in the latter role that the battery storage systkms have 
been combined with intermittent renewable energy. 

Oahu CEED Supply. Table 2-4 shows the capacity additions and retirements in the 
CEED supply portfolio for Oahu. Note that this and the other tables depicting additions 
and retkments of electrical generation in this section show only those years where changes 
occur. The retirements in this and the other two Oahu scenarios were based on those 
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projected by HECO in its IEW with the first oil steam plant retirement delayed one year. In 
this simulation, where cost-effectiveness was an important factor, some oil-fired new 
generation was used. The first plant needed, in 2005, was a 45 MW oil steam plant -- the 
most cost-effective option at that time. The coal-fired plant, Barbers Point refuse plant, and 
OTEC facilities at Kahe Point were also cost-effective 2. Batteries were installed in 2014, 
coupled with a 30 MW wind facility. The total gross generating capacity built over the 
planning period was 480 MW; net generation was 450 MW. Less than 10 percent of the 
new generation capacity was oil-fired. 

Oahu DSMRE Supply. 

Table 2-5 shows the capacity additions and retirements in the DSMRE supply portfolio for 
Oahu Batteries, coupled with intermittent power sources (wind, wave, and solar) were an 
important part of this portfolio. A total of 245 MW of storage was needed to provide fm 
supply from 150 MW of wave capacity, 45 MW of wind capacity, and 50 MW of tracking 
photovoltaic solar capacity. A 95 MW refuse-to-energy plant and a 100 MW OTEC 
facility, both providing fm capacity, rounded out the mix. Thus, in this scenario, all 
planned new fossil fuel facilities were replaced with renewable energy capacity. The total 
new gross generation constructed over the planning period was 685 MW for an effective 
new capacity total (less the capacity of the battery storage system since it does not produce 
electricity) of 4-40 MW. 

OTEC capital costs for a 60 MW facility in 2004 were estimated by Project 3 at $615.8 million, or 
$8,603 per kW, for a cost of electricity of 20.41 cents per kwh (all values 1993 dollars). These costs 
were clearly not competitive based upon current economic forecasts. However, based upon cost figures 
provided by a developer who intends to construct an OTEC facility in India, a 100 h4W plant was 
modeled for Oahu with a capital cost of $250 million, or $2,095 per kW, and an electricity cost of 4.6 
cents per kwh. Such a Eacility was selected by the ENERGY 2020 model as cost-effective and is 
included in the Oahu portfolios for the three scenarios. Should such costs not be achievable, another 
option, or set of options, of similar size would be selected. 
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Oahu ES Supply. Table 2-6 shows the capacity additions and retirements that made up 
the Energy Security supply portfolio for Oahu, The addition of a large (180 MW) coal 
steam plant was the most prominent feature of the ES supply portfolio. Oahu was the only 
island that could support a coal plant of this size. 

Another large facility, an OTEC plant of 100 MW at Kahe Point., was forecast to be needed 
a year before the coal plant. This 280 MW of capacity would compensate for over 250 
MW of oil-fired generation rethments scheduled to occur before 2010. In addition to the 
two large plants, two smaller intermittent resources, 75 MW of wind at Kahuku and Kaena 
Point were developed and coupled with batteries to provide an additional 75 MW of firm 
capacity. A 95 M W  municipal solid waste plant at Barbers Point rounded out the mix for 
total gross generation additions of 525 MW with firm capacity to meet peak demands of 
450 MW. No new oil-freed resources were required. 

Table 2-6. The Oahu Supply Portfolio for the ES Scenario 
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Maui County CEED, DSMRE, and ES Supply. Table 2-7 shows the capacity 
additions and retirements for Maui County which were the same in all three scenarios. AU 
new oil-fired generation projected in Baseline 2020 was replaced with renewable energy. 
MECO needed new resources very early in the planning period, in 1997, and the renewable 
energy plant that best fit the 25 MW requirement was a municipal solid waste plant at Paia 
Puunene, a well-developed renewable energy technology. Other plant choices included 
three 25 MW biomass plants (tree crop biomass at Paia Puunene in 1997 with another in 
2002 and a sugar biomass facility in 2006) and two 10 MW windhattery plants (at 
McGregor in 2005 and West Maui in 2010) and one 20 MW windhattery facility (West 
Maui in 2008) for a total gross resource addition of 180 MW. The net capacity addition 
was 140 MW. Since ENERGY 2020 models Maui county as a single system, some of the 
plant sizes may have been too large depending on where the energy needs were. SpecXic 
capacity reqkments  for Lanai and Molokai were not addressed separately. 

Table 2-7. The Maui County Supply Porffolw for the CEED, DSMRE, and ES 
Scenarios 

Hawaii County CEED, DSMRE, and ES Supply. 

Table 2-8 shows the capacity additions and retirements that made up the CEED, DSMRE, 
and ES supply portfolios for Hawaii County. As of October 1995, an oil-fired plant was 
alteady planned in the HELCO IRP and the generators had been purchased. Despite 
HEKO’s plan, it was not clear that permits would be granted for the plant. However, it 
appears that the next generation unit will be a similar oil-fired dual train combined cycle 
(DTCC) generator built by either by HELCO or an IPP. Another plant type was not 
substituted for this generation and, because of the significant amount of retirements 
scheduled early in the planning period, the additional DSM selected in Table 2-3 cannot 
defer it. However, the remaining 120 MW of new oil-fired generation projected in 
Baseline 2020 was fully replaced with 139 MW (net) of new renewable energy capacity. 
There was a hydro site at Umauma Stream (13.8 MW) and a geothermal site (25 MW) that 
could be developed cost-effectively early in the planning period to meet capacity needs. 
Later, 55 MW of windhatteries at sites in North Kohala (15 MW in 2005) and Lalamilo 
Wells (20 MW each in 2007 and 2009) and 25 MW of biomass (a 25 M W  facility burning 
trees and waste on the Hilo Coast) were developed to round out the portfolio. 
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Kauai CEED Supply. Table 2-9 shows the capacity additions and retirements in the 
CEED supply portfolio for Kauai. The results differed considerably from the rest of the 
islands. Oil-fired generation was cost-effective and the ENERGY 2020 model did not 
substitute renewable energy resources. Therefore, the CEED portfolio had 37 MW of oil 
generation. 

120.6 127.2 127.2 137.2 137.2 137.2 147.2 

Table 2-9. The Kauai County SuppZy Porrfolio for the CEED Scenario 

Kauai County DSMRE and ES Supply. 

Table 2-10. The Kauai County Supply PorrfoZio for the DSMRE and ES Scenarios 

Table 2-10 shows the capacity additions and Etkments that made up the DSMRE and ES 
supply portfolios for Kauai. The first new plant was needed in 1997. Since the lead time 
was very short, the first 7.9 MW oil-fired plant that KE proposed in its IRP was not 
replaced with a renewable energy resource. However, the remaining 40 MW of oil-fired 
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power plants modeled in Baseline 2020 were replaced with 27 MW of renewable energy 
resources, including a 6.6 MW hydro facility on the Wailua River and two 10 M W  biomass 
plants using tree crops for fuel with one at Lihue and the other at Kaumakani, for a total of 
37 Mw. 

Results of the ENERGY 2020 Runs 

This section summarizes the effects of the three scenarios on electricity peak demand and 
sales, gas sales, transportation energy demand, and total energy demand. Detailed tables 
and graphs depicting these results can be found in Chapter 8 of the Hawaii Energy Strategy 
Report. 

e 

e 

Peak Demand. Electricity peak demand in all scenario runs w& lower 
than Baseline 2020 in all counties. Peak demand was reduced by DSM 
program implementation beyond that proposed by the utility IRPs. 
Average Real Electricity Prices. Average real electricity prices 
declined from Baseline 2020 in all scenarios for Honolulu, Maui, and 
Hawaii counties primarily due to the lower relative cost of renewable energy 
power compared to oil-fired generation. These results were robust but were 
sensitive to oil prices and capital, operations, and maintenance costs. DSM 
programs alone generally caused a slight increase in price early in the 
planning period which diminished later on. On Kauai, all prices rose 
because DSM implemented early in the planning period caused prices to 
increase because existing excess capacity was not absorbed as quickly by 
the DSM-reduced demand. The results in each county vary by less than one 
cent between the scenarios. 
Electricity Sales. Changes in electricity sales were the result of two 
opposing phenomena. The DSM programs reduced electricity sales; 
however, the price reductions caused price-induced inmases in electricity 
sales. One problem with increasing electricity system efficiency and the 
resulting lower prices was that electricity use and less efficient practices 
were actually encouraged by lower prices. Although statewide sales and 
sales in most of the counties decreased, in Maui County sales increased 
even with the DSM programs. 
Gas Sales. Bottled and utility gas sales changedlittle over the planning 
period. There was some evidence of price-induced fuel switching to 
electricity in Honolulu and Maui counties where utility gas sales declined in 
the scenarios with lower electricity prices. 
Ground Transportation Fuel Demand. The composition of ground 
transportation demand changed significantly over the planning period due to 
transportation policies that promoted alternative fuel use. By far the biggest 
single change in transportation energy patterns can be attributed to 
mandating the use of E10 fuel. This, coupled with incentives for alternative 
fuel vehicles and a reduction in vehicle miles traveled resulted in decreases 
in gasoline demand of 15 percent to 20 percent depending on the county and 
over a 15 percent reduction statewide. A small reduction in diesel use also 
occurred. 
Total Energy Demand. 

Total state energy demand changed more in composition than in size. 
Primary energy use is shown in Table 2-1 1. This includes all energy used 
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in Hawaii except military transportation energy for which statistics are not 
available. Oil use declined from as much as 25 percent in Maui County to 
as little as 4 percent on Oahu. If no new oil-fired generation was built on 
Oahu, there would still be a large number of existing oil-fired plants. In 
Maui and Hawaii counties, with their planned generation plant retirements, 
there was a chance to replace a considerable amount of oil-fired generation 
with renewable resources. Since some fossil-fueled power plants have 
useful lives of between 30 to 50 years, favorable consideration of non-oil 
powered plants in near-term construction decisions is important. 

Honolulu 
Maui 

Hawaii 
Kauai 

STATE 

5,593 5.592 5,595 5,585 -8 
528 620 620 620 92 
545 636 636 636 91 
281 301 31 2 31 2 31 

6,946 7,155 7,164 7,153 206 

Honolulu 
Maui 

Hawaii 
Kauai  

STATE 

0 Greenhouse Gas Emissions. All four counties experienced some 
decline in emissions. However, since biomass, coal, and municipal solid 
waste were used on Oahu, Oahu had the smallest reduction. 
Effects on the Economy and Employment. Small increases in both 
GRP and employment were experienced in all cases compared to Baseline 
2020. Most increases were due to transportation policies that encouraged 
“home grown” ethanol. Most production would take place in Hawaii and 
Maui counties, which gave these counties the greatest percentage change in 
income. Employment increases were of the same magnitude and exhibited 
the same patterns as GRP growth. Proportionately, there was greater 
employment growth in the smaller counties than on Oahu. 

0 

222 452 492 466 270 
134 335 ’ 335 335 201 
92 271 271 271 179 
67 120 133 133 66 
51 4 1,178 1,231 1,205 71 6 
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CHAPTER 3: MODELING HAWAII'S ENERGY FUTURE 

3.1. ENERGY 2020 -- THE ENERGY MODEL 

As discussed in Chapter 2, the demand module of ENERGY 2020 was selected from 
numerous existing computer models, and the option of developing a new model as the 
Analytical Energy Forecasting Model for the State of Hawaii under Project 1. A s  the 
energy forecast was being developed, it was recognized that the complete ENERGY 2020 
model would be an excellent tool to model Hawaii's whole energy system. Integrating and 
evaluating HE!3 recommendations, and testing policy meaSureS could be performed in this 
comprehensive framework. Subsequently, the entire model was adopted for use under 
Project 7. A separate model was created and calibrated for each county. 

ENERGY 2020 is a system dynamics model developed by Systematic Solutions, Inc. 
(SSI), designed especially for comprehensive energy planning at a state leveL The model 
integrates energy demand, supply, and the economy, allowing policy analyses to be 
performed. Specifically, ENERGY 2020 simulates the major departments of regulated 
electric and gas utilities, other supply sources, and the major components of energy 
demand, including transportation demand, in a single comprehensive framework connected 
by several important feedback responses. Figure 3-1 illustrates the basic feedback loops in 
ENERGY 2020. 

ENERGY 
DEMAND 

(Sales) 

I 1 ENERGY 

I ' Product) 

I 

Figure 3-I.  Feedback Loops Linking the Components of ENERGY 2020 

r] ENERGY I 
(Prices) 

I (Gross Regional 

3.1 .l. Structure of ENERGY 2020 

The structure of the ENERGY 2020 model, representing how decision makers act, 
determines the model results, rather than external data. The ENERGY 2020 model is 
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calibrated to replicate history. This is important because unless a model can reproduce 
history, a user will have little confidence that it can legitimately repment the future. But 
because ENERGY 2020 simulates how participants in an energy system make decisions, it 
is able to determine how decision makers may act when they are faced with conditions for 
which there is no historical precedent. 

In an internally consistent manner, the ENERGY 2020 scenario framework integrates all 
three major components of the energy system: prices, the county/utility service area 
economy; the demand of county/utility service area consumers; and energy supplies. 

Each of these components is represented by one or more sectors. ENERGY 2020 can also 
be linked with the corresponding Regional Economic Models, Inc. (REMI) macroeconomic 
models, and could also be linked to explicitly modeled electric utility, ground 
transportation, and both the utility and bottled sectors. Oil rething, air transportation, and 
marine transportation were only modeled at the state level. Demand was divided into four 
customer classes: residential, commercial; industrial (including cogeneration); and 
transportation, which were in turn disaggregated into numerous end-use groups. 
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Figure 3-2. ENERGY 2020 Demand Configuration 

In the demand module, ENERGY 2020 models the demand for energy service and the 
detailed components of that demand. It takes into account many factors affecting energy 
choices including: both device and process efficiency choices; the consumer's budget 
constraints; customer preferences; information requirements; economic growth impacts; 
technology changes; and take-back dynamics. ENERGY 2020 causally formulates the 
energy demand equation. In contrast to end-use models which use price elasticities to 
determine how demand reacts to changes in price, ENERGY 2020 explicitly identifies the 
multiple ways price changes influence the relative economics of alternative technologies and 
behaviors, which in turn determine consumers' demand. In this sense, price elasticities are 
outputs, not inputs, of ENERGY 2020. The model recognizes that price responses vary 
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over time, and depend upon factors such as the rate of investment, age and efficiency of the 
capital stock, and the relative prices of alternative technologies. Figure 3-2 illustrates the 
basic demand configuration of ENERGY 2020. 

The basic supply sector of ENERGY 2020 provides price feedback to the demand and 
economy sectors. The supply sector includes not only the energy producing and delivering 
companies, but also the regulators and market mechanisms. 
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Figure 3-3. Basic ENERGY 2020 Electricity Sector 

The Hawaii version of ENERGY 2020 simulates the detailed operation of the four 
regulated electric companies and the one regulated gas company operating in Hawaii as well 
as the non-utility and transportation energy sectors. The ENERGY 2020 electricity sector 
is shown in Figure 3-3. The model endogenously forecasts capacity needs, as well as the 
planning, construction, operation, and retirement of generating plants and transmission 
facilities. In the model, each step is fmanced by revenues, debt, and the sale of stock. 
Like their real-world counterparts, the simulated utilities pay taxes. A complete set of 
accounting books is also generated by the model. In ENERGY 2020, the regulatory 
function is modeled as a part of the utility sector. The regulator sets the allowed rate of 
return, divides revenue responsibility among customer classes, approves rate base, 
revenues and expenses, and sets fuel adjustment charges. 

A detailed supply sector composed of oil refining on Oahu and imports of finished products 
was also explicitly modeled. ENERGY 2020 has a pollution accounting module to keep 
track of pollution generation by: end-use and fuel from the demand sector; and 
supply/plant type from the utility sector. ENERGY 2020's pollution accounting module 
also tracked energy-related pollution in the transportation sector by mode, and in the 
industrial sector by two digit SIC code. The greenhouse gasses, carbon dioxide, nitrous 
oxide, and methane were also tracked. 

- -  
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3.2. ENERGY 2020 AND THE REM1 ECONOMIC MODEL 

A macroeconomic forecasting model was required to create the specific economic drivers 
for ENERGY 2020. As no current State of Hawaii economic forecast was available at the 
time of the analysis, the E M I  economic forecasting model was used to forecast these 
necessary economic drivers. The REMI model simulated the competition between the local 
service area and the “rest-of-the-world” for markets, business, and population. ENERGY 
2020, when linked to REM, captured the feedback impacts of rates, construction, and 
conservation programs on local economic growth, employment, and energy use. The four 
county economic forecasts produced the REMI model in conjunction with ENERGY 2020 
will not be presented in this executive summary. Highlights of the economic forecasts may 
be found in Chapter 5 of the Hawaii Energy Strategy Report. 

3.3. THE ENERGY FORECASTS: HAWAII’S ENERGY FUTURE 
UNDER CURRENT PLANS 

A baseline forecast of future energy demand in the residential, commercial, industrial, and 
transportation sectors was created for each county in Hawaii. The forecast, designated 
Baseline 2020, was based upon the following: 

economic drivers from the Baseline 2020 WMI economic forecast; 

middle value energy prices from the 1994 DOEEIA energy price forecast; 

a “conventional,” properly timed, utility system generation portfolio consisting 
of oil- and coal-fired power plants of the types chosen by the utilities in their 
Integrated Resource Plans (IRPs); 

all hown federal and state energy standards that would be implemented during 
the planning period; and 
the utility DSM portfolios from the utility Ws. 

Baseline 2020 was used as the base energy forecast in evaluating the results of instituting 
policy measures in three scenarios designed to attain state energy objectives. 

To provide a context for and a contrast to Baseline 2020 simulation, two other simulations 
were provided for comparison: the Baseline w/o DSM and the Frozen E#ciency 
simulations. The Baseline w/o DSM was just that -- the Baseline 2020 simulation 
without the DSM programs developed in the utility IRPs. This run provided an indication 
of the effects of the DSM programs on energy sales, prices, utility generation building, and 
greenhouse gas emissions. 

The Frozen Emiency simulation set efficiencies of energy systems at their 1994 levels 
and did not model expected technological improvements, efficiency standards, or price- 
induced efficiency changes. The Frozen Eficiency case was compared with the Baseline 
2020 and the Baseline w/o DSM assessments to provide an indication of the conservation 
and load management that could be expected to be undertaken by energy users in the 
absence of any additional industry or government actions and to determine the “naturally 
o~curring” conservation during the planning period and its effect on prices, capacity needs, 
and emissions. 

Finally, the three ENERGY 2020 cases -- Baseline 2020, Baseline w/o DSM, and Frozen. 
E#ciency -- were compared with each utility IRP. The utility cases were designated 
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Baseline Z R P .  It was difficult to make a direct comparison in many cases because 
ENERGY 2020 and the utility models based their forecasts on different assumptions. The 
energy forecasts are presented in more detail in Chapter 6 of the Hawaii Energy Strategy 
Report. 

3.4. REDUCING ENERGY DEMAND: WHAT COULD WORK TO 
IMPROVE HAWAII'S ENERGY FUTURE? 

The next step examined what Hawaii could do to improve its energy future. The Energy 
Division staff proposed 29 measures intended to reduce energy use for testing using the 
ENERGY 2020 model. As these measures were designed to reduce demand, they are 
described as demand-side management @SM) measures. While many may consider DSM 
as applying only to those measures subsidized by the utility electric and gas systems, the 
term is used here in the economic sense of managing, or reducing, demand in the overall 
Hawaii energy system. Hence, in the context of the ENERGY 2020 model runs and 
results, DSM includes utility and non-utility measures and efficiency measures which apply 
to the transportation sector. 

3.4.1. Standards and Proposed Utility DSM Programs 

The preliminary DSM evaluation discussed in this chapter used the Baseline 2020 forecast 
as a starting point. The utility DSM programs proposed by the Hawaiian Electric Industries 
@I) utilities (HECO, MECO, and HELCO) in their IRPs were included in Baseline 2020, 
which reflected the impact of those programs on electricity sales and peak demand. Kauai 
Electric's (KE) DSM plan, which was developed as a part of its IRP, was not available in 
time for inclusion in the model runs. As a result, KE's DSM plan was not included in the 
Baseline 2020 forecast. The KE DSM plan will be included in future runs of the model. 

3.4.2. Using ENERGY 2020 to Simulate Measures 

Figure 3-4 depicts how DSM measures are tested in ENERGY 2020. ENERGY 2020 
detailed both mandatory and voluntary efficiency measures. Mandatory measures included 
county building codes, federal appliance standards, and other government-required 
efficiency measures. Each of the four county models simulated the effect of DSM on 
electric utility sales, peak demand, capacity building, and prices. The gas sector portion of 
the model captured the effects of DSM on this industry, including price-induced fuel 
switching to or away from both SNG/propane utility gas and bottled gas. Ground 
transportation measures were also simulated by county. Economic effects were simulated 
by the REMI macroeconomic model. 

Since ENERGY 2020 altered the energy market shares according to relative prices, having 
endogenous, changing gas and electricity prices allowed both the income and substitution 
effects of the changing relative prices resulting from utility and other DSM measures to be 
captured through the feedback loops in the model. ENERGY 2020 provided considerable 
information on the secondary price and efficiency effects in a single market. It also 
provided the cross-over effects in other markets and the Hawaii economy as a whole. 
Thus, ENERGY 2020 tested whether DSM measures promoted the goals specified in its 
energy strategy on a statewide and county basis, across a l l  fuels. 
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Figure 3-4: Measure Testing in ENERGY 2020 

Measures Tested 

DSM measures tested included information programs and utility-sponsored rebates, 
government efficiency standards and mandates, and tax measures. Measures were custom- 
tailored for all of Hawaii's energy demand sectors and most of its supply sectors. Tables 
3-5 through 3-7 provide overviews of the measures. The measures are not listed in order 
of priority or cost-effectiveness. More detailed descriptions of each measure and the results 
of the effectiveness tests are in the HES Technical Report. 

Promote alternative fueled vehicles (alcohol, electric & LPG); Mandate and New vehicles and 
El 0 replaces gasoline; Alcohol fuel production Incentives vehicle retrofits 
Transportation infrastructure increases only half as fast as State subsidy New mass transit 
transportation demand: mass transit subsidized infrastructure 
No road expansion; mass transit subsidzed with highway State subsidy New mass transit 
funds infrastructure 
Vehicle efficiencies increase 10 percent above baseline due No direct cost to New vehicles 
to technological developments utility or state 
Reduce vehicle miles traveled (VMT) by 10 percent through Variable All vehicles 
conservation 

Table 3-5. Transportation DSM Measures Tested with ENERGY 2020 
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Replace existing lighting with halogen and compact 
Ilf lourescents 

' I 

50% Utility rebate U 50% U t i l i i  rebate New and replace- 

New and replace- 
ment fixtures 

Air condflioning controls 
Promote the  purchase of high efficiency air conditioners 

State mandate I New construction 

State mandate 
50% Utility rebate 

ment aooliances 

All systems 
New and replace- 

Establish high efficiency residential refrigerator standards 

Establish super high efficiency residential refrigerator 
standards 

State mandate 

State mandate 

50% Utility rebate 

Cost of removal 

New and replace- 
ment appliances 
New and replace- 
rnent appliances 
New and replace- 
ment appliances 
Old appliances still in 

IlPromote the purchase of high efficiency refrigerators 

IlRemoval of old, inefficient second" refrigerators 

Table 3-6. Residential DSM Measures Tested with ENERGY 2020 
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Table 3-7. Commercial and Industrial DSM Measures Tested with ENERGY 2020 

3.4.4. Development of DSM Programs 

After the preliminary screening, the various DSM measures were grouped into programs. 
Five DSM programs were developed to test different levels of DSM on utility peak 
demand, sales and costs, oil use, and greenhouse gas emissions. Effects on the economy 
were also evaluated. No DSM measure was Ejected in all scenarios, however some 
m e a s m  were be combined to be run in the same simulation. Again, the detailed results 
are too lengthy to be presented here, but the five programs for each county were then 
evaluated in the next phase of the ENERGY 2020 model run. Results are available in 
Chapter 7 of the Hawaii Energy Strategy Report and the Hawaii Energy Strategy Technical 
Report 

3.5. SCENARIO ASSESSMENT METHODOLOGY 

3.5.1. Introduction 

The ENERGY 2020 model was next used to analyze three scenarios which incorporated 
preferred resource options that will move Hawaii's energy system toward certain desired 
goals. The DBEDT Energy Division staff developed the three scenarios which embody the 
state's statutory energy policy objectives as outlined in Section 226-18(a), H R S ,  as 
amended by Act 96, Session Laws of Hawaii 1994. To review these energy policy 
objectives, initially presented in Chapter 1, they include: 

Dependable, eflcient, and economical state-wide energy systems capable of 
supporting the needs of the people; 
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Increased energy selfsufJiciency where the ratio of indigenous to imported 
energy use is increased,- and 

Greater energy security in the face of threats to Hawaii's energy supplies and 
systems. 

The energy policy objectives were the basis of these three scenarios: 

Cost-Effective Energy Diversification (CEED); 

Maximum DSM/Maximum Renewable Energy @SM/REi); and 

Energy Security (ES). 

3.5.2. Description of the Scenarios 

3.5.2.1. COST EFFECTIVE ENERGY DIVERSIFICATION 
SCENARIO (CEED) 

The Cost Effective Energy Diversification scenario provided for Hawaii's future energy 
needs while minimizing the total costs of energy use. The costs included both consumer 
and utility costs, and capital as well as fuel costs over the entire planning period. In this 
scenario, cost-effective DSM, other efficiency measures were used to reduce energy 
demand and renewable resources were used along with fossil fueled energy sources to meet 
remaining demand. 

3.5.2.2. MAXIMUM DSM/MAXIMUM RENEWABLE ENERGY 
SCENARIO (DSWRE) 

The Maximum DSM/Maximm Renewable Energy scenario used maximum DSM, 
efficiency measures, and renewable energy to reduce Hawaii's dependency on imported oil 
by reducing energy demand and substituting renewable energy to the extent possible. 
Renewable resources were preferred to fossil fuels regardless of dollar cost to ensure their 
selection to determine the effects. Transportation efficiency measures and policies 
encouraging use of AEVs and alternative fuels were also included. 

3.5.2.3. ENERGY SECURITY SCENARIO (ES) 

Under the Energy Security scenario, Hawaii's oil dependence was reduced using the 
maximum combination of DSM, efficiency measures, non-oil energy resources, and non- 
oil transportation policies. The outcome approached the technical potential for the 
reduction of oil use in Hawaii without early replacement of existing oil-fired generators. 
This scenario differed from DSM/RE by considering coal as an alternative to oil. As with 
DSM/RE, total dollar energy cost was not of primary importance, although negative effects 
on the total economy were a constraint. 

3.5.3. Scenario Analysis Methodology 

A set of supply options for each county was developed and a variety of energy supply 
selections were tested against Baseline 2020 to determine which supply selections would 
become part of the three scenarios. The supply portfolio evaluation resulted in a schedule 
for plant additions to meet the needs of each scenario. There are general differences 
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between all the portfolios designed for the scenarios and the Baseline 2020 scenario. All 
alternative porlfolios reduced construction of oil-fired generation -- some even precluded its 
use. The plant timings differed from the Baseline 2020 scenario since more DSM was 
implemented which delayed the need for construction of additional generation. In every 
case, if two or more renewable resources could perform equally well at a given point in 
time, the least expensive was chosen. Finally, those DSM program and energy supply 
selection combinations that worked best in each scenario were further tested against 
different futures using a variety of combinations of economic growth rates and fuel prices. 
Figure 3-5 diagrams the process. 

r - - - - - - - - - - -  

I b 
I 

BASELINE I 
2020 I 

Supply 
Portfolios 

I r - ----- - - - - -  
I I 

Energy Supply 
Selections 

Futures 

1 

Figure 3-5: Procedure for Selecting Preferred Plans 

3.6. ENERGY 2020 SCENARIO RUN RESULTS 

Chapter 8 of the Hawaii Energy Strategy Report provides detailed results of the three 
scenario runs compared to Baseline 2020. The DSM and supply portfolios selected by this 
process which achieved the objectives of the scenarios were presented in Chapter 2 of this 
document as findings of HES Project 7 and are the basis for many of the recommendations 
in Chapter 4. 
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CHAPTER 4: RECOMMENDATIONS 

4.1. INTRODUCTION 

4.1 .I. Chapter 4 Contents 

The fmdings of each of the HES projects were presented in Chapter 2. Chapter 4 
consolidates recommendations of the HES program. These recommendations include 
actions for the state government, as well as recommendations applying to most members of 
Hawaii’s energy community. 

4.1.2. A Note on Place Names 

The ENERGY 2020 model for Hawaii consists of four separate models for each of the 
state’s four counties based upon the electrical utility service areas. The counties and the 
islands included in the model are as follows: 

County Island(s) 

City and County of Honolulu oahu 

County of Hawaii Hawaii 

county of Kauai KaUai 

County of Maui Lanai, Maui, and Molokai 

For brevity, the City and County of Honolulu will sometimes be referred to as “H~noldu’~ 
or “Oahu’’ in the following discussion. Niihau is not included in the Kauai model as it is 
not part of the Kauai Electric service area and has extremely small energy use. 

4.2. HES PROGRAM RECOMMENDATIONS 

4.2.1. Hawaii Energy Strategy Program Objectives 

As outlined in Chapter 1, the HES program was designed to achieve the following 
objectives: 

0 Increase diversification of fuels and sources of supplies of these fuels; 
Increase energy efficiency and conservation; 
Develop and implement of regulated and non-regdated energy development 
(including transportation energy) strategies with the least possible overall 
cost to Hawaii’s society; 
Establish a comprehensive energy policy analysis, planning, and evaluation 
system; 
Increase use of indigenous, renewable energy resources; and 
Enhance contingency planning capability to effectively contend with energy 

0 

0 

0 

0 

0 

supply disruptions. 

Hawaii Energy Strategy Executiue Summary 4-1 



These goals were used as a framework to organize the recommendations of the program in 
the following sections. Since recommendations for the regulated utility sector and the non- 
utility gas sector are encompassed in other categories, the discussion of the third goal will 
focus only on the transportation energy sector and will be entitled “Transportation Energy 
Strategy”. 

4.2.2. Recommendations: Increase Diversification of Fuels 
and Sources of Supplies 

4.2.2.1. DIVERSIFY FUELS AND SOURCES OF SUPPLY 

With the recognition that oil is likely to remain Hawaii’s primary fuel for the foreseeable 
future, Hawaii must recognize that it faces potentially volatile oil prices and potential supply 
problems and continue to seek diversification of fuels and sources of supply. (Project 2) 

4.2.2.2. FOCUS DIVERSIFICATION ON POWER 
GENERATION AND GROUND TRANSPORTATION 
ENERGY 

Hawaii’s diversification plans should first focus on conversion of power generation and 
process heat to alternatives to oil and 10 percent alcohol/gasoline blending. Substituting oil 
demand much beyond a third of current use involves bolder and more speculative 
measures. (See Chapter 2, Section 2.2.4.4.) 

4.2.2.3.  PURSUE COAL AS AN OPTION FOR OAHU ENERGY 
DIVERSIFICATION 

Coal offers an opportunity for diversification of Hawaii’s energy supply. The long-tern 
price of coal is not expected to increase significantly, and coal is projected to remain the 
lowest fuel cost option for large power plants on Oahu. The higher relative costs of smaller 
coal plants sized for the neighbor island utility systems makes them less attractive options 
for now. (Project 2) 

4.2.2.4.  ENCOURAGE HAWAII’S REFINERIES TO UPGRADE 
CAPABILITIES 

Increased refinery flexibility would enhance refiners’ capability to respond to world oil 
market changes, and give much more latitude to state programs in alternative fuels. The 
upgrades would include additional upgrading facilities, including some expansion of crude 
distillation and catalytic reforming capacity, and substantial hydrocracking capacity 
expansion. (Project 2) 

4.2.2.5.  INCREASE USE OF RENEWABLE ENERGY 

Increase use of renewable energy to decrease Hawaii’s dependence on oil. (Project 2) 

Measures to increase renewable energy include improving power purchase contract terms 
for renewable energy, conducting additional renewable energy research and development, 
conducting additional renewable energy assessments, obtaining access to land for 
renewable energy projects, and developing viable renewable energy projects now. These 
recommendations are detailed in Section 4.2.6. (Project 3) 
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4.2.3. Recommendations: Increase Energy Efficiency and 
Con se rvat i on 

Additional solar water heating 

Addaional heat pump water 
heating 
Compact fluorescent light bulbs 

4.2.3.1. FOCUS FIRST ON COST-EFFECTIVE ENERGY 
EFFICIENCY AND CONSERVATION 

Efficient water heater tanks 

Heat pumps 

Removal of second residential 

Heat pump dryers with moisture 
sensors 
Water heater wraps and low flow 
shower heads 

Conservation and DSM measures could result in substantial energy savings and are likely 
to be the most cost-effective ways of lowering current levels of dependence. (Project 2) 

4.2.3.2. CONSIDER HES DSM MEASURES IN UTILITY 
INTEGRATED RESOURCE PLANS (IRPS) 

Mandate load control devices on 
all electric water heaters 

Utilities should be encouraged to evaluate the DSM measures found to be cost-effective by 
HES program models and which are listed below in Tables 4-1 and 4-2. All those which 
are cost-effective should be included in their IRPs. (Projects 4 and 7) 

Mandate 60 percent of all new residential construction have solar water 
heating. 

Mandate air conditioning load 
control devices 

II Additional solar water heaters I Hot water pipe insulation I Low flow showerheads 

Mandate load control devices on 
water heating sys tem industrial boilers 

Mandate use of biomass in 
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4.2.3.3. EVALUATE DSM MANDATES 

The state government should consider the proposed mandates in light of their capability to 
reduce energy demand. In some case, the actions could be encouraged as part of the Model 
Energy Code. (Projects 4 and 7) 

4 .2 .3 .4.  STATE AND UTILITIES SHOULD CONTINUE TO 
COOPERATE ON DSM DATA GATHERING 

The state and the utilities should cooperate further on data gathering in support of DSM 
measure and program design. (Project 4) 

4.2.4. Recommendations: Transportation Energy Strategy 

4.2.4.1.  ADOPT TRANSPORTATION ENERGY 
CONSERVATION MEASURES 

Energy conservation has a large potential to decrease the absolute amount of energy that 
would be required in comparison to a future without conservation measures. 
Recommended measures to encourage transportation energy conservation follow. 
(Project 5 )  

4.2.4.2.  IMPROVE FLEET EFFICIENCY 

Vehicle efficiency has a powerful effect on total ground sector energy demand. The 
technology for significant increases in fuel efficiency is available. Cars that average more 
than 50 miles per gallon are in showrooms today, and prototypes that can run 70-120 miles 
on a gallon of gasoline have already been developed. (Project 5)  

Adopt More Stringent CAFE Standards 

Hawaii could adopt fuel efficiency standards more stringent than the national Corporate 
Average Fuel Efficiency (CAFE) standards, reducing demand for transportation fuels of all 
types. Changes to federal law related to preemption of state standards may be necessary. 
Or, if the fuel efficiency standard exempted alternative fuel vehicles (AFVs)  or gave them 
"credit" for the percentage of non-petroleum fuels used, such a fuel efficiency standard 
could increase demand for alternative fuels while decreasing demand for petroleum fuels. 
(Project 5) 

Improve Efficiency of State Fleet 

The state government should set an example by improving the efficiency of its fleets. For 
example, a fleet rule could be established that would require the procurement of county and 
state vehicles that are 2.5 mpg more efficient than the current CAFE standard. While this 
would not save large amounts of energy, such a program would set an example, and 
introduce a larger number of people to higher efficiency vehicles. (Project 5)  

4.2.4.3.  ADOPT TRAVEL REDUCTION MEASURES 

The m e a s m  with the greatest potential to decrease VhrlT in Hawaii, and particularly in the 
City and County of Honolulu, were: transit programs; transportation management 
associations; actions by educational institutions; high-occupancy vehicle (HOV) facilities 
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and meaningful enforcement; automobile use limitations (such as road pricing); and land 
use planning. (Project 5) 

4.2.4.4.  INCREASE THE FOCUS ON ENERGY IN THE 
TRANSPORTATION PLANNING PROCESS 

Energy use currently receives very little emphasis in the state’s transportation planning 
process. There is statutory authority for energy concerns to play a much larger role. For 
example, the Intermodal Surface Transportation Efficiency Act has energy efficiency as a 
goal and the Clean Air Act Amendments of 1990 support energy efficient strategies. It 
would be helpful to update and maintain ground transportation sector energy demand 
projections to show the energy consequences of transportation policy decisions in the State 
Transportation Improyement Plan. (Project 5) 

4.2.4.5.  INCREASE THE FOCUS ON ENERGY IN THE LAND 
USE PLANNING PROCESS 

Similarly, land use planning at the state and local levels has not placed much emphasis on 
transportation energy use. Land use patterns can, over time, have a powerful effect on 
transportation energy use, and an increased emphasis on transportation energy use during 
the land use planning process (e.g., revisions to Development Plans) would help achieve 
state goals. (Project 5) 

4.2.4.6.  EXPAND USE OF ALTERNATIVE FUELS AND 
VEHICLES 

There are already several hundred A F V s  in use in Hawaii. Continued and expanded use of 
alternative fuels and vehicles is expected to occur in response to federal and state 
requirements, public support of “clean fuels,” and increasing availability of alternative fuel 
options on popular models of cars and truck,. The development of a local alternative fuels 
industry could provide local jobs. Alcohol fuel production from agricultural materials has 
the most significant level of employment potential, although costs and benefits must be 
evaluated on a site-specific basis. (Project 5) 

Actions for the Period 1995 - 2002 

Lowest-cost, Lowest-risk Measures. Three measures were recommended as the 
first steps in a near-term program. Off-peak charging of electric vehicles (Em is highly 
desirable from an electric utility load management point of view, since without some type 
of incentive and control over EV recharging times, utilities could experience increased loads 
at their peak load times. Adjustment of fuel taxes on the basis of energy content would 
remove a disincentive to alternative fuel use while maintaining funding levels for highways. 
Public education and outreach, essential for public acceptance and voluntary purchases of 
A F V s ,  is already occurring. These measures could be implemented immediately. 
(Project 5) 

AlcohoUGasoline Blends. Out of the 21 transportation measures evaluated and nine 
combinations of measures, an alcohol/gasoline blend program was the least costly means of 
encouraging the use of significant quantities of renewable, locally-produced alternative 
transportation fuels. Low-level alcohol blends (E10 -- 10% ethanol) are much closer to 
W i g  competitively-priced than the higher level alcohol (M85 -- 85% methanol and E85 - 
85% ethanol) fuels facilitating introduction of alternate fuels. (Project 5) 
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The objective of alcohol blending would be to have the alcohol (most likely ethanol) 
produced locally. Consideration should be given to replacing the existing excise tax 
exemption for ethanol blends by a producer incentive available only to in-state alternative 
fuel producers. The first alcohol production facilities would take at least three years to come 
on line, and a seven-year phase-in period would be required. (Project 5 )  

Actions for the Period 2003 - 2014 

A mid-term program would commence once the near-term program had reached its 
maximum effectiveness. By that time, if EPACT requirements, public outreach and fuel 
and vehicle availability have been consistent throughout the previous period, it is estimated 
that over 10,OOO AFVs may be in use in Hawaii. At that time it would be appropriate to re- 
evaluate the cost, availability, and desirability of the various alternative fuel vehicles and 
incentives. Both alternative fuels and alternative fuel vehicles are expected to be more cost- 
effective as well as widely available in popular models of cars, trucks, and heavy-duty 
vehicles. Hydrogen and fuel cell vehicles may have progressed to commercial availability. 
There may also be more information on possible use of alternative fuels in the air and 
marine sectors. 

Vehicle purchase incentives and fuel incentives may be appropriate, as may fleet incentives 
and mandates. Success in this phase will depend on a reassessment of the technologies to 
be encouraged. 

Abandonment of an alcohol vehicle program may be necessary at this point if 
manufacturers do not supply large numbers of diverse models of alcohol fueled vehicles. 
The manufacturers’ decisions are beyond Hawaii’s control. However, program risk to this 
point will have been small because the local alcohol production will still be small enough to 
be absorbed by the gasoline blend component of the strategy, and alcohol flexible-fueled 
vehicles (FFVs) could be operated on gasoline if high-level alcohol blends are uneconomic. 

An expanded alcohol program, however, may be desired. Success for an alcohol strategy 
would depend on a well-coordinated plan to get through the transition quickly, to minimize 
excess costs, and on the continued supply of alcohol vehicles. The program may need to 
focus on one alcohol to avoid duplication of fuel storage and distribution systems and 
simplify public education and support. If fuel costs are still higher than for gasoline and 
diesel, one method of reducing the price at the pump for high level blends (without 
interfering with low-level ethanol blends) would be to reduce or eliminate state and county 
highway taxes on alternative fuels. This could be a temporary reduction, to be phased back 
in before the number of alternative fuel vehicles getting a “free ride” on the highways 
became too burdensome. 

Electric vehicles may also be widely available (California’s requirement for 2003 is that 10 
percent of new light-duty vehicle sales are to be zero emission vehicles). Public interest 
and support of EVs may create support for infrastructure development (quick-charge and 
opportunity charging locations), including charging at public facilities (on-street parking, 
schools, scenic points) . (Project 5 )  

4.2.4.7. CONDUCT TRANSPORTATION ENERGY RESEARCH 
AND DEVELOPMENT PROGRAMS 

Research and development programs could play an important part in Hawaii’s achievement 
of its energy goals. The following research and development programs should be pursued 
as part of an integrated approach. 
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First Tier 

e 

e 

e 

Feasibility study on increasing instate vehicle fuel efficiency 
Further study of measures to decrease regional VMT 
Fleetrules 
Study of Hawaii-specific barriers to alternative fuels 
Continued support and expansion of demonstration programs 
Monitoring of demonstration programs on the mainland 
Maintaining dialogue with manufacturers on state interest in ethanol FFVs 
Updating and refining alternative fuel cost estimates 

Second Tier 
e 

e 

e 

0 

e 

Study of incentives for AFVs 
Monitoring manufacturer offerings and consumer acceptance 
Evaluation of biodiesel compatibility with existing infrastructure 
Study further state backing of industrial development bonds 
Monitor progress in reducing the technical barriers 
Monitor research using municipal solid waste and other wastes to make 
alcohol 
Evaluate primary and secondary economic impacts of a local fuels 
production industry 
Further evaluation of cost and logistics of transport of alternative fuels 
between islands and between terminal facilities 
Survey of Hawaii-specific vehicle purchase preferences 
Survey of fleets 
Fund other research as appropriate and feasible 

(Project 5) 

4.2.5. Recommendations: Establish a Comprehensive Energy 
Analysis, Planning, and Evaluation System 

4.2.5.1. IMPROVE STATE ENERGY ANALYSIS 

Improve Data Collection and Reporting 

To further the understanding of state govemment policy makers, the state should improve 
its data collection and reporting system to better track imports of crude oil and refined 
products, Hawaii refmery production, production of indigenous energy resources, and use 
of these energy resources. The completeness, accuracy, and resolution of the state’s data 
collection efforts should be improved. (Project 2) 
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Monitor Key Aspects of the World Oil Market 

The DBEDT Energy Division should monitor key aspects of the world oil market and 
Hawaii's relationship to that market to better understand and predict the effects of the 
market on Hawaii's economy. Concentration should be placed on the AsiaEacific oil 
market, oil production in Alaska, and other areas which become sources of crude oil for 
Hawaii's refmeries or of imports of refmed products. (Project 2) 

4.2.5.2.  IMPROVE ENERGY PLANNING AND POLICY 
DEVELOPMENT 

1. 

2. 

3. 

4. 

5. 

Formalize comprehensive, integrated energy planning as a statutory 
requirement by amending Chapter 196, HRS, and provide resources to 
continue this requirement triennially by 1997. Implementation of this 
recommendation is also supported by Act 96, SLH, 1994, an Energy and 
Environmental Summit initiative, which strengthened the energy section of 
the state planning chapter of the HRS (Chapter 226-18). (Project 7) 
Support Energy Division staff positions which are currently funded by 
federal funds with state funds by 1999. (Project 7) 
Working with public and private organizations of Hawaii's energy 
community, complete the assessment and assignment of externalities values 
of energy resources in Hawaii by 1997. This work supports the mandates 
of the PUC (IRP) and State Legislature (Act 96, SLH, 1994) regarding 
factoring external costs and benefits into energy planning in the utility and 
transportation energy sectors. (Project 7) 
Open a collaborative dialogue on the future of oil in the state's energy 
supply. As state policies on alternative fuels are shaped, there should be 
ongoing discussions with the industry about the timing and impacts of 
measures under consideration. The oil companies in Hawaii are quite likely 
to resist certain state initiatives to introduce alternative fuels. The dialog 
would identify solid technical arguments and could identify areas where 
support could be forthcoming. The triennial planning process which is 
recommended by the HES program could serve this function. (Project 2) 
Planning focus should be on improvements in energy conservation and 
efficiency of energy use, encouraging cost-effective fuel substitution, and 
developing alternative energy resources. (Project 2) 

4.2.5.3. IMPROVE ENERGY MODELING 

ENERGY 2020 Model 

The ENERGY 2020 model, the DBEDT DSM Assessment Model, and the Renewable 
Energy Resource Supply Curve model will continue to be valuable analysis tools. Uses 
include energy planning and policy development, supporting DBEDT participation in the 
IRP process, testing new business development opportunities, exploring the impacts of 
proposed energy incentives or disincentives, etc. The necessary resources should be 
devoted to maintenance and upkeep of the models. DBEDT Energy Division has been 
trained in the use of ENERGY 2020. The intention is for the staff to maintain, use, and 
develop the capabilities of these models. (Project 7) 
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Requirements for Interface with Economic Model 

This project demonstrated the need for a current official state forecast of macroeconomic 
variables; the last published state forecast was seven years old at the time of this report. 
Due to the absence of a current official forecast of macroeconomic variables, the REMI 
model was adopted and adapted for use by the Hawaii version of ENERGY 2020. The 
Research and Economic Analysis Division WAD) of DBEDT is currently updating the 
1988 forecast, and these results will be compared with REMI outputs. However, the state 
should have only one “official” forecast and al l  state agencies should use it. (Project 1) 

The REMI model directly interacts with ENERGY 2020. It remains to be decided whether 
an interface between READ’S model and ENERGY 2020 will be developed, or whether 
REMI will continue to be used for energy forecasting. Either option will require additional 
resources. The results from READ’S forecast could be used in ENERGY 2020. However, 
without the interface between the economic forecast and ENERGY 2020, the feedback 
effects would be lost. (Projects land 7) 

Improve Capability to Evaluate Economic and Employment Effects of 
Energy Policies 

The capability to evaluate economic and employment effects of energy policies should be 
enhanced in support of decision making. (Project 7) 

4.2.5.4. IMPROVE DSM MODELING AND PROGRAMS 

The work to identify the size of Hawaii’s DSM resource and i d e n w  the DSM measures 
with the most potential was based on the foundation of explicitly estimating the impacts of 
DSM measures on representative Hawaii buildings using Hawaii specific weather files. 
This methodology was based on the best information available. The state’s DSM modeling 
capability should be improved to support evaluation of utility DSM programs. (Projects 4 
and 7) 

Data Needs 

The best available data were used in the development of the Hawaii version of ENERGY 
2020 and the DBEDT DSM Assessment ModeL However, additional data should be 
obtained to further refine and calibrate these models. Current plans include a commercial 
sector data collection effort for use in the ENERGY 2020 and the DBEDT DSM 
Assessment Models. HECO, MECO, and HELCO recently completed a mail and on-site 
survey of end-uses. It is envisioned that the DBEDT Energy Division will supplement their 
work. (Project 1) 

Program Evaluation 

DSM programs should undergo future modifications as program experience is gained. The 
actual program experiences may necessitate changes to key assumptions. DSM program 
evaluation should determine the actual effects of DSM measures, the stability of those 
effects, and should be used to update the DBEDT DSM database. (Project 4) 
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4.2.6. Recommendations: Increase Use of Indigenous, 
Renewable Energy Resources 

4.2.6.1.  IMPROVE POWER PURCHASE CONTRACT TERMS 
FOR RENEWABLE ENERGY 

Economic conditions unrelated to the pace of technology development will also be a major 
factor in determining the magnitude of renewable energy integration in Hawaii Avoided 
cost payment levels or power purchase contract terms will play a large role in determining 
the renewable energy projects that can be developed. In addition to encouraging utilities to 
construct contracts with favorable terms for renewables, the state must also allow the costs 
associated with these contracts to be included in the utility rate bases. Factors that have 
been shown to be favorable to renewables include consideration of capacity value, 
externalities benefits, and time-of-day pricing. Contract structures that assist in obtaining 
financing at favorable rates (such as front-loaded contracts and long-term contracts with 
specified payment schedules) will also promote renewable energy development and 
integration. (Project 3) 

4.2.6.2.  CONDUCT ADDITIONAL RENEWABLE ENERGY 
RESEARCH AND DEVELOPMENT 

Encourage and support research and analysis that promote the commercial application of 
renewable energy in Hawaii. Studies identifying the amount of intermittent resources 
which can be used on isolated grids should be a top priority since there are technical limits 
which restrict deployment of renewable energy resources. These analyses should be 
conducted in partnership with the utilities. (Project 3) 

Economical energy storage options would also address the penetration limits issue. The 
costs and operation of promising energy storage technologies should be evaluated using the 
same methodology as the Resource Supply Curve Computer Model. (Project 3) 

The Hawaii Integrated Energy Policy project called for the development of a renewable 
energy research, development., demonstration, and commercialization strategy to overcome 
remaining technical hurdles to renewable energy use in 1991. This action remains to be 
accomplished. (Project 7) 

4.2.6.3.  CONDUCT ADDITIONAL RENEWABLE ENERGY 
ASSESSMENTS 

For the projects that appear to be viable, detailed feasibility studies can be evaluated to 
further refjne their costs and performance. This could include additional long-term 
renewable energy resource modeling. These activities may be carried out by the developer, 
utility, and/or government agencies interested in the project development. (Project 3) 

4.2.6.4.  OBTAIN ACCESS TO LAND FOR RENEWABLE 
ENERGY PROJECTS 

One of the largest factors in eliminating renewable energy projects from consideration in the 
resource assessment phase of Project 3 was the availability of land without conflicting or 
potentially competing land uses. Only on the island of Hawaii and on the lightly populated 
islands of Lanai and Molokai were competing uses rarely an issue. Access to lands for any 
type of project requires a complex permitting process. (Project 3) 
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Renewable energy projects should be encouraged by active efforts to provide necessary 
access to land by state and county governments. These could range from creating pre- 
permitted renewable energy enterprise zones to favorable leases of state or county lands to 
outright land grants to renewable developers. These options should be explored further 
and action taken to assist in gaining needed access in a timely manner. (Project 7) 

4.2.6.5. DEVELOP COST-EFFECTIVE RENEWABLE ENERGY 
PROJECTS NOW 

The total generating capacity of the utility grid and projected demand growth on each island 
provides the greatest limitation to renewable energy project implementation in the next ten 
years. There are simply no major new requirements for additional electricity generation. It 
is important however, to consider the long term value of renewable projects in near term 
energy supply decisions because of the long life of fossil energy generation resources 
which may be put in place. (Project 3) 

Biomass 

Biomass electric and biomass fuels are both promising technologies for Hawaii and their 
development and implementation should be pursued. In addition to offering the only firm 
renewable energy option that is commercially viable, biomass plantations allow the state to 
preserve a portion of its land in agricultural crops which provides valuable benefits to the 
state's residents and visitors (e.g., a visually-pleasing green belt). Although biomass fuels 
were not the primary focus of this study, results indicate that the costs are in the general 
range of expected market prices for fuel alternatives. Biomass fuels offer the additional 
benefit of being transportable and more easily stored. (Project 3) 

Geothermal 

Geothermal energy conversion from high temperature water (>150 degrees Celsius) 
resources is a mature technology that has been commercially deployed since the 1960s. 
While research and development efforts are underway for advanced technology applications 
such as energy conversion from magma, these advances are not expected to be 
commercially viable by 2005 and were not considered in this study. 

The Kilauea east rift zone is a hown high temperam hydrothermal resource area. The 
potential exists for development in addition to the current 25 MW h n a  Geothemal Venture 
operation. Analysis was performed on potential additions of 25 M W  and 50 M W  to 
provide power for the Big Island. Due to potential public opposition, it is expected that 
geothermal development in the area would require a lengthy permitting process. Therefore, 
the projects are presented as future technology able to be installed by 2005. 

Hydroelectric 

Hydroelectric projects are commercially viable in Hawaii today; however, a limited number 
of developable sites exist. Hydroelectric development is subject to significant public 
opposition. The projects identified in this study should be pursued to the extent in which 
they are viewed as acceptable to the public. (Project 3) 

Ocean Thermal Energy Conversion (OTEC) 

OTEC may offer a significant contribution to.Hawaii's generation mix in the long-term, but 
it is not expected to be competitive with other energy options for at least the next ten years. 
When two OTEC projects were evaluated in Project 3, neither was shown to be cost 
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effective. In Project 7, to simulate lower costs resulting from future development, an 
OTEC project with much lower cost figures provided by a developer planning an OTEC 
facility in India were used in the ENERGY 2020 model scenario runs. They resulted in 
selection of a 100 MW OTEC plant for Oahu late in the planning period under all three 
scenarios. OTEC offers an excellent supply option if costs can be reduced to the modeled 
levels. The technical maturity of OTEC development and costs of commercialization 
should be monitored. (Projects 3 and 7) 

Solar 

A number of solar technology projects are close to being cost-effective under nominal 
conditions. Both solar thermal dish projects and photovoltaic tracking projects are close 
enough to being viable to warrant serious consideration. Capacity credit, time-of-day 
pricing, or tax credit changes could make these projects viable generation options in the 
next ten years even under nominal or conservative conditions. Hawaii could assist in the 
development of these technologies by participating in demonstration projects or research, 
demonstration, and commercialization activities. (Project 3) 

Hybrid solar systems that use gas, biomass, or other fuels in conjunction with solar 
thermal heat are receiving considerable attention and may hold promise for Hawaii 
applications. These hybrid systems can operate as firm generating resources. At a 
minimum, the technology improvements should be tracked and incorporated into planning 
processes. Solar thermal troughs do not appear to be viable options for development in 
Hawaii unless significant cost reductions are achieved. (Project 3) 

Wind 

A number of viable wind projects already exist. In Hawaii and Maui counties, more 
electricity could be generated by proposed wind projects than the utility can accept. On 
Oahu, large-scale projects have been identified but additional wind projects are less likely 
because of land use constraints. As a result, additional resource assessment activities 
should be geared towards micrositing for the specific projects already identified or 
establishing long-term reference stations to support project development and operation. 
Because such limited wind resource data exist on Kauai, additional data collection to 
identify sites may be valuable. At a minimum, resource monitoring should continue at the 
promising sites. (Project 3) 

Cost and performance improvements are not necessary to make wind projects viable under 
even the most conservative assumptions. As a.result, wind energy project integration will 
likely benefit more from policy initiatives such as facilitating permitting requirements and/or 
establishing power purchase contracts which can be financed than they will Erom research. 
(Project 3) 

4.2.6.6. CONSIDER RENEWABLE ENERGY 
IMPLEMENTATION PLAN 

The Project 3 report presented a renewable energy implementation plan for each of 
Hawaii's four major islands. They were based upon the 2005 resource supply curves and 
consideration of constraints such as projected load growth on each island, a 20 percent 
assumed maximum penetration limit, and the nominal relative cost of energy. Prioritized 
projects are summarized in the following tables for each island. In all cases, the integration 
plans include intennittent projects totaling less than 20 percent of the annual peak load. 
Even with this limitation, it appears feasible to meet all new generating requirements with 
renewable energy additions. This is an objective the state government should pursue. The 
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following tables (Tables 4-3 to 4-6) provide the recommended renewable energy 
implementation plans. 

2005 Peak Load 223.0 MW 
Estimated Energy Demand Increase 459.601.0 MWh 

Table 4-3. Renewable Energy Integration Plan, Hawaii County 

Table 4-4. Renewable Energy Integration Plan, Maui County 

Estimated Energy Demand increase 1.600.887.0 MWh II 

58 II 
II Y" ..... 

Kaena Point 15 31.5! 
Kahuku 80 151 ,! 

Lualualei 50 1 - ... . 

Wind 
Wind 
Photovoltaic (trackin 
Sofar Thermal (dish) rean Harbor 
Photovoltaic (tracking) 
Biomass fsuaarcane\ Wainlira 

558 
20,031 

, North Ewa Plain 50 120,031 
'53,300 

50 84,942 

'8- 
1 . ~ .  ..-.-...- , I1 ... ~ 

1 224.37 I Makapuu 60 

I Northeast Coast 60 205.5 
60 21 1.1 97 II Kahuku Point 

ave 835 II -- 
500 I 1,609,130 Total Renewable Energy I 

Table 4-5. Renewable Energy Integration Plan, City and County of Honolulu 
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12005 Peak Load 84.6 MW 
Estimated Energy Demand Increase 169,605.0 MWh 

Wind North Hanapepe 10 22,602 
Hydroelectric Wailua River 6.6 16,435 
Wind Port Allen 5 9,321 
Biomass (tree and Kaurnakani 25 153,300 
organic waste) 
Solar Thermal (dish) Barking Sands 10 17,218 

Total Renewable Energy 56 .6  21 8 ,876  

Renewable Energy Integration Plan, Kauai County Table 4-6. 

4.2.7. Recommendations: Enhance Energy Emergency 
Contingency Planning 

Project 6, the Energy Vulnerability Hazard Mitigation Study examined thirty-three 
proposals pertaining to Hawaii’s energy systems and lifeline services. They were 
evaluated as to cost-effectiveness and functional effectiveness of the option. 

4.2.7.1. RECOMMENDATIONS FOR THE ELECTRICITY 
INDUSTRY 

Industry Lead 
1. 

2. 
3. 

Use ocean water for power plant cooling water to eliminate 
vulnerable cooling towers; 
Close radial transmission h e  loops on Oahu and Kauai; 
Consider alternatives to wood poles for new transmission lines on 
Kauai, sections of Oahu, and the island of Hawaii, 

4. 

5 .  

6. 

7. 

8. 

Existing power lines serving critical lifeline facilities should be 
upgraded as necessary to withstand ANSI-7 wind loading; 
Wood poles should be inspected at least every five years, replaced 
or repaired as necessary to ANSYASCE 7 wind loading standards; 
Shared use of distribution poles by communications utilities can 
reduce the reliability of electric distribution qircuits. Separate poles 
should be considered for electricity distribution and communication 
lines; 
All electric utilities in Hawaii should have current and complete 
emergency operating plans which should be exercised both 
internally and in conjunction with the state government and other 
lifeline entities; 
Hazard mitigation measures to harden electric utility operations 
should be adopted, including anchor transmission and distribution 
transformers and harden batteries; provide flexible equipment 
connections; and maintain and harden spare equipment storage; and 
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9. Conduct wind speed studies to determine wind loading requirements 
for Hawaii’s electrical facilities. 

State Lead 
1. 

2. 
3. 

Increase fuel storage recoverable under the utility rate base from 30 
to 35 days; 
Improve business climate for electric utilities in Hawaii; and 
General Order No. 6, (G06) rules for overhead electric line 
construction should be upgraded to ANSI-7 minimum wind loading. 

INDUSTRY 
4.2.7.2. RECOMMENDATIONS FOR THE PETROLEUM 

Industry Lead 
1. 
2. 
3. 
4. 

5.  

Survey electric generator backup requirements; 
Use water fill as protection of petroleum storage tanks; 
Replace central cooling towers at refmeries; 
Promote offshore tanker mooring compatibility/interconnection 
between refmeries; and 
Keep petroleum terminals open 24 hours per day following a major 
emergency. 

State Lead 
1. 
2. 
3. 
4. 

Improve Neighbor Island emergency communications capability; 
Promote use of harbor on west coast of the island of Hawaii, 
Promote industry mutual assistance pacts; and 
Consider separate Federal Emergency Management Agency - 
Regional Interagency Steering Committee subregion for Hawaii. 

RECOMMENDATIONS FOR THE GAS INDUSTRY 4.2.7.3.  

Industry Lead 
1. 
2. 

3. 

Increase protection of LPG barges used in interisland service; 
Install automatic shutoff valves on mainline gas pipelines in urban 
areas exposed to earthquake risk; and 
Provide maps showing locations of key shutoff valves for 
underground .gas utility systems to fire department officials. 

State Lead 
1. Require installation of shutoff devices on al l  LPG tanks in 

inundation areas. 
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4.2.8. 

4.2.7.4. RECOMMENDATIONS FOR LIFELINE SERVICES 

State Lead 
1. 

2. Set emergency generator standards: 

Arrange for priority restoration of commercial electric power to all 
lifeline entities during supply disruptions; 

0 Start at least twice per month and run under full load for a 

A minimum of five days supply of fuel for emergency 

Emergency generators should be sized to carry either all 

minimum of four hours during each test period; 

generators should be on-hand at all times; and 

critical loads or the full facility load; 

0 

0 

3. Information regarding critical locations not having backup 
emergency generators should be provided to Hawaii State Civil 
Defense authorities; and 

4. Promote seven day minimum vehicle fuel supply for emergency 
vehicles as a guideline. 

4.2.7.5 GENERAL RECOMMENDATIONS FOR PROTECTION 
OF FACILITIES IN COASTAL INUNDATION ZONES 

1. 

2. 

Floodplain management and regulation, including zoning to 
discourage construction within floodplain. 
Improved flood warning and temporary evacuation, including use of 
weather radios which automatically sound an alarm when a warning 
signal is transmitted. 

3. Permanent evacuation and relocation of facilities from flood plains is 
clearly the most effective measure, but would be extremely costly in 
many cases. 
Flood proofing which raises facilities above flood levels during 
construction. 
Use of bulkheads, seawalls, and revetments. 

4. 

5. 

Hawaii Energy Strategy Results Applied 

The HES program produced valuable information for use by the DBEDT Energy Division 
staff prior to program completion. Work on the project and the reports prepared greatly 
increased staff expertise related to energy planning. 

In mid-1995, HECO indicated that it planned to use the DBEDT DSM Model developed 
under Project 4 to select and evaluate DSM programs. 

The work done on alternate fuels in Project 5 attracted Tenn-Ark and other potential 
developers to consider alternate fuel production facilities on the Big Island. 

The credibility of DBEDT's efforts in the utility IRP process was increased. 

Project 3 results were used in the Renewable Energy Docket. 
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4.2.9 

e 

e 

e 

Project 7 study of externalities and ENERGY 2020 results on greenhouse gases 
were made available to the HECO Externalities Advisory Group. 

The ENERGY 2020 forecast was used to test utility forecast in the HECO 
Forecasting Advisory Group. 

The understanding of fossil energy in Hawaii gained from Project 2, the Project 
3 Renewable Energy Report, and scenario runs on the ENERGY 2020 model 
was used by DBEDT participants in the HECO Supply-side Advisory Group. 

Finally, the results of the DBEDT DSM Model were compared with utility plans 
in the HECO DSM Advisory Group. 

Additionat Recommended Actions 

The E-IES program provided a wealth of energy data and information, a set of 
recommendations on how to improve Hawaii’s energy system, and a set of tools to 
continue to evaluate options for future actions. This capability should be used for the 
following: 

e 

e 

e 

e 

e 

Develop a new State Energy Plan and update triennially 

Continue to participate in the utilities’ IRP processes 

Propose legislation to implement HES recommendations under state control 

Explore incentives to encourage private business to carry out HES 
recommendations 

Develop public information programs to encourage adoption of HES 
recommendations 

Market the results of the Renewable Energy Project to encourage renewable 
energy developers to bring projects to Hawaii 

Market the results of the Transportation Energy Strategy to alternative fuel 
producers to encourage construction of alternative fuel production in Hawaii 

Determine how the HES methodology and planning techniques could be 
“exported‘’ to industrializing AsiaPaMic region countries for infrastructure 
assessment and energy planning and policy development, 
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Appendix 1 

Glossary 

A E S  Applied Energy Services, Inc. Owner of the 180 MW coal plant at Barbers Point, Oahu. 

AFBC 

AJ?v 

Atmospheric Fluidized-Bed Combustion, a type of coal plant. 

Alternative Fuel Vehicle - a vehicle which runs on a fuel other than gasoline or diesel. 
Fuels include methanol, ethanol, biodiesel, electricity, hydrogen, natural gas, synthetic 
natural gas, and liquefied petroleum gas. 

alternate energy Energy sources which reduce dependence on imported petroleum. Hawaii’s alternate 
energy supplies include coal, landfill gas, geothermal. hydropower, municipal solid 
waste, solar, and wind energy. 

alternative fuel vehicle (AFV) A vehicle which runs on a fuel other than gasoline or diesel. Fuels 
include methanol, ethanol, biodiesel, electricity, hydrogen, ~tural  gas, synthetic natural 
gas, and liquefied petroleum gas. 

alternative fuels Fuels that displace gasoline or diesel. They include methanol, ethanol, biodiesel, 

ANS 

ANSI-7 

ANsuAscE7 

ASHRAE 

barrel 

Baseline 2020 

Baseline IRP: 

electricity, hy-hgei  natutal gas, SynthetC~tUral gas, and liquefied petroleum gas. 

Alaska North Slope -the current oil-producing a m  of Alaska. 

American National Standards Institute wind loading standard 

AmericanNational Standards Institute/American Society of Civil Engineers wind loading 
standard 

American Society of Heating, Refrigeration, and Air Conditioning Engineers 

a volumetric unit of measure for crude oil and petroleum products equivalent to 42 U.S. 

The base case in the HES ENERGY 2020 model. It uses the generation retirements 
projected in the utility IRPs, the same types of generation units projected, utility DSM 
programs, and all expected government regulations and efficiency standards. 

The utility case in the HES ENERGY 2020 model which uses the actual utility IRP. 

gallons. 

Baseline w/o DSM A case in the HES ENERGY 2020 model which provides a context and contrast 
to Baseline 2020 simulation. This simplation is the Baseline 2020 simulation without 
DSM progmms developed in the utility IRPs. It provided an indication of the effects of 
the DSM programs on energy sales, prices, utility generation building, and greenhouse 
gas emissions. 

baseload capacity The generating equipment llonnaUy operated to serve loads on an around-the- 
clock basis. 

baseload plant A electric power plant which is n o d y  operated to take all or part of the minimum 
load of a system, and which consequently produces electricity at an essentially constant 
rate aMz runs continuously. These units are operated to maximke system mechanical and 
thermal efficiency and minimize system operating costs. 

barrel - a volumetric unit of measure for crude oil and petroleum products equivalent to 
42 U.S. gallons. 

bbl 
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BCI 

b/d 

BEA 

BHP 

biomass fuels 

BLS 

boiler 

BtU 

capability 

capacity 

CCAP 

CCTs 

CEED 

coz 
Coal 

COSt 

Bakarat & Chamberlain, Inc. - the consultant for Project 1 and the first phase of Project 
4. Watt - The electrical unit of power. The rate of energy transfer equivalent to 1 ampere 
flowing under a pressure of 1 volt at unity power factor. 

barrels per day 

Bureau of Economic Analysis 

Broken Hill Proprietary, Co. - the Australh parent company of BHP Hawaii and BHP 
Gas Company. 

Wood, agricultural wastes such as bagasse, garbage or municipal solid waste, and alcohol 
fuels are primary examples. Biomass energy sources are essentially unprocessed; they are 
burned as received to produce themal energy. Examples are wood, bagasse, and garbage. 
Biofuels result from the processing of biomass energy sources. In general, biofuels have 
a greater energy density and are more easily transported and used. Examples are: wood 
chips, pellets, briquettes, alcohol fuels, and refbederived fuel. 

Bureau of Labor Statistics 

A device for generating steam for power, processing, or heating purposes or for producing 
hot water for heating purposes or hot water supply. Heat from an external combustion 
source is transmitted to a fluid contained witbin the tubes in the boiler shell. This fluid 
is delivered to an end-use at a desired pressure, tempemhue, and quality. 

British Thermal Unit - a standard unit for measuring the quantity of heat energy equal to 
the quaufity of heat required to raise the temperam of one pound of water by one degree 
Fahrenheit 

The maximum load that a generating unit, generating station, or other electrical apparatus 
can cany under specified conditions for a given period of time without exceeding 
approved limits of temperature and stress. 

The full-load conhrmous rating of a generator, prime mover, or other electric equipment 
under specified conditions as designated by the manufactum. 

Climate Change Action Plan - an international effort to reduced the emissions of 
greenhouse gases believed to cause global warming. 

Clean Coal Technologies 

Cost-Effective Energy Diversification Scenario. One of three scenarios representing state 
energy policy assessed in the ENERGY 2020 model. CEED provided for Hawaii's 
future needs while minimi7ing the total costs of energy use. 

Chemical formula for c h o n  dioxide, a greenhouse gas. 

A black or brownish-black solid combustiile substance formed by the partial 
decomposition of vegetable matter without access to air. The rank of coal, which 
includes anthacite, bituminous coal, subbituminous coal, and lignite, is based on fixed 
carbon, volatile matter, and heating value. 

The amount paid to acquire resources, such as plant and equipment, fuel, or labor 
Services. 
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Cost Effective Energy Diversification (CEED) Scenario 

crude oil 

One of three scenarios repn=senting state 
energy policy assessed in the ENERGY 2020 model. CEED provided for Hawaii’s 
future needs while minimizing the total costs of energy use. 
A mixture of hydroc&ons that existed in liquid phase in underground reservoirs and that 
remains liquid at atmospheric pressure after passing through surface separating facilities. 

CWMS Coal-Water klixtms 

DBEDT 

defacto population 

demand (electricity) 

State of Hawaii Department of Business, Economic Development and Tourism 

Sum of resident population and visitor census, less residents living elsewhere. 

The rate at which electric energy is deliveEd to or by a system, part of a 
system, or piece of equipment, at a given instant or averaged over any designated period 
of time. 

demand-side management (DSM) Any utility activity aimed at modifying the customer’s use of 
energy to produce desired changes in energy demand 

DLNR 

DOE 

DOETRAN 

DOE/ELA 

DSM 

DSM/RE 

DTCC 

E10 

E85 

EEP 

EIA 

electric utility 

State of Hawaii Department of Land and Natural Resources 

United States Department of Energy 

A demand-side management @SM) database manager developed in HES Project 4 to 
m e r  data between the DOE-2.1E model and the DBEDT DSM Assessment Model. 

Department of EnergyEnergy Information Adminkam ‘on 

demand-side management 

MaximumDSM/Maxlm um Renewable Energy Scenario. One of three scenarios 
representing state energy policy assessed in the ENERGY 2020 model. Uses maxhum 
DSM, efficiency measures, and renewable energy to reduce Hawaii’s dependency on 
imported oil by reducing energy demand and sub&uting renewable enefgy to the extent 
possible. 

Dual-Train Combined Cycle. An oil-fired power plant consisting of two gas hut>ines 
each driving a generator which are comcted to a steam recovery unit which drives a third 
generator. 

Fuel Blend of 10% Ethanol and 90% Gasoline 

Fuel Blend of 85% Ethanol and 15% Gasoline 

Energy Emergency preparedness 

U.S. Dep-ent of Energy’s Energy Information Administration 

An enterprise engaged in the generation, transmission, or dhibution of electric energy 
primarily for use by the public and that is the major power supplier within a designated 
servicearea 

electricity generation The process of producing electric energy or transforming other forms of energy 
into electric energy. Also the amount of electric energy produced or expressed in 
watthours (wh). 
The capacity for doing work as measured by the capability of doing work (potential 
energy) or the cornersion of this capability to motion (kinetic energy). Energy has 

energy 
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several forms, some of which are easily convertiile and can be changed to another form 
useful for work Most of the world's convertible energy comes from fossil fuels that are 
burned to produce heat that is then used as a transfer medium to mechanical or other 
means in order to accomplish tasks. Electrical energy is usually measured in kilowatt- 
hours, while heat energy is usually measured in British thermal units. 

Energy and Environmental Summit, 1993/1994 A conference with preceding committee work 
which attempted to identify and build broad-based support and consensus on legislative 
initiatives to move Hawaii forward in the mas of the energy and the environment. 

effectively manage energy emergencies and threats to its energy security. 

leadership of Hawaii's energy community, which advises the Director of DBEDT in his 
role as Energy Resources Coordinator, on energy policy. The EPAC served as the 
steering committee of the Hawaii Integrated Energy Policy Program. 

One of three scenarios representing state energy policy assessed in the 
ENERGY 2020 model. Uses the maximum combination of DSM, efficiency measures, 
non-oil energy resources, and non-oil transportation policies to obtain the technical 
potential for the reduction of oil use in Hawaii. 

Energy Emergency Preparedness (EEP) Program A program which prepares Hawaii to be prepared to 

Energy Policy Advisory Committee (EPAC) A committee, comprised of the executive 

Energy Security (ES) Scenario 

energy source The primary source that provides the power .that is converted to electricity through 
chemical, mechanical, or other means. Energy sources include coal, petroleum and 
petroleum products, gas, water, uranium, wind, sunlight, geothermal, and other sources. 

energy supply Consists of domestic and foreign sources of crude oil, refineries, coal, renewable energy 
supplies, and alternate energy supplies. 

ENERGY 2020 A multi-sector energy analysis computer model for energy forecasting and policy 
assessment. ENERGY 2020 simulates the major departments of regulated electric and 
gas utilities, other supply sources, and the major components of energy demand, 
including transportation demand, in a single comprehensive framework connected by 
several important feedback responses. 

EPAC Energy Policy Advisory Committee 

EPACT National Energy Policy Act of 1992 

ERC Energy Resources Coordinator 

ES Energy Security Scenario. One of three scenarios representing state energy policy assessed 
in the ENERGY 2020 modeL Uses the maximum combinarion of DSM, efficiency 
measures, non-oil energy resources, and non-oil transportation policies to obtain the 
technical potential for the reduction of oil use in Hawaii 

EUI Energy Use Intensity 

EV Electric Vehicle 

EWC Fast-West Center 

Fahrenheit A temperature scale on which the boiling point of water is at 212 degrees above zero on 
Ihe scale and the freezing point is at 32 degrees above zero at standad atmospheric 
preSsUre. 

FEMA Federal Emergency Management Agency 
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FERC 

FHA 

FOBT 

Federal Energy Regulatory Commission - The federal agency with jurisdiction over 
interstate electricity sales, wholesale electric rates, byydroelectric licensing, natural gas 
pricing, oil pipeline rates, and gas pipeline certification FERC is an independent 
regulatory agency within the Department of Energy. 

Federal Housing Administration 

Free On Board and Trimmed 

fossil fuel 

fossil-fuel Plant A power plant using coal, petroleum, or gas as its some of,energy. 

Any naturally occuning organic fuel, such as petroleum, coal, and natural gas. 

Frozen Efficiency One of the cases in the ENERGY 2020 energy forecast which provided a context 
and contrast to BaseZine 2020 simulation The case set efficiencies of energy systems at 
their 1994 levels and did not model expected technological improvements, efficiency 
standards, or price-induced efficiency changes. This provided an indication of the 
consemation and load management that could be expected in the absence of any 
additional industry or government actions. 

fuel 

gasohol 

GEG 

Arry substance that can be burned to produce heat; also, materials that can be fissioned in 
a chain reaction to produce heat. 

A gaseous fuel burned under boilers and by internal combustion engines for electric 
generation These include natural, manufactured, and waste gas. 

A blend of finished motor gasoline and alcohol (generally ethanol, but sometimes 
methanol) limited to ten percent by volume of alcohol. 

Gasoline Equivalent Gallons 

generation (electricity) The process of producing electric energy by transorming other forms of energy; 
also, the amount of electric energy produced, expressed in Watthours (Wh). 

generator 

generator capacity 

A machine that converts mechanicaj energy into electrical energy. 

power production equipment under specific conditions as designated by the manufacturer. 
The full-load continuous rating of a generator, prime mover, or other electric 

geothermal plant A plant in which the prime mover is a steam turbine driven either by steam 
produced from hot water or by natural steam tbat derives its energy from heat found in 
rocks or fluids at various depths beneath the d a c e  of the earth. The energy is extracted 
by drilling and/or pumping. 

Gigawatt (GW) - One billion watts. 

Gigawatthour (GWh) - One billion Watthorn. 

gross generation The total amount of electric energy produced by a generating facility, as measured at the 
generator terminals. 

Gross Regional Product An economic measure of the value of all the goods and services produced in a 
region in a year. 

Gross State Product An economic measure of the value of all the goods and services produced in a 
state in a year. 
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GRP 

GSP 

GW 

GWh 

Gross Regional Product or the economic measure of the value of all the goods and 
services produced in a region 

Gross State Product or the economic measure of the value of all the goods and services 
produced in a state. 

Gigawatt - one billion Watts. 

Gigawatt Hour - one billion Watthows. 

H-POWER Honolulu Project of Waste Energy Recovery - a waste-toenergy power plant producing 
46 M W  of electricity for sale to HECO at Barbers Point, Oahu- 

Hawaii Integrated Energy Policy Program (HEP) A program in which a representative task force of 
Hawaii’s “energy community” worked to create a more effective energy policy 
development and planning process in 1990 and 1991. The HEP program developed a set 
of recommendations which served as a basis for much of the work of the Hawaii Energy 
Strategy program. 

Hawaii Energy Strategy Program @ES) A comprehensive Seven project energy vulnerability 
assessment of Hawaii. It examines Hawaii’s energy situation and includes 
recommendation for comes of action. 

HECO 

HE1 

HELCO 

HEP 

ElES 

Hawaiian Electric Company, Inc. - the electric utility serving Oahu 

Hawaiian Electric Industries, Inc. - the holding company which owns HECO, HELLO, 
and MECO. 

Hawaiian Electric Light Company, Inc. - the electric utility serving the Island of Hawaii. 

Hawaii Integmted Energy Policy Development Program 

Hawaii Energy Strategy Program 

HiOiUHiGrowth A scenario combining a high oil price forecast with a high economic growth 
forecast used in sensitivity analysis of the policy runs in ENERGY 2020. 

HiOillLoGrowth A scenario combining a high oil price forecast with a low economic growth 
forecast used in sensitivity analysis of the policy runs in ENERGY 2020. 

HNEI Hawaii Natural Energy Institute 

horsepower A unit for measuring the rate of work (or power) equivalent to 33,000 foot-pounds per 
minute or 746 watts. 

HOV 

HRS 

HSFO 

HTDC 

High Occupancy Vehicle 

Hawaii Revised Statutes 

High-Sulfur Fuel Oil. Has a sulfur content greater than 5%. 

High Technology Development Corporation 

hydroelectric plant A plant in which the turbine generators are driven by falling water. 

IG Integration Group - a stafflevel working group of the Energy Policy Advisory 
Committee. Performed the major work in HEP and performed technical review in the 
HEs Program. 
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independent power producer (IPP) 
contract to the utilities. 

A cogenerator which produces and sells firm power d e r  

internal combustion power plant A plant in which the prime mover is an internal combustion 
engine. An internal combustion engine has one or more cylinders in which the process 
of combustion takes place, converting energy released from the rapid b e g  of a fuel-air 
mixture into mechanical energy. Diesel or gas-m engines are the principal types used 
in electric plants. The plant is usually operated during periods of high demand for 
electricity or as a baseload unit on very small island systems such as on Molokai and 
Lanai. A cogenerator which produces and sells firm power under contract to the utilities. 

Integrated Resource Planning @I?) An approach to regulated utility planning to meet consumer 
energy needs in an efficient and reliable manner at the lowest reasonable cost by 
evaluating a l l  potential energy options as well as the social, environmental and economic 
costs of these options. A cogenemtor which produces and sells firm power under contract 
to the utilities. 

Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) Established a requirement 
for statewide transportation plauning processes that include economic, energy, 
environmental, and social effects of transportation decisions. 

JPP 

IRP 

ISTEA 

KE 

Ktherms 

kW 

kWh 

LNG 

Mependent Power Producer - A cogenerator which produces and sells iirm power under 
contract to the utilities. 

IntegratedResourcePlanning 

Intermodal Surface TransportationEfficiency Act 

Kauai Electric Division of Citizens Utilities - the electric utility serving Kauai. A 
cogenerator which produces and sells firm power under contract to the utilities. 

kilotherms - one thousand therms 

kilowatts -'one thousand Watts 

kilowatt hours - one thousand Watt hours 

Liquefied Natural Gas (34). 

LoOiUHiGrowth A scenario combining a low oil price forecast with a high economic growth 
forecast used in sensitivity analysis of the policy n m  in ENERGY 2020. 

LoOil/LoGrowth A scenario combining a low oil price forecast with a low economic growth 
forecast used in sensitivity analysis of the policy runs in ENERGY 2020. 

LPG 

LSFO 

m5 

Liquefied Petroleum Gas ( p r o p )  

Low-Sulfur Fuel Oil 

A fuel blend of 85% methanol and 15% gasoline. 

Maximum DSMlMaxlm urn Renewable Energy @SM/RE) Scenario one of three scenarios 
representing state energy policy assessed in the ENERGY 2020 model. Uses maximum 
DSM, efficiency measures, and renewable energy to reduce Hawaii's dependency on 
imported oil by reducing energy demand and substituting renewable energy to the extent 
possible. 
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mb/d 

MECO 

thousand barrels per day 

Maui Electric Company, Inc. - the electric utility serving the islands of Maui, Molokai, 
and Lanai (Maui County). 

Model Energy Code Design requirements for minimally efficient energy use in new and renovated 
buildings. The Code is meant to reduce energy use and costs. It was developed by the 
DBEDT Energy Division for adoption by Hawaii’s four counties. 

MSW 

Mw 

m 

Municipal Solid Waste - refuse burned as a fuel for electricity generation. and to reduce 
land fiU volume. 

megawatt - a million Watts 

Megawatt Hour - a million Watthours 

NEOS, hc. The consultant for the second phase of HES Project 4. 

NUG Non-Utility Generator 

National E n e w  Policy Act of 1992 @PACT) Signed by President Bush on October 24, 1992, 
PACT includes provisions related to state and county energy management, including 
model energy code, home energy efficiency ratings and energy efficient mortgages, 
efficient government buildings, integrated resource planning, tax provisions, renewable 
energy, alternative fueled vehicles, and climate change action plan 

natural gas 

net generation 

non-utility gas 

OPEC 

OTEC 

PADD 

PADD-v 

PBQD 

peak demand 

A naturally occuning mixture of hydrocarbon and nonhydmcarbon gases found in porous 
geological formations beneath the earth‘s surface, often in association with petroleum. 
The principal constituent is methane. 

Gross generation minus plant use from all electric utility owned plants. The energy 
required for pumping at a pumped-storage plant is regarded as plant use and must be 
deducted from the gross generation 

Propane or propane-based LPG distributed by delivery trucks to the consumer’s tank or 
the consumer brings his or her tank to a refueling station. Not regulated by the PUC. 

Organization of Petroleum Exporting Countries 

OceanTheimal Energy Conversion 

Petroleum Administration for Defense District 

Petroleum Administra tion for Defense District V 

Pmons Brinckerhoff Quade and Douglas - the consultant for HES 
Project 5. 

The maximum load during a specified period of time. 

P-g capacity Capacity of generating equipment n o d y  reserved for operation during the 
hours of highest M y ,  weekly, or seasonal loads. Some generating equipment may be 
operated at c e m  times as peaking capacity and at other times to serve loads on an 
around-theclock basis. 

percent difference The relative change in a quanlity over a specified time period. It is calculated 
as follows: the current value has the previous value subtracted from it; this new number 
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petroleum 

is divided by the absolute value of the previous value; then this new number is 
multiplied by 100. 

A mixture of hydrocarbons existing in the liquid state found in natural underground 
reservoirs, often associated with gas. Petroleum includes asphalt, fuel oil No. 2, No. 4, 
No. 5, No. 6; topped crude; kerosene; jet fuel; and other products. 

Petroleum Administration for Defense Districts (PADD) Geographic aggregations of the 50 states and 
the District of Columbia into five districts by the Petroleum Administra tion for Defense 
in 1950. These districts were originally defined during W.W.II for purposes of 
administering oil allocation. 

PGV 

PICHTR 

power 

price 

PUC 

Puna Geothermal Venture - operator of the geothermal power plant on the Island of 
Hawaii. 

Pacific International Center for High Technology Research 

The rate at which energy is transferred. Electrical energy is usually measured in watts. 
Also used for a measurement of capacity. 

The amount of money or consideration-in-kind for which a service is bought, sold, or 
offered for sale. 

Public Utilities Commission 

pumped-storage hydroelectric plant A plant that usuaUy generates electric energy during peak-load 
periods by using water previously pumped into an elevated storage reservoir during off- 
peak periods when excess generating capacity is avaitable to do so. When additional 
generating capacity is needed, the water can be released fiomthe reservoir ;through a 
conduit to turbine generators located in a power plant at a lower level. 

PV 

PV4U 

Photovoltaic 

Photovoltaic for Utilities 

qualifying facility (QF) A cogenentor or small power producer that meets certain ownership, operating 
and efficiency criteria established by the Federal Energy Regulatory Commission (FER0 
pursuant to the PURPA, and has filed with the FERC for QF status or has self-certified. 

RD&C Research, Development & Commerciahtion 

Regional Economic Models, Inc. (REMl) A macroeconomic model which simulates 
competition between a local seMce area and the urest-of-the-wodd" for markets, business, 
and population. The model is composed of five sectors or "linkages": output, demand, 
supply, market share and wage. 

REMI Regional Economic Models, Inc. - producer of the economic forecast used in the 
ENERGY 2020 model 

resource supply curve A computer model which provides the means to compare different 
gene- options with each other, given similar economic assumptions and evaluation 
methodologies. 

reserve margin (operating) the amount of unused available capability of an electric power system 
at peak load for a utility system as a percentage of total capability. 

RLA R. Lynette & Associates - the consultant for HES Project 3. 
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RSC Resource Supply C w e  

sales, electricity The amount of kilowatt-hours sold in a given period of time; usually grouped by classes 
of service, such as residential, commercial, indwtrial, and other. Other sales include 
public street and highway lighting, other sales to public authorities and railways, and 
interdepartmental sales. 

scenario, robust Plan containing policies that perform well when simulated in many possible 
futures. 

sector, commexial Includes a variety of business facilities such as hotels, resorts, large and small 
offices, restaurants, hospitals, warehouses, schools and others. 

sector, energy A system of classifying energy use divided into residential, commercial, industrial, and 
transportation sectors. These sectors are also grouped into regulated and non-regulated 
energy sectors. 

sector, industrial Includes oil refining, agriculture and imgation pumping, food processing and 
miscellaneous. 

sector, non-regulated energy This sector includes transportation energy, non-utility gas and energy 
used for process or power generation which is not sold to the utility system but is used 
by the generator or sold directly to a non-utility user. Energy prices in this sector are set 
by the market. 

sector, regulated energy Hawaii's electric utilities and gas utility which are regulated by the 
Public Utilities Commission. 

sector, residential Includes all household energy use in single- and multi-family homes. 

sector, transportation Includes air, marine and ground transpoxtation 

short ton 

SLH 

SNG 

s SI 

A unit of weight equal to 2,000 pounds. 

Session Laws of Hawaii 

Synthetic Natural Gas 

Systematic Solutions, Inc. - the consultant for the ENERGY 2020 model for Projects 1 
and 7. 

steam-electric plant (conventional) A power plant in which the prime mover is a steam turbine 
driven by steam produced in a boiler where fuels are burned. 

sulfur One of the elements present in varying quantities in fossil fuels which contn'butes to 
environmental degradation when fossil fuels are burned. 

system (electric) Physically connected generation, tranSmiSsion, and disjjtriution facilities operated as an 
integated unit under one central management, or operating supervision. 

transmission system (electricity) 
associated equipment for moving or transferring electric energy in bulk between points of 
supply and points at which it is transformed for deliver over the distribution system lines 
to consumers, or is delivered to other electric systems. 

An interconnected group of electric transmission lines and 

TBtu Tera Btu - trillon Btu (10'') 
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turbine 

UEC 

m 

A machine for generating rotary mechanical power from the energy of a stream of fluid 
(such as water, steam, or hot gas). Tu~bines convert the kinetic energy of fluids to 
mechanical energy through the principles of impulse and reaction, or a mixture of the 
two. 

Unit Energy Consumption 

University of Hawaii 

USDOE 

USDOE/EIA 

United States Department of Energy 

United States Department of EnergyEnergy Information Administration 

Watt The electrical unit of power. The late of energy transfer equivalent to 1 ampere flowing 
under a pressure of 1 volt at unity power factor. 

Watthour (Wh) An electrical energy unit of measure equal to 1 watt of power supplied to, or 
taken from, an electric steadily for 1 hour. 

wheeling 

ZEV 

The movement of electricity from one system to another over transrms sioxi facilities of 
intervening system. Wheeling seMce contr;cts canbe established between tow or moE 
systems. 

Zero Emission Vehicle 
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Appendix 2 

Oil Price Spike Analysis 

1. INTRODUCTION 

Since 1973, three major oil supply disruptions have sent economic shocks throughout the 
world economy. Each disruption sharply increased oil prices affecting not only oil 
consumption patterns but increasing consumer prices and reducing the gross domestic 
product of many countries: Hawaii, with its extreme dependence on oil is particularly 
susceptible to the adverse effects of oil supply disruptions. Accordingly, an analysis of the 
impact of a major oil disruption on Hawaii’s economy was considered a high priority. 

DBEDT was also concerned about the perceived need for the analysis, as well as the 
credibility of references used to construct the scenario itself. Based on staff research, it 
was determined that a simulated regional conflict in the Middle East would the most 
plausible source of a major disruption of the world oil market. This conclusion was based 
on the fact that the U.S. Defense Department in its October 1993 Report of the Bottom-Up 
Review found that the most probable near-term threat to U.S. interests would likely 
originate from a regional conflict in the Middle East. 

With respect to need, a federal inter-agency study, released on February 16,1995, led by 
the Department of Commerce, and involving the Departments of Defense, Energy, State, 
Interior, Treasury, Labor, the Council of Economic Advisors, and the U.S. Trade 
Representative, found that “Cp]etroleum imports threaten to impair U.S. security.” The 
Resident concurred with the report’s findings, stating “ m h e  nation’s growing reliance on 
imports of crude oil and refined petroleum products threaten the nation’s security because 
they increase U.S. vulnerability to oil supply intemptions.” Furthermore, such experts as 
the Pulitzer Prize winning author of the dehitive history of oil, The Prize, Daniel Yergin 
of Cambridge Energy Associates, and the US. Energy Information Administration @IA) 
predict significantly increased vulnerabiliw of oil-based economies as world-wide 
petroleum production capacity tightens relative to expanding demand. 

2. ASSUMPTIONS 

Our imaginary scenario begins in late 1995. An “alliance” is forged between Iraq and Iran 
against Israel and the region’s OPEC. The alliance was initiated by Iraq out of its 
continuing economic frustration from being kept from selling its oil on the world oil market 
due to the United Nations’ sanctions in place since 1991. Iran was motivated by the 1995 
U.S. trade boycott of Iran which was instituted due to Iran’s continuing support of 
terrorism. Iraq and Iran have termed their alliance the “Shining Scimitar.” 

Iraq and Iran began with attempts to coerce the region’s other OPEC nations to cut oil 
production and to mise prices so more Iraqi and Iranian oil could be sold at higher prices. 
The other OPEC nations resisted the pressure, Iraq and Iran became frustrated and 
launched a large-scale, coordinated military attack against the region’s OPEC oil producers 
and against Israel. The attack included Saudi Arabia., the largest oil producing country in 
the world. 

U.S. and Allied intervention was initiated to neutralize the aggression, but such a large- 
scale military action is estimated to take as long as twelve to eighteen months to resolve. 
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So, for the purposes of the scenario,' the war lasted one year with relatively minor residual 
price effects persisting for another twelve months. The hostilities and attendant virtual 
shutdown of the Persian Gulf resulted in a total crude oil shortfall of about 8 million 
barreldday from the world market. At the outset of the crisis, oil prices on the world 
market climbed to $50-$60 per barrel. Over the twelve-month imaginary crisis, the average 
price of oil was approximately $45 per barrel. These price levels were reached despite the 
use of the U.S. Government Strategic Petroleum Reserve (SPR) at the maximum possible 
drawdown rate of 3.5 million barreldday for the first quarter, 1.1 million barreldday for 
the second quarter and -05 million barreldday for the last two quarters of the crisis. 
(Without this drawdown, prices would have risen to $54lbarrel, according to EIA.) 
Finally, some minor residual price effects (an approximately 14% increase over the forecast 
price of oil in 1997) were assumed to linger for the fust twelve months following the 
cessation of major hostilities as production, storage, and transportation facilities destroyed 
or damaged during the war were replaced or repaired. 

The monetary and nonmonetary effects of such a disruption on Hawaii were determined by 
the simulation and are the focus of this section. Meaningful planning necessitates an 
understanding of the potential damage of remaining with the status quo. The simulation 
analyzed here provided an indication of the short and long run costs to Hawaii of its oil- 
dependency in the event of oil supply and price disruptions. 

3. MODELING THE OIL PRICE SPIKE 

To simulate a sharp increase in the price of oil, the crude oil price in ENERGY 2020 was 
increased from $19.42 to $45.00 per barrel in 1996 and from $19.74 to $22.50 in 1997. 
These 1997 residual price effects ($22.50 - $19.74 = $2.76/bbl) are assumed to be 
plausible in the aftermath of a major regional conflict. The oil price was dropped back to 
the baseline level of $20.06 in 1998. The results of this simulation were compared to 
Baseline 2020 and the resulting output is summarized in the section below. 

4. EFFECTS OF THE OIL PRICE SPIKE 

The effect on GRP and employment of a severe, but not protracted, oil price spike was 
relatively small over the 20-year planning horizon, but it produced considerable short-term 
economic pain and some permanent economic loss. 

As shown in Table A2-1, an approximately two percent drop in employment occurred in all 
counties immediately after the spike but the effects were fairly short lived and the state 
economy returned to nearly normal within two years, establishing a new employment 
trajectory about 0.2% below the baseline. Over the twenty year period, there was a loss of 
58,805 job years. 

1 Scenario information on volume of oil disrupted, SPR use, and attendant price spike 
(average $45/barrel) was from the U.S. Energy Information Administration (EIA), 
International Energy Outlook 1994, in an analysis of various types of potential oil 
supply disruptions. The only departure from EIA's scenario was that instead of the 
disruption lasting for 9 months (EM), it was extended for an additional quarter since the 
ENERGY 2020 computer model was better equipped to model effects over a period of 1 
year or more. EIA's 9-month disruption scenario estimated reduction of the U.S. Gross 
Domestic Product by $65 billion. 
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Hawaii 
C& C Honolulu 
Kauai 

Maui 

Statewide Total . 

-1,159 -859 -5,432 

-1 2,130 -7,520 -48.038 

-692 428 -970 

-1,391 -920 -4,365 

-1 5,372 -9.727 -58.805 

Table A2-2. Effects on Gross Regional Product 

Hawaii 

C& C Honolulu 
Kauai 
Maui 
Statewide Total 

The decline in personal income was a little steeper than the decline in GRP as the values in 
Table A2-3 are’greater than Table A2-1. Personal income also recovered quickly, 
however, to within 0.5% of the baseline forecast. Although these declines may seem 
small, they represented approximately $3.79 B in lost income over the planning period. 
The pattern persisted, with small variations, on all the islands. 

-64.1 -26.7 -348.5 

-200.7 -2,395.6 

-37.9 -12.7 -25.8 

-80.5 -30.9 -252.0 

-791.8 -271 .O -3,021.9 

-609.3 

Hawaii -1 04.7 -35.1 -441.8 

C& C Honolulu -899.2 -249.3 -2.977.9 

Kauai -62.8 -13.0 -61.8 

Maui -1 21.3 -36.7 -312.5 

Statewide Total -1.1 88.0 -334.1 -3.794.0 

Table A2-3. Effects on Personal Income 
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From Tables A2-1 through A2-3, it is apparent that Kauai was the only county to 
completely recover economically from the oil spike. Although a total loss in personal 
income of $60 million resulted, all of it occurred within a six year period after the spike and 
the majority of the loss ($53 million) was during the first year. 

Hawaii 

C& C Honolulu 
Kauai 

Prices for electricity, gas, and transportation fuel all increased quickly with the oil spike 
and just as quickly declined as the spike disappeared. With gas and transportation fuel, 
p r i m  returned to nearly the baseline levels. Electricity prices generally remained higher 
throughout the planning period, an indication that demand was reduced enough to cause a 
significant increase in fixed costs per kWh over the planning period. The results of the 
scenario run are presented in Tables A24 through A2-6. 

4.8 1.8 0.5 

3.1 1 0.3 

5.5 2.2 0.5 

Hawaii 

C& C Honolulu 
Kauai 
Maui 

Table A 2 4  Effects on Electricity Prices 

4.38 2.71 0.33 

5.80 0.86 0.31 

4.09 2.78 0.37 

4.25 2.73 0.35 

Hawaii 

C& C Honolulu 

Kauai 

Maui 

0.895 0.1 7% 0.052 

0.897 0.1 71 0.053 

0.864 0.1 83 0.053 

0.886 0.1 86 0.053 

Changes in energy consumption were as pronounced and persistent as changes in GlU? and 
employment. The change in energy using behavior was the result of two factors, a income 
effect and a substitution effect. These effects played out in the economy through two 
mechanisms: a short-term behavior change and long run capital and fuel substitutions. 

- 

Hawaii Energy Strategy Executiue Summary Appendix 2-4 



When the oil spike occurs, energy users effectively experienced a reduction in income. The 
same amount of money bought less energy; to buy the same amount required more money, 
leaving less money for other things. This was felt by the consumer as a reduction in 
income. Consumer’s demand for energy in the short run was fairly inelastic because the 
principal mechanism for bringing the energy budget back into line was to simply cut back 
on energy use. Lifestyle changes, often uncomfortable, occurred. In the longer run, the 
demand for energy was more elastic as consumers purchased more energy efficient 
equipment or retooled to permit fuel switching. Over time, energy use can decline while 
maintaining the customer’s standard of living. 

The scenario runs produced forecasts for primary energy consumption, electricity sales, 
peak demand, gas sales, and residential highway fuel use. Tables for these results will not 
be reproduced here, but the results will be summarized. 

Initially there was a significant drop in all oil-derived energy use as prices rose. However, 
as prices fell, consumers want to return to their previous comfort levels and energy use 
began to rise. Use did not resume previous levels, however, because during the spike 
period some customers made lasting changes. Fuel switching and energy efficient 
appliances were purchased more enthusiastically when oil prices were high and the memory 
of those prices lingered. The effect of these changes was reflected in lower forecasts for 
primary energy consumption, electric sales and peak demand, gas sales and residential 
highway fuel use in the spike scenario. 

Although both electric sales and peak demand declined from baseline levels, the decline 
was not sufficient to cause significant changes in utility generation building patterns 
although in some counties a plant could be delayed a year. This delay was not sufficient to 
counterbalance the increase in electricity price due to the increase in oil prices. Greenhouse 
gas emissions were reduced as the demand for oil and use of oil was reduced. Had the oil 
price increase persisted, and had different plant types been selected, emissions could have 
increased if coal was substituted for oil, for example. 

5. RECOMMENDATIONS 

The potential consequences of an oil price spike lend further support to recommendations 
of the HES program to diversify Hawaii’s energy supplies, to reduce energy requirements 
through demand-si& management and energy efficiency measures, to increase the use of 
renewable energy, and to use alternate transportation fuels. In addition, to supplement 
these structural measures, Hawaii must have improved access to the United States Strategic 
Petroleum Reserve. 

This involves seeking U.S. Department of Energy support for Hawaii’s Congressional 
Delegation in seeking direct, noncompetitive access to strategic petroleum reserve (SPR) 
crude oil during periods of petroleum emergencies. This access should take the form of 
Hawaii’s oil suppliers paying for emergency SPR oil at the average successful bidding 
price paid by mainland oil buyers. In the event the purchased SPR oil is to be physically 
transported to Hawaii, as opposed to being exchanged with another oil supplier by the 
Hawaii buyer, Hawaii-bound tankers should be given priority access to SPR loading 
facilities. This recommendation is consistent with the Emergency Petroleum Supply Act 
introduced to Congress by Senator Akaka in 1994. 
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Appendix 3 

Hawaii Energy Strategy Workshop Participants 

The following individuals conalbuted to the Hawaii Energy Strategy program by attending the Workshops 
and participating in workshop discussions or by registering to receive information on the program and 
providing their input by responding to a mailed questionnaire. The number(s) in parentheses following each 
name indicates the Workshop(s) in which the person participated. 

Mr. Robert Abuel(1) 
Hawaiian Electric Company 

Mr. Sotero Agoo, Jr. (2) 
Kona Farmers Cooperative 

Mr. Jamil Ahmadia (2) 
Waiakea Intermediate School 

Mr. Jeffrey Aki (1) 

Ms. Valentine Ako (2) 

Mr. Nick AUday (3) 
UH Mechanical Engineering 

Department 

Honorable Eddie Alonzo (1) 
Hawaii County Council 

Mr. Jeff Amlin (3) 
Systematic Solutions, Inc. 

Ms. Diane Amuro (3) 

Mr. George Ananian (2) 
Anco united, Inc. 

Honorable Eve Anderson (3) 
State House of Representatives 

Mr. Ronald W. Anderson (1) 
Hawaiian Dredging and Const. 

Mr. George T. Aoki (2) 
The Gas Company 

Honorable James Arakaki (1) 
Hawaii County Council 

Honorable Alan M. Arakawa (3) 
Maui County Council 

Dr. David Atkin (1,2,3) 
Parsons Brinckerhoff Quade & 

Douglas 

Mr. John Atkinson (29) 
World Energy Resources Corp. 

Mr. Don Avery (1) 
University of Hawaii 
Mechanical Engineering Dept. 

Mr. Keith Avery (3) 
Zond Pacific 

Honorable Duke Bainum (2) 
House of Representatives 

Mr. SeanBakey (1) 
S ylvania 

Mr.BillBanasky (2) 
Hawaiian Electric Company 

DanoBanks (2) 
Educator & Entrepreneur 

Mr. Roy C. Barker (3) 
Stebbins International Ltd. 

Mr. Patrick-Basilio (3) 
UH Mechanical Engineering 

Department 

Mr. Roger Bason (2) 
Institute for a Sustainable 

Future 

Mr. Chris Bautista (2) 
Bank of Hawaii 

Mr. Charles Beer 
American Society of Civil 

Engineers 

Mr. Joe BertramIII (2) 
Bikeways Maui 

Ms. Diane P. Bevilaqua (3) 
Hawaiian Commercial & Sugar 

Company 

Dr. Cary Bloyd (2.3) 
Argonne Natural Laboratory 
PICEITR 

Mr. Ken Boche (1) 
Sustainable Community 

Development Fund 

Ms. Marion Bockus (1) 
League of Women Voters 

Mr. Warren Bollmeier (29) 
PICHTR 

Mr. Robert Boom (1,2,3) 
Mason Research Foundation 

Ms. Gayle Borchard, AKP (2) 
Dames & Moore 

Mr. Steve Bowles (2) 
Island Resources, Ltd. 

Ms. Gloria Boylan (1) 
Kaleiopuu Elementary School 

Mr. Jay Braitsch (2) 
US Department of Energy 

Mr. Tom Brandt (1,2) 
State of Hawaii, DBEDT-Business 

Support Division 

Mr. Ron Bregman (1,2) 
Hawaii Natural Energy Inst. 

Mr. Rod K. Brewer (2) 
Skylights of Hawaii, Inc. 

Ms. Lesley Brey (3) 
BHP Hawaii, Inc. 

Ms. Amanda Briscoe (3) 
The Queen's Medical Center 

Mr. Raddie A. Bristol (3) 
UH Mechanical Engineering 

Department 

Mr. Edward W. Broadbent (1,2,3) 
Consultant 

Mr. Gerald Brooks (3) 

Mr. Dan Brown (3) 
Hawaiian Electric Company, Inc. 

Mr. Gordon Brown (2) 

Ms. Janice Brown (2) 
Ashford & Wriston 

h4r. Mike Brown (2) 
Guam Energy Office 

Mr. S. H. Browne (1) 
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Mr. Boris Bubnic (2) 
BHP Hawaii 

Mr. William Buevens (1) 
Edward K. Noda & Associates 

Mr. Jack P. Burian (3) 
State of Hawaii 
Department of Education 

Mr. Brian Burnett (2) 
State of Hawaii 
Office of State Planning 

Mr. Steve Burns (1,3) 
Hawaii Electric Light Company 

Ms. Marion Buscher (1) 
St. Joseph Elementary School 

Mr. T (Mike) Caci (2) 
Chevron U.S.A. Products, Inc. 

Mr. Clyde F. Calhoun (1,2) 
Oahu Transit Services 

Mr. Gus Callbeck (2) 
Manoa Gardens Elderly Housing 

Mr. Darren Carpenter (3) 
US. Army Corps of Engineers 

Mr. Raymond Carr (2,3) 
County of Hawaii 

Mr. John Case  (1) 
Kalapana Community 

Organization 

Mr. William B. Case (2) 
Energy Associates Hawaii 

Mr. James Cassulo (1) 
BHP Hawaii, Inc. 

Ms. Carol Catanzariti (1) 
SUB, City and County of 

Honolulu Council 

Mr. Frank Catanzaro (1) 
Present Futures Consultants 

Ms. Susan Cate (1) 
University of Hawaii Hilo 
Natural Science Dept 

Mr. Andrew L T. Chang (2) 
Hawaiian Electric Industries 

Beei-Huan Chao (2) 
University of Hawaii 

Mr. C. Wm. Chikasasuye (1) 
United Cane Planters Coop. 

Mr. Clarence Chong (2) 
Chevron U.S.A. Products, Inc. 

Mr. Rick Chong (1,2) 
Albert Chong Assoc., Inc. 

Mr. Walbert Chong (3) 
ECM, Inc. 

Mr. Rolf Christ (2,3) 
HSEAfR&R Services 

Ms. Irene Chu (2) 
BHP Gas Company 

Honorable Suzanne Chun (2) 
House of Representatives 

Ms. Laura Chun-CNz (2) 
Kuakini Medical Center 

Capt A. A. Clark III (2) 
Sause Brothers, Inc. 

Mr. Edward Clark (2) 
Architectural Drafting & Design 

Mr. Thomas A. Clark (1,3) 
BHP Hawaii, Inc. 

MI. Arthur Clarke (1) 

Mr. Josheph Clarhon (3) 
P1cHl.x 

Mr. Ted Gamble Clause (2) 
State of Hawaii 
Dept. of the Attorney General 

Mr. Bill Cook (1) 
Hawaii Island Government 

Alliance 

Mr. Mac Cooper (2) 
Na'alehu Main Street - Discovery 
Harbor Community Association 

Mr. Thomas Cooper (1) 
AES Barbers Point., Inc. 

Mr. Thomas Crabb (1) 
BioEnergy Development Corp. 

Mr. Noms Creveston (2,3) 
Hawaiian Electric Company 

Mr. Michael J. Cruickshank (3) 
University of Hawaii 
s o m m  

Mr. John J. Crouch (2) 
Energy Resource Systems 

Mr. Gary Dalton (2) 

Mr. Robert Dame (2) 

Dr. Tom Daniel (2) 
NELHA 

Dr. h d e r s  Daniels (1,2) 
University of Hawaii 
Meteorology Dept. 

Mr. Ronald L. Davies (3) 

c 

H-POWCZ 

Ms. Bethany Davis (2) 

Ms. Virginia L. Decastro (1) 
Mokapu Elementary 

Mr. Greg Decherong (3) 
Republic of Palau 
Energy Office 

Ms. Laurel Dekker (1) 
Hawaii Diversified Technology 

Mr. Bernard DesChatelets (2) 

Mr. H. J. Dick (2) 

Mr. Ralph Dobson (2) 
Hawaiian Electric Company 

Mr. Gary h i  (1) 
Servco Pacific, h c .  

Mr. Benjamin Dorado (1) 
Duradyne, Inc. 

Dr. James P. Dorian (3) 
East-West Center 

Mr. Kevin Doyle (3) 
Hawaiian Electric Company, Inc. 

Mr. Nick Dudley 11) 
Hawaiian Sugar Planters' 

Association 

Ms. Karen T. Duncan (2) 
Kealakehe Elementary School 

Mr. Earl Dunn, Jr. (2) 
Citizens for Responsible Energy 

Development 

Mr. Richard A. Dye (2) 
US. Department of Energy 

Hawaii Energy Strategy Executiue Summary Appendix 3-2 



Ms. Lynne Ebisui (1) 
Hawaiian Electric Company 

Ms. Sallie Edmunds (1) 
State of Hawaii 
Office of State Planning 

Mr. James Edwards (2) 
Navy Public Works Center 

Ms. Jackie Mahi Erickson (2) 
Hawaiian Electric Company 

Mr. Robert J. Estro. Jr. (3) 
AES Barbers Point 

Mr. Joe Eto (2) 
Lawrence Berkeley Lab 

Mr. John Fackrell (1) 
Matson Terminals, Inc. 

Ms. Christie Ferreira (2) 
State of Hawaii 
Dept. of Budget & Finance 

Mr. Duane Fisher (1) 
Carlsmith Ball Wichman Case & 

Ichiki 

Dr. Peter Flachsbart (1,3) 
University of Hawaii 

Professor Yu-Si Fok (2,3) 
University of Hawaii 
Civil Engineering Department 

Mr. Reginald Foo (1) 
Hawaiian Electric Company 

Mr. Sam Ford (1,2) 
GASCO IRF’ Advisory Group 

Ms. Robin Foster (2) 
City and County of Honolulu 
Planning Department 

Ms. Nancy Fowler (1.3) 
Consultant 

Mr. David Frankel (2) 
Sierra Club 

Mr. James Carl Freedman (1) 
Haiku Design 

Mr. Peter Freeman (1) 
The Gas Company 

Mr. Tom French (2) 

Mr. Rex Y. Fujichaku (2) 
Hawaii Natural Energy Institute 

Mr. Robert Fujikawa (3) 
UH Mechanical Engineering 

Department 

Mr. Dexter Fuxuhashi (2) 
Hawaiian Bitumuls & Paving 

Mr. Gilbert Gacula (3) 
UH Mechanical Engineering 

Department 

Mr. Jim Garber (2) 
Inter-Island Solar Supply 

Mr. Gregg Gardener (2) 
Kauai Ties 

Mr. Steven Golden (1) 
The Gas Company 

Mr. David Goldsmith (2) 

Mr. Tom Goya (1,2,3) 
Hawaii Electric Light Company 

Mr. Leonard Greer (2) 
P I m  

Mr. Clifford Gregory (1) 
Hawaiian Electric Company 

Ms. Regina Gregory (1,2,3) 
East-West Center 

Mr. James F. Grogan (2) 
City and County of Honolulu 
H-POWER 

Mr.BeiGu (3) 
UH Mechanical Engineering 

Department 

Mr. Carl Gumataotao (3) 
Guam Power Authority 

Ms. Clare Hachmuth (1) 
NELHA 

Suhario Haditirto (2) 
Community & Nature Assoc. 

Dr. Ronald E. Hagen (3) 
East-West Center Program on 

Resources 

Ms. Cynthia Hagino (1.2) 
Waialua Elementary School 

Ms. Noreen Hagio (1) 
Kohala Elementary School 

Mr. Robert E. Hale (2) 

Mr. Howard Hall (1) 
Hawaii Preparatory Academy 

Mr. Bob Hamburger (1,2) 
University of Hawaii 
Geography Department 

Mr. Peter Hansen (2) 
Berkeley Engineering 

Mr. Jay Hanson (2,3) . 

Mr. Bradley Hara (2) 

Mr. David Harada (1,2) 
BHP Hawaii 

Mr. Jack Harmon (2) 
Intech, Inc. 

Mr. Alfred Harris (1,3) 
Consultant 

Mr. Robert P. Hart (1) 

Ms. Susan Hashimoto (1,2) 
State of Hawaii 
Department of Budget and Finance 

Mr.GaryHashiro (3) 
Hawaiian Electric Company, Inc. 

Ms. Catherine Hazama (2) 
Hawaiian Electtic Company 

Mr. Albert Hee (2) 
Waimana Enterprises, Inc. 

Mr. Alan Hee (1) 
Hawaiian Electric Company 

Mr. Roger K. Hee (1,2) 
Appropriate Technology Hawaii 

Mr. Tom Heinle (2,3) 
Chaminade University 

Ms. Val Henderson (1) 

Honorable Robert Herkes (2) 
State House of Representatives 

Ms. Marni Herkes (1,2) 
Kona-Kohala Chamber of 

Commerce 

Mr. Joe Hernandez (2) 
Waste Management of Hawaii 

Mr. Mark A. Hertel (1,3) 
Inter-Island Solar Supply 

Hawaii Energy Strategy Executiue Summary Appendis 3-3 



Mr. Kenneth Higa (1,2) 
Unocal Corporation 

Mr. Warren Higa (2) 
Honolulu C.A.P., Inc. 

Mr. E. Chipman Higgins (1,2) 
Senate Staff 

Mr. Bob High (2) 
High and Associates 

Mr-DavidHill (1) 

Mr. E. Steven Hill (2) 
MicroFabTek, Inc. 

Mr. H. Wayne Hilton (1) 
Hawaiian Sugar Planters' 

Association 

Mr. Wallace A. Hirai (3) 
W.A. Hirai & Associates 

Mr. Mike Hirakami (2,3) 
General Electric Company 

Honorable Kenneth Hiraki (1) 
House of Representatives 

Mr. Edward Y. Hirata (2) 
Hawaiian Electric Company 

Mr. Stanley K. Hirata (3) 
Trans-Pacific Energy Consultants 

Ms. Joann Hirayasu (1) 
Wahiawa Elementary 

Mr. George Hirose (1,2) 
Hawaiian Electric Company 

Mr.AlexHo (2) 
City & County of Honolulu 
Department of Public Works 

Mr. Nelson Ho (1,2) 
. Sierraclub 

Ms. Sharon Hoffman (2) 
BHP Hawaii 

Mr. Nathan Hokama (2) 
BHP Hawaii 

Mr. Prent Houck (2) 
Unisyn Biowaste Technology 

Mr. Leo Hrechanyk (1) 
Oahu Transit Service, Inc. 

Ms. Sophia Hu (1) 
McKinley High School 

Dr. H. M. (Hub) Hubbard (1,2) 
P I c m  

Mr. Lewis H. Hubbard (2) 

Mr. Matt Hughes (2) 
Hawaii Preparatory Academy 

Mr. Rhea Hurless (1) 
Wailuku River Hydroelectric 

Mr. Shung Cho Hwu (1) 

Ms. Gail Ifuku (1,2) 
Dept. of Education, Kanaelani 

Mr. Earle Ifuku (1,2) 
Hawaiian Electric Company 

Honorable Marshall K. Ige (2) 
House of Representatives 

Mr. Kenneth Ikemori (2) 
City and County of Hawaii 
Department of Water Supply 

Ms. Alyce Ikeoka (1) 
Lanakila Elementary School 

Mr. Stanford Inouye (2) 
Naval Facilities Engineering 

Mr. Darrel T. Itano, P.E. (2) 
Itano & Associates, Inc. 

Ms. Leatrice Itoh (1) 
State of Hawaii 
Department of Education 

Ms. Susan Jackson-Goodhue (1) 

Mr. Lee Jakeway (1,2) 
Hawaiian Sugar Planters' Assoc. 

Mr. Lionel Jaller (1) 
State of Hawaii, Dept. of 
Commerce & Consumer Affairs 

Mr. Victor Jensen (2) 
Big Island Electric Vehicle Assoc. 

Ms. Susan Jenson (1) 

Dr. Charles J. Johnson (3) 
East-West Center 
Program on Resources 

W. D. Johnston (2) 

Mr. Buck Joiner (1) 
Kihei Community Association 

Mr. Bart Jones (1) 
Island Energy Systems 

Mr. C o l i  M. Jones (1,2) 
City and County of Honolulu 
H-POWER 

Mr. Cully Judd (1,2) 
Inter-Island Solar Supply 

Mr. Wayne Judd (2) 
ITT Sheraton Hawaii 

Ms. Kay Kadowaki (1) 

Ms. Lynn Kahoohalohala (2) 
Lanai High & Elementary 

Mr. Ben Kaito (1) 
Hawaiian Electric Company 

Mr. Donald Kaitoku (1) 
U.S. Air Force 

Ms. Gloria G. Kaluna (1) 
Pahoa High School and Elem. 

Mr. Clarence C.K. Kam (1) 
Syntech, Inc. 

Ms. Clarice Kam (2) 
City & County of Honolulu 
Transportation Services 

Mr. Milton Kami (2) 
Waikiki Beachcomber Hotel 

Ms. Teri Kanechika (1) 

Mr. Earl M. Kanehira (2) 
GTE Hawaiian Telephone 

Honorable Brian Kanno (2) 
State Senate 

Mr. Todd Kanja (3) 
BHP Hawaii, Inc. 
Dr. Dirk Koeppen Kastrop (2) 
Environmental Lab of the Pacific 

Mr. Eric Kashiwamura (3) 
BHP Hawaii, Inc. 

Mr. David Kava (2) 
American Samoa Power Auth. 

Ms. Katherine Kawaguchi (3) 
Hawaiian Electric Company 

Ms. Hannah Kawamata (1) 
Koloa Elementary School 
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Ms. Pauline Kawamata (1) 
Community Quest 

Honorable Cal Kawamoto (3) 
State Senate 

Ms. Charlotte Kawazoe (2) 
Hawaiian Electric Company 

Mr. Keith Kaysing (1) 
Hawaiian Electric Company 

Mr. Stephen B. Kealoha (3) 
Maui Electric Company, Inc. 

Ms. Heather Keevill (1,2) 
East-West Center 

Mr. George Kekuna (2) 
City and County of Honolulu 
Departhent of Auditoriums 

Mr. Kevin Kelly (1) 
Hawaii Undersea Research Lab 

Mr. Frank Kennedy (2) 
Hawaii Electric Light Company 

Mr. James E. Kennedy (2) 
Kennedy, Inc. 

Mr. E. Alan Kennett (2) 
Olokele Sugar Company (2) 

Mr. Stafford Kiguchi (2,3) 
BHP Hawaii, Inc. 

Mr. C. Charles Kimm (2,3) 
P I m  

Ms. Nadine Kimura (1) 
Honaunau Elementary School 

Mr. Fred King (2) 
U.S. Department of Energy 

Dr. Charles Kinoshita (1,2) 
Hawaii Natural Energy Institute 

Mr. Stanley Kiyonaga (3) 
Maui Electric Company, Inc. 

Ms. Donna Kiyosaki (1) 
Hawaii Electric Light Company 

Mr. Thomas Kobashigawa (1) 
The Gas Company 

Mr. Kal Kobayashi (1,2,3) 
County of Maui 

Mr. Fred Kohloss (2) 
Lincoln Scott & Kohloss 

Mr. Ron Kohn (2) 
Straub Hospital 

Mr. Stanley Kon (1) 
HQ, U.S. Army Pacific 

Ms. Mildred D. Kosaki (1,2) 
Hawaiian Electric Company 

Mr. Robert M. Kovacs (2) 

Mr. Andrew Krantz (2) 
U.S. Department of Energy 

Mr. Donald A. Krieger, M.H.A. 

Kapiolani Health Care System 

Mr. Darrel Krulce (1) 
East-West Center 

(2) 

Ms. Kristine Kubat (1) 
Hawaii County Mayor's Energy 

Council 

Mr. L. R. Kunz (1) 
Kunz Dental Lab 

Ms. Valerie T. Kurizaki (1) 
Pearl Ridge Elementary School 

Mr. Raymond S. Kuruhara (2) 
Hilo Coast Processing Co. 

Mr. The0 Kushi (2) 
Keaau Elementary 

Mr. Robert Kwok (1) 
Hawaiian Commercial & Sugar 

Company 

Mr. Ricky Labuguen (3) 
UH Mechanical Engineering 

Department 

Mr. Christopher LaFranchi (1,2) 
EnviroSearch International 

Mr. Michael M e r t y  (2) 
Bank of Hawaii 

Mr. Christopher Lai (2) 
Public Utilities Commission 

Mr. CleveLaird (2) 
U.S. Department of Energy 

Mr. John Lamer (2) 

Mr. Salvatore Lanzilotti (2) 
City & County of Honolulu 
Managing Director's Office 

Mr. Mike Last (1) 

Mr. Michael Lee (2) 
Oahu Transit Services, Inc. 

Mr. Michael T. Lee (2) 
Department of the Attorney 

General 

Mr. Philmund Lee (3) 
State House of Representatives 

Staff 

Mr. Wanen Lee (1) 
Hawaii Electric Light Company 

Mr. A. Scott Leithead (2) 
Torkildson Katz Jossem Fonse-ca 
Jaffe Moore & Hetherington 

Mr. Raymond Len (2) 
City and County of Honolulu 
Building Department 

Dr. Pingsun h u n g  (1) 
University of Hawaii, 
Agriculture and Human Resources 
Department 

Mr. William J. (Jack) Lindsey (2) 
Lindsey Electronic Services 

Company, Inc. 

(2) 

Company, Inc. 

Mr. William J. (Bill) Lindsey, Jr. 

Lindsey Electronic Services 

Mr. Alan S. Lloyd, P.E. (1,2,3) 
Hawaiian Electric Company 

Ms. Paula W. Loomis (2) 
City and County of Honolulu 
Office of the Managing Director 

Ms. June Low (1) 
Aliamanu Intermediate School 

Mr. Gordon G. W. Lum (2) 
Oahu Metropolitan Planning 

Organization 

Mr. Christopher Lyman (2) 

Ms. Virginia B. Macdonald (2) 
VB. Macdonald AIA 

Ms. Nancy MacGregor (2) 
Waimea Elementary 

Mr. Joseph M. Magaldi, Jr. (2) 
City and County of Honolulu 
Dept. of Transportation 
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Mr. Ralph K. Makaiau (1,2) 
Turtle Bay Hilton 

Mr. Samuel A. Makua (2,3) 
Manly-Williams, Inc. 

Ms. Donalynn Manalili (1) 
Honoka’a Elementary School 

Mr. Ed Manglallan (3) 
Pearl Harbor Naval Shipyard 

Mr. Fidencio Mares (1) 
BHP Gas Company 

Mr. Jeny M m  (2) 
City and County of Honolulu 
Dept of Parks and Recreation 

Mr. John Marui (2) 
Hawaiian Commercial & Sugar 

Company 

Lt. Col. Jeny M. Matsuda (2) 
State of Hawaii 
Department of Defense 

Mr. Jerry Matsunaka (3) 
UH Mechanical Engineering 

Department 

Ms. Helen Matsui (1) 
State of Hawaii 
Department of Education 

Mr. Keith Matsumoto (1) 
A & B Hawaii, Inc. 

Mr. Dick Mayer (1) 
Maui Community College 

Mr. Alee McBarret, Jr. (1) 
Maui Oil Company 

Mr. Arthur McComack (1,2) 
Sierra Club 

Mr. Jeff McElroy (3) 
Chevron USA 

Mr. James McElvaney (1) 
McElvaney Associates, Ltd. 

Ms. Janis McGowen (1) 
Pahoa High School and 

Elementary 

Mr. Janus McGowen (2) 
Hawaii Solar Dried Fruit 

Mr. J. Steven McMullen (2) 
BHP Hawaii 

Mr. Danny Medeiros (3) 
Hawaii Electric Light Company 

Ms. Christina Meller (2) 
DOFAN - Na Ala Hele 

Mr. Ken Melrose (1) 
Waikoloa Land Company 

Mr. Ralph 0. Mench (2) 
First Hawaiian Bank 

Mr. James Mengeolt (3) 
Palau Utilities Commission 

Mr.BillMilks (2) 

Dr. Stephen E. Miller (2) 
U.S. Fish and Wildlife Service 

Ecological Services 

Mr. Marvin Min (1) 
The Gas Company 

Mr. Robert Minamoto (1,2) 

Ms. Sharon Miranda (2) 
Staff, House of Representatives 

Mr. Daniel Mita (1) 
State of Hawaii 
Department of Commerce and 

Consumer Affairs 

Mr. Richie Miyagawa (3) 
UH Mechanical Engineering 

Department 

Ms. Wendy Miyao (1) 
M t  View Elementary School 

Ms. Debra Miyashiro (1) 
State of Hawaii 
DBEDT - Library 

Mr.BmyMizuno (3) 
Puna Geothermal Venture 

Mr. Thomas Mizuno (1) 
PACNAVFACENGCOM 

Ms. Marie Monsen (2,3) 
U.S. Department of Interior 

Mr. Hugh Montgomery (2) 

Honorable David Morihara (1) 
House of Representatives 

Mr. Robert Morrell (3) 
American Samoa Power Authority 

Mr. Steven E. Moms (2) 
Puna Geothermal Venture 

Mr. James E. Moulds (2) 
County of Hawaii 
Planning Department 

Mr. Jay Mulki (1) 
Hawaiian Electric Company 

Mr. Stanley Murata (2) 
Ho & Okita, Inc. 

Ms. Leona Murphy (2) 

Mr. John A. Murray (2) 
Management Associates 

Mr. Roy Mushrush (1,2) 
Energy Associates of Hawaii 

Mr. Kim0 Naauao (1) 
The Gas Company 

Mr. Daniel Nahoopii (3) 
Hawaiian Electric Company, Inc. 

Mr. Alva Nakamura (2) 
Hawaiian Electric Company, Inc. 

Mr. Brian Nakumura (3) 
P I C m  

Mr. Melvin Nakamura (1) 
The Gas Company 

Mr. Ronald Nakanishi (2,3) 
Public Utilities Commission 

Ms. Janice Nakashima (3) 
University of Hawaii 
Student Housing Services 

Mr. Ed Nakaya (2) 
Kauai Electric 

Ms. Iris N. Napaepae-Kunewa (2) 

Mr. Morton Nemiroff (1) 
Dole Packaged Foods 

Ms. Jennifer Neupane (3) 
University of Hawaii 
Student Housing Services 

Ms. Judith Neustadter, Esq. (1) 
Attorney at Law 

Mr. Craig Newman (2) 
Expeditions 

Mr. James Nickum (1) 
East-West Center 
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Mr. Edwin M. Niitani (2) 
City & County of Honolulu 
Building Department 

Ms. Sharon Nishi (1) 
State of Hawaii 
Department of Commerce and 

Consumer Affairs 

Mr. Steve Noms (2) 
Support System Associates 

Mr. Barry Northrop (1,2) 
Solar Works 

Mr. Benjamin S. Notkin (2) 
BSNHawaii, Ltd. 

Mr. Arnold B. Nurock (2) 
Family Friends , 

Mr. Richard L. OConnell (2) 
Hawaiian Electric Company 

Mr. Nelson Oasay (2) 
Pearl Harbor Naval Shipyard 

Mr. Klaus Obel (3) 
Makani Uwila Power Company 

Mr. Jeun Oda (1,2) 
Hawaiian Electric Company 

Mr. Norman Ogasawara (23) 
State of Hawaii 
Civil Defense 

Mr. John E. O p d n y  (3) 
ARCO, Inc. 

Mr. Donald Okahara (1) 
Okahara & Associates 

Mr. Wallace T, Oki, P.E. 
Wallace T. Oki, P.E., Inc. 

Honorable Mike O’Kieffe (1) 
House of Representatives 

Ms. Joyce R. Okihara (2) 
Citizens Utilities Company 
Kauai Electric Division 

Ms. Sue Okunami (2) 
Kaumana School 

Mr. Victor Olgyay (1) 
University of Hawaii 
School of Agriculture 

Ms. Judy Oliver (3) 
U.S. Department of Energy 

Mr. Jon Olson (2.3) 
Puna Company 

Mr. Harry J. Olson (2) 
Hawaii Natural Energy Institute 

Ms. Candice Onishi (3) 
Public Utilities Commission 

Mr. Wayne Onomura (2) 
County of Hawaii 
Building Division 

HiroshiOoka (2) 

Ms. Arlene Pangelinan 
University of Hawaii 

Mr. Don Paquing (2) 

Mr. David Parish (2) 
Exports International 

Mr. Jack Pearring (2) 
Hawaii Asphalt Paving Industry 

Ms. Hillary Pedersen (2,3) 
BHP Hawaii, Inc. 

Ms. Barbara R. Pendragon (2) 
County of Kauai 
Mayor‘s Energy Advisory 

Committee 

Mr. Ken Perreira (1,23) 
Navy Public Works Center 

Mr. Craig Perry (3) 
Matson Terminals, ILIC. 

Ms. Jennifer Perry (1) 
Kapoho Community Association 

Mr. Joseph Petrie (1) 
Island Energy Systems 

Ms. Judith Pettibone (1,2,3) 

Mr. Patrick Phelan (23) 
UH Mechanical Engineering 

Mr. Ron Phillips (2) 
Energy Associates 

Dr. Victor D. Phillips (2) 
Hawaii Institute of Tropical 

Department 

Agriculture 

D. Piercy (2) 

W. Pietrucha (1,2) 
Enprotech - Itochu 

Mr. Richard Pokier (2) 
State of Hawaii 
Office of State Planning 

Mr. Gregg Pommerenk (1) 
Kapoho Community Assoc. 

Mr. William L. Power III (2) 

Widhyawam Prawiraatmadja (23) 
East-West Center 

Mr. Roy price (3) 
State of Hawaii Civil Defense 

Mr. Jerome Prior (3) 

Mr. Carlo Priska (2) 
Priska Architect 

Mr. Steve h e l l  (1) 
Citizens for Jobs & Environment 

Mr.WilliamQUinn (2) 
Goodsill Anderson Quinn & Stifel 

Mr. George 0. Radford (2) 
Radco Products, Inc. 

Ms. Sarah V. Raisbeck (3) 

Mr. Florencia A. Ranchez (2) 
Kalihi Kai School 

Ms. Cindy Rapadas (3) 
Guam Energy Office 

Ms. Patricia Rea (2) 
Hawaiian Electric Company 

Ms. Jan Reichelderfer (3) 
Parsons Brinckerhoff Quade & 

Douglas, znc. 

Mr. Dennis Reeves (1) 
BHP Hawaii 

Mr. Joe Reich (2) 
Molokai Ice House, Inc. 

Mr. Ralph Renaud (1) 

Mr. Ron Richmond (1) 
Hawaii Solar Energy Assoc. 

Mr. Michael Riordan (2) 
Southwest Environments 

Mr. Edward L. Reinhardt (3) 
Maui Electric Company, Inc. 

Mr. John Rios (3) 
Guam Energy Office 
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Mr. R.J. Ritter. Jr. (3) 
Trane Pacific Service 

Mr. Robert Rivard (2) 

Mr. Jim Rizer (2,3) 
Pacific Basin Development 

Council 

Ms. Muriel R. Roberts (1) 

Mr. Louis D. Robinson (2) 
Louis D. Robinson Ltd. 

Mr. Michael Robinson (1) 
Resource Management 

Mr. Richard Rocheleau (2) 
Hawaii Natural Energy Institute 

Mr. Jo Paul Rognstad (2,3) 
Century Architecture, Inc. 

Dr. Ira Rohter (3) 
Green Party 

Mr. John Roney (1) 
Hilo coast Processing co. 

Mr. Henry A. Ross (2) 
Kohala Advisory Council 

Mr. Kent Royle (1) 
TRB Architects, Ltd. 

Honorable Harry Ruddle 
Hawaii County Council 

Mi. Russell E. Ruderman (2) 
Big Island Rain Forest Action 

Group 

Mr. John Lewis Ruppun (2) 
Key Project 

Mr. Steve Ryan (1) 
N O U a u n a  Loa Observatory 

Mr.BradSaito (1) 
The Gas Company 

Mr.Ericsakanashi (1) 
State of Hawaii 
HFDC 

Mr. Ross H. Sakuda (3) 
Hawaiian Electric Company, Inc. 

Mr. Michael J. Sample, Esq. (2) 
BHP Hawaii, Inc. 

Mr. Ian Sandison (1) 
Carlsmith Ball Wichmann Murray 

Case & Ichiki 

Mr. Francis J. Sansone (1) 
University of Hawaii ' 

Department of Oceanography 

The Honorable Alex C. Santiago 

House of Representatives 

Mr. Jay S a m  (2) 
County of Hawaii 

(1) 

Mr. Glenn Sat0 (1,2) 
County of Kauai 

Mr. Vernon Sato, Jr. (1) 
Subase Pearl Harbor 

Mr. Randy Schmitt (2) 
McComston, Miho, Muller, 

Mllkai 

Mr. Donald Schnider (2) 
County of Maui 
Planning Department 

Mr. Jason Schwartz (1,2) 
Energy Exchange 

Ms. Estrella Seese (1) 
Hawaiian Electric Company 

Mr. Art Seki (1,2,3) 
Hawaiian Electric Company 

Mr. Howard Selnick (1) 
Hui Hoo Pakele Aha  

Mr. Peter Shackelford (29) 
PICI-rrR 

Mr. Craig Shigeta (1) 
Hawaiian Electric Company 

Mr. Jerry Y. S h i o d a  (1,2) 
National Park Service 

Mr.JhonShin (1) 
Hawaii Cement 

Mr. Aaron Shinmoto (1) 
Maui County 
Public Works Department 

Mr. George T. Shiroma (2) 
Leeward Community College 

Mr. Robert Shleser (1,2) 
PICHTR 

Mr. Alan M. Shoda (3) 
UH Mechanical Engineering 

Department 

Mr. Thomas C. Simmons (2) 
Hawaiian Electric Company 

Mr. Norman Siubbis (2) 
Norman Siubbis & Associates 

Mr. Gordon Smith (2) 
Hawaiian InterIsland Towing 

Mr. John Sprague (2) 
P I m  

Ms. Kim Springer (1) 
Chiefess Kapiolani Elementary 

Mr. Milton Staackmann (1,2,3) 
Hawaii Natural Energy Institute 

Mr. Robert J. Staff (2) 
Dept. of Budget and Finance 

Ms. Susan Stayton (2) 
County of Kauai 

Mr. Dennis R. Stebbins (2,3) 
Stebbins International Ltd. 

Mr. Al Streck (2) 

Mr. David Y. Suda (1,2) 
LNW Management, Inc. 

Mr. Daniel Suehiro (3) 
Hawaiian Electric Company, Inc. 

Mr. Gerald A. Sumida (1,2) 
Carlsmith Ball Wichmann Murray 

Case & Ichiki 

Mr. Jason Sumiye (1) 

Mr. Kay Sunada (2) 
Halawa Garden Products 
The Organic Recycler 

Ms. L. Suzuki, JD, RN (2) 

Ms. Sharon Suzuki (1,2,3) 
Hawaiian Electric Company 

Mr. Jeff Swindel (3) 
Chevron USA 

Mr. Reupena Tagaloa (29) 
American Samoa Energy Office 

Mr. Jason Tagawa (3) 
UH Mechanical Engineering 

Department 
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MI. Steve Tagupa (3) 
UH Mechanical Engineering 

Department 

Mr. Howard A. Takata (1) 
Hawaii County Mayor’s Energy 

Advisory Committee 

Mr. Allyn Tam (1,2) 
Hawaiian Electric Company 

Dr. Kay Tamaribucbi (1) 
UH Foundation 

Ms. Julieto Tamayo (2) 
Hawaiian Commercial & Sugar 

Company 

Ms Arlene Tanaka (3) 
BHP Hawaii. Inc. 

Mr. Dan Tanaka (2) 
State of Hawaii 
Department of Transportation 

Mr. Gordon Tanaka (2) 
City and County of Honolulu 
Dept. of Parks & Recreation 

Mr. Franc Tatarko (2) 

Mr. John Tang (3) 
UH Mechanical Engineering 

Dr. Frank Tang (3) 
East-West Center 
Program on Resources 

Mr. Robert Taylor (2) 
Hawaiian Commercial & Sugar 

Department 

Company 

Mr. Terry Teller (2) 
Reynolds Recycling Company 

Mr. AlFred Teruya (1) 
Department of Education 

Ms. Jean Tessmer, ASID (1) 
Space Options, Inc. 

Mr. Monty Tester (1) 
A & B Properties, Inc. 

Mr. Kenneth L. Thong (2) 
City & County of Honolulu 
Department of Transportation 

Mr. Xijun Tian (3) 
State of Hawaii 
Department of Business, 

Economic Development, and 
Tourism 

Research and Economic Analysis 
Division 

Mr. John Tochimura (1,2) 
Hawaiian Electric Company 

Mr. Edward Tomp (1) 
Chevron U.S.A. Products Co. 

Mr. Charles W. Totto (2) 
State of Hawaii 
Div. of Consumer Advocacy 

Dr. Lisa Totto (1) 
East-West Center 

Mr. Andrew Trenka (2) 
PICHm 

Ms. Ruth N. Truce (2) 
Education - CDL 

ChrisTsukamoto (3) 
UH Mechanical Engineering 

Department 

Ms. Julia Tsumoto (2) 
State of Hawaii 
Department of Transportation 

Mr. Hilton H. Uemori (3) 
ECM, Inc. 

Mr. Roy Uemura (2) 
Hawaiian Electric Company 

Mr. Roger A. Ulveling (2) 
Roger A. Ulveling, Inc. 

Mr. Patrick J. Valenti (2) 
Valenti Brothers Graphics, 

Mr. Joseph Van Ryzin (1) 
Makai Ocean Engineering 

Mr. Stephen Vatter (1) 
Holmes & Narver, Inc. 

Ms. Laurie Veatch (1) 

Ltd. 

Citizens for Jobs &- Environment 

Dr. Luis A. Vega (1,2,3) 
PI- 

Mr. Richard A. von Gnechten (3) 
Hawaiian Electric Company, Inc. 

Mr. Peter Wagner (2) 
Honolulu Star-Bulletin 

Ms. Dawn Waiwaiole (1) 
Lanakila Elementary 

Mr. Dave Waller (1,2) 
Hawaiian Electric Company 

Mr. Xiaodong Wang (3) 

Ms. Marilyn Webb (2) 
Kealakehe Intermediate School 

Ms. Elaine S. Wender (1,2) 

Mr. James Whitcomb (2) 
Haleakala Resources, Inc. 

Mr.LynnWhite (3) 
Puna Geothemal Venture 

Ms. Julia L. Wieck (1,3) 

Ms. Angela L. Williams (2) 
University of Hawaii 
Pacifc Business Center Program 

Ms. Judy Williams (3) 
Alexander & Baldwin, Inc. 
Mr. Charles Willson (2) 
ECM, Inc. 

Mr.GaryWinn (2) 
Staff, House of Representatives 

Mr-BillWong (3) 
U.S. Army Pacific 

Ms. Elaine Wong (2,3) 
Hawaiian Electric Company 

HamishWong (2) 
Hawaiian Electric Company 

Mr. Joe Wong (3) 
UH Mechanical Engineering 

Department 

Ms. Sandra-Ann Wong, Esq. 

Waimana Enterprises, Inc. 

Mr. Duffy Wright (1) 
Submetering Systems 

Mr. E. Alvey Wright (1) 
Hawaii Technology 

(2) 

Dr. Kang w u  (3) 
East-West Center 
Program on Resources 
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h4s. Wendy Yamaguchi (1) 
Department of Education 

Ms. ann Yamamoto (1) 
Hawaiian Electric Company 

Mr. Bert Yamamoto (3) 
State of Hawaii 
Department of Education 

Mr. Charles Yamamoto (1,3) 
Kauai Community College 

Mr. Dennis Yamamoto (1) 
Yamamoto and Associates 

Ms. Janet Yamamoto (1,2) 
Hawaii Fed. of Garden Clubs 

Mr. Jim Yates (3) 
BHP Hawaii, Inc. 

Ms. Pearl Ye0 (1) 
The Gas Company 

Honorable Terry Nui Yoshinaga 
State House of Representatives 

Mr. Darin Yokoyama (3) 
University of Hawaii 
Student Housing Services 

Ms. Eileen Yoshinaka (1,2,3) 
U.S. Department of Energy 

Ms. Dale Yoshizu (1) 
Waialua Elementary School 

Mr. Scott Yost (1) 
Unocal 

Mr. Bryan Young (2) 

Mr. Charles Young (1) 
MacFarms of Hawaii 

Mr. Dave Young (3) 
Chevron USA 

Mr. DarreU. Young (1,2,3) 
BHP Hawaii, Inc. 

Mr. Kenneth Young (1) 
Kamaoa Wind Energy Park 

Mr. P.Y. Young (1) 
University of Hawaii 
Agricultural Engineering Dept 

Mr. Paul C. Yeun (3) 
College of Engineering 
University of Hawaii 

Mr. Larry Zane (2) 
University of Hawaii at Manoa 

Mr. Lynn Zane (3) 
State of Hawaii Library System 

Mr. Vernon Zane (2) 
Matson Terminals, Inc. 

Mr. Jiachun Zhou (3) 
UH Mechanical Engineering 

Department 

Mr. Peter R. Ziegler (2) 
Pacific Synergy, Inc. 
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COMMENTS ON THE HAWAII ENERGY STRATEGY 
PROGRAM 

INTRODUCTION 

The following is a record of comments about the Hawaii Energy Strategy (HES) program 
made by participants in the third HES Workshop and provided by mail by individuals or 
organizations who reviewed the Hawaii Energy Executive Summary or Hawaii Energy 
Strategy Final Report. 

The HES Workshop was held on September 20,1995, at Tokai University in Honolulu. 
The comment record is organized by project followed by general comments on the overall 
project. The comments are presented in summary form as recorded by facilitators from the 
Center for Alternative Dispute Resolution and do not represent a verbatim transcript. When 
a reply to the comment was made, it is indicated. Replies made at the workshop have been 
supplemented with additional detail where greater clarity was desirable. Where an action 
was appropriate, the action taken or to be taken is indicated. 

Following the record of comments made at the workshop, the comments received by mail 
are summarized. 

PROJECT 2 -- FOSSIL ENERGY REVIEW AND ANALYSIS 

COMMENT: The chart depicting energy diversification in the draft HES Executive 
Summary (page 2-4) should include 1993 values which would show the major additional 
effects of introduction of the AES Barbers Point coal plant in 1993. 

ACTION Chart was updated. 

COMMENT: The use of alternative fuels, including coal, should lower dollar costs of 
electricity as it has in Asia 

COMMENT: There is a lack of competition in Hawaii. What would happen if Hawaiian 
Electric &ECO) became a transmission provider instead of a supplier of energy should be 
considered. 

COMMENT: HECO is cumntly both a distributor as well as producer of electricity. 

PROJECT 3 -- RENEWABLE ENERGY ASSESSMENT 

COMMENT: The values assigned in the report for system cost for Ocean Thermal Energy 
Conversion (OTEC) appear very optimistic. 

REPLY: Project 3 estimated capital costs for a 60 MW OTEC facility in 2004 
at $615.8 million, or $8,603 per kW, for a cost of electricity of 20.41 cents per kWh (aU 
values in 1993 dollars). These costs were clearly not competitive. 

Based upon cost figures provided by an OTEC developer in 1994 
who intended to build an OTEC facility in India, a 100 MW OTEC plant was modeled in 
Project 7 for Oahu at a capital cost of $200 million, or $2,095 per kW, and an electricity 
cost of 4.6 cents per kWh. Such a facility would be cost-effective, but the project in India 
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has not moved forward and whether such costs can be achieved is not known. The point is 
that OTEC offers a technology which could provide renewable energy to Hawaii, but costs 
must be greatly reduced over current estimates. 

PROJECT 6 -- ENERGY VULNERABILITY ASSESSMENT AND 
CONTINGENCY PLANNING 

COMMENT: Hawaii energy facility vulnerability to natural disasters is summarized on 
Page 2-22 of the Hawaii Energy Strategy Executive Summary. The 20-25 year intervals 
[given for some types of disasters] seems high. 

REPLY The values cited are recurrence intervals which are the time periods 
for potential damage to energy and lifeline facilities. They do not represent the extreme 
value rehum periods of natural disasters. They are based on historical data and reflect the 
location and relative number of energy and lifeline facilities relative to the hazard. 

COMMENT: Following a discussion of the heavy oil shipping problem.] From the 
utility company’s point of view, there are no plans for power plants using heavy oil on the 
neighbor islands. 

PROJECT 7 -- ENERGY STRATEGY INTEGRATION 

COMMENT: The oil reduction figures projected in the report appear minuscule compared 
to the reductions planned by European countries. [The ENERGY 2020 scenario runs used 
all renewable energy for electricity generation after 1995 except in cases where oil-fired 
generation was required in the first three years. In addition, a 10 percent alcohol ground 
transportation fuel program and demand-side management further reduced energy demand. 
The result over the twenty year period was replacement of about 7 1/2 percent of oil use 
over the Baseline 2020 scenario by renewable energy or energy savings.] 

Why do it? Perhaps a consultant from Europe is needed. The suggested scenarios 
represent the “birth of a minnow.” 

REPLY As noted in Project 2, oil substitution is difficult, If all power 
generation and process heat were replaced by renewable energy, oil use could be reduced 
by 33 percent, A further one percent reduction could be achieved by 10 percent alcohol 
blend ground transportation fuel. Further reductions involve more drastic actions including 
renewable fuels for all marine and ground transportation to achieve 55 percent reduction. 
Going beyond that point involves some as yet undetermined substitute for jet fuel for 
interisland and overseas air transportation. Basically, given current technology, reaching 
the 34 percent level would be difficult. 

In this context, the results of the scenarios modeled in ENERGY 2020 are more 
impressive. Essentially, they take Hawaii 22 percent of the way to its potential oil use 
reduction achievable in the sectors targeted. Moreover, this was done without negatively 
affecting the economy with electricity prices within one cent per kWh of the baseline. 

The only way to accelerate use of alternate energy in the electric power and process heat 
sectors would be to begin to retire and replace oil fired units prior to the end of their useful 
life. This measure would be significantly more costly to Hawaii’s people. The long useful 
life of oil-fired generation (30-50 years) creates this dilemma, however, it also strongly 
argues for using renewable energy for new generation additions now, or Hawaii will be 
consigned to continuing its overdependence on oil even farther into the future. 

I 
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COMMENT: Further work on energy externalities should consider the cost of living in 
Hawaii and the Pacific Rim, keeping energy costs low to be competitive, and the impact on 
real people [of potentially higher energy costs if externalities are included in energy costs]. 

COMMENT: [Table 2-3, Page 2-27 of the Hawaii Energy Strategy Executive Summary 
suggests mandates for solar water heating in 60% of new construction, residential electric 
water heating controls, and use of biomass in industrial boilers as demand-side 
management methods.] Page 2-27, pull out “mandate”. Enforcement is a challenge and a 
rate incentive is better. 

REPLY: While a mandate was modeled, the DBEDT Energy Division would 
prefer a incentive-based methods of encowging these actions to reduce energy demand. 
Such incentive-based methods ;will be considered first in any implementation of these 
recommendations. 

COMMENT: Table 2-4 on Page 2-29 of the Hawaii Energy Strategy Executive Summary 
refers to addition of an “oil steam” power plant. The utilities will not be building any more 
and this should be pulled out. 

In addition, the portfolio calls for an additional 95 MW of refuse-fired generation in 2007. 
Such an increase may not be feasible as enough refuse may not be available as alternative 
uses are made with the green waste component of the waste stream. 

ACI’IOM The projection was based upon extrapolation of current waste 
availability. The assumptions will be reviewed prior to future model runs to ensure that 
they include all factors, such as recycling and green waste recycling, related to the potential 
fuel supply to ensure its adequacy. 

COMMENT: I would like to see 1,OOO MW of OTEC in the model scenario. 

REPLY OTEC was modeled in the scenario and, based upon highly 
optimistic cost figures (see above), a 100 M W  OTEC system was selected for Oahu in 
2009. A scenario run could be done with more OTEC, but accurate cost figures are 
needed. DBEDT Energy Division will ask PICI’HR for their current estimates. 

GENERAL COMMENTS 

COMMEN’E Can the HES Report be made available on diskette. 

REPLY DBEDT Energy Division can make a copy upon request. The 
requester will need to provide blank diskettes. The report is in Microsoft Word for 
Macintosh. 

COMMENT: The recommendation for the state government to set an example in AFV 
should be followed. 

REPLY: Agreed. 

COMMENT: [In Section 4.2.6.1., Page 4-10 of the Hawaii Energy Strategy Executive 
Summary, contract structures which assist in obtaining financing at favorable rates such as 
front-loaded contracts were recommended.] Front loaded contracts are a problem. 
Suppliers can beat them by filing for bankruptcy. 
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COMMENT: I am pleased with the energy vulnerability hazard mitigation measures 
recommended for the electricity industry. 

COMMENT: I am very pleased with the statement in Section 4.2.6.2, Page 4-10, 
"Because a significant number of additional renewable energy projects could be developed 
if not for penetration limits for intermittent resources on isolated grids, studies addressing 
this issue should be a top priority." 

COMMENTS RECEIVED BY MAIL 

Comments were received by mail from Appropriate Technology Hawai'i, BHP Hawaii, 
Dr. James Dorian of the East-West Center Program on Resources, Hawaiian Electric 
Company, Inc., Dr. Ira Rohter of the University of Hawaii Political Science Department, 
and Dr. Luis Vega of The Pacific International Center for High Technology Research. 
Some of these comments differ from positions taken on issues in the Hawaii Energy 
Strategy Report or Hawaii Energy Strategy Executive Summary. In some cases, a 
response is made to the comment. In other cases, we implicitly agree to disagree. The 
comments are summarized below. 

Appropriate Technology Hawai'i 

Mr. Roger Hee, P.E., of Appropriate Technology Hawai'i provided extensive editorial 
comments on the Hawaii Energy Strategy Etecutive Summary. These were considered in 
the final edit process. In addition, he offered a number of substantive comments on issues 
raised in the report which are summarized here. 

a 

a 

a 

a 

a 

lpegarding the Hawaii Energy Strategy goals] There is a missing strategy goal: 
level the playing field. 

The Hawaii Energy Strategy Technical Report should also be distributed state- 
wide. 

REPLY: 
pages in length and provides a level of detail unlikely to be used by most 
readers. The Report will be available to those requiring such detail in the 
DBEDT Energy Division. 

The Hawaii Energy Strategy Technical Report is approximately 500 

lpegarding the discussion of Hawaii's position as a price taker in the world oil 
market], Hawaii is a small oil market which could be overwhelmed by more 
lucrative markets willing to pay more, leaving Hawaii high and dry. 

It seems odd that DBEDT didn't have a current economic forecast. What about 
now? 

REPLY 
Research and Economic Analysis Division (READ). READ is currently 
updating an economic forecast. 

The lack of a forecast reflected the 1992 priorities of DBEDT's 

lpegarding the recommendation to improve state vehicle fleet fuel efficiency], 
what about fleet reduction? What about county and private fleets? 

REPLY This is a good suggestion. County and private fleets come under 
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various provisions of the National Energy Policy Act of 1992; this section 
presents recommendations for the state. 

[The Executive S u m r y  discussed the examination of the possibility of 
developing an energy externalities accounting system in Section 2.7.2.1 Why 
only a possibility? It was supposed to be part of the entire project. This is 
being glossed over. This is just as important as everything else and needs to be 
documented. 

REPLY: As we reported, DBEDT Energy Division conducted research to 
determine what other jurisdictions externality policies and experiences were 
with calculating and assigning values to external energy cost so they could be 
accounted for in the energy market. Our research found that the focus 
elsewhere was on air quality-related externalities in areas suffering from heavy 
air pollution -- a condition fortunately not as relevant to Hawaii. It was decided 
not to use these values, but to participate in thedevelopment of Hawaii-specific 
externalities values in Advisory Groups as part of the IRP process. 

0 Why is there no discussion of human powered transportation planning? 

REPLY: 
diesel use in the transportation sector due to space limitations. The Project 5 
Transportation Energy Strategy Final Report addresses a wider variety of 
measures, including increased use of bicycles and foot access. 

The focus in the Executive Summary was on reducing gasoline and 

BHP Hawaii 

Mr. George E. Bates, Vice President, Environmental and Government Mairs, BHP 
Hawaii provided comments based upon his company's review of the draft Hawaii Energy 
Strategy Final Report. which are summarized below. The comments are referenced to the 
Report. 

The primary focus of the report is to discuss Hawaii's energy picture and 
lay out alternative fuel strategies to reduce the state's dependence on 
petroleum. However, the report realistically acknowledges that the state is 
predominantly dependent on petroleum for its energy requirements in part 
due to the necessary demand for jet fueL The report also recognizes that 
historically, petroleum has been the most economical source available to 
Hawaii and will continue to remain so. 

Our comments focus on the following areas: 
- Oil prices low in constant dollars; 

Subsidization of alternative fuels; 
- LPG as an alternative fuel; 

- Non-oil energy sources; 

- Rehery Upgrade capabilities; 

- Utility gas price comparisons with the West Coast; and 
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Emergency contingency planning recommendations. 

Oil prices low in constant dollars (3.2.4.1.) 

On page 3-5 of the report it is stated that bb. . . oil is likely to remain a critical 
fuel with volatile prices and supply behavior.” BHP q u e s t s  this statement 
be modified to accurately reflect the true picture of oil prices over the last 
twenty years. . . . oil prices have continued on a downward trend in 
constant 1993 dollars and are currently at their lowest point. World wide 
political change has reduced the power of OPEC and lowered the risk that 
political events can substantially effect prices. Likewise, Hawaii’s 
electricity ram have also remained constant In addition, it can be noted 
that the consistency in oil prices has caused the price of coal to remain non- 
volatile and constant. 

Government subsidization of alternatives (3.5.5.8.) 

BHP acknowledges the state’s initiatives to pursue alternative fuels. 
However, BHP is opposed to government subsidies for alternative fuels on 
the grounds that such subsidies distort the market and artificially increase 
the cost of living in Hawaii with little or no real benefit. When the market is 
allowed to operate freely, with competition and natural supply and demand 
forces at work the result is lower prices. M e r e  the majority of the 
customers believe that the cost of living presently is too high, increasing the 
cost to consumers should be weighed heavily against the exchange for 
marginal societal benefits. 

Promotion of alternative transportation fuels (3.5.5.5) 

The report refers to many alternatives that are available throughout the U.S. 
and some that have at one time or another been employed here in Hawaii. 
However, propane or LPG used as a transportation fuel, although ranking 
high in near term considerations for alternative fuels, is deleted from the 
overall state strategy because it is not part of the strategy to move away from 
petroleum. BHP believes including LPG as an alternative in the state 
strategy is an efficient use of resources already available. 

Secondly, LPG is an alternative that needs no subsidy, is available now, 
and is the only approved alternative transportation fuel with an existing 
infrastructure to deliver fuel in large quantities. As stated before, the 
demand for crude oil is set by the demand for jet fuel for our tourist 
industry. No one product can be solely produced from a barrel of crude. 
Using a petroleum based alternative is not contrary but should be viewed as 
complimentary to the overall strategy of decreasing gasoline usage and 
increasing statewide efficiency of crude oil. The potential to produce 
sufficient quantities of LPG at the refineries makes it an alternative that is 
good for the environment and cost competitive with gasoline. 

Non-oil energy sources (4.1.3.2.) 

The report includes coal in this discussion and corresponding graph. 
However, coal is a fossil fuel. The report recognizes and promotes coal as 
a viable alternative. However, LPG, a product derived from a fossil fuel 
feedstock which is readily available and a cleaner burning alternative than 
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coal is not viewed as a promotable or viable alternative. This reflects an 
inconsistent and unclear state policy. 

Refinery upgrade capabilities (4.2.2.4.) 

“Increased refinery flexibility would enhance refiners’ capability to respond 
to world oil market changes, and give much more latitude to state programs 
in alternative fuels. The upgrades would include additional upgrading 
facilities, including some expansion of crude distillation and catalytic 
reforming capacity, and substantial hydrocracking capacity expansion. 
(Project 2)” DBEDT Energy Division comment: This is quoted from the 
Hawaii Energy Strategy Executive Summary] 

BHP believes the summary recommendation above oversimplifies the 
results of Project 2 as well as the economics of the situation. Project 2 
reviewed the [state’s] energy situation and the potential impacts of 
aggressive substitution policies in the power generation; and land, sea, and 
air transportation sectors. 

The study states that aggressive substitution [for oil use] would 
substantially increase the volume of refinery surplus products, given current 
capacities. Due to the fact that, “Hawaiian refiners are . . . at a comparable 
disadvantage with respect to most export markets”, the resulting economics, 
“would be threatening to the long-term viability of refining in Hawaii.“ (All 
quotes from the Project 2, Task II report, page 239. Italics are in original 
report.) 

The accompanying simulation results (Task IV) show an apparent incentive 
for the local refining industry to expand to serve export markets. BHP has 
found this option to be neither economic nor acceptable from a risk 
perspective. Indeed, utilizing the investment and revenue numbers from 
Scenario 5 in Task IV, the expansion project has less than a 1 % rate of 
return. This is not an appropriate level of return for a project of this 
magnitude. 

Utility gas prices (4.2.5.1.) 

In this section the report compares utility gas prices in Hawaii with the West 
Coast. Comparing West Coast natural gas prices with Hawaii’s synthetic 
natural gas (SNG) prices is not a fair or accurate comparison. Natural gas 
is an abundant, relatively low cost gas found on the Continental United 
States whereas Hawaii is capable of producing only SNG. The cost of 
SNG is comparatively higher because the feedstock used is priced against 

Energy Contingency Planning (9.2.7.) 

import parity. 

Recommendations for the Petroleum Industry (9.2.7.2.) 

Industry Lead #2. Use water fill as protection of petroleum storage 
,tanks. 

In cases of an impending tsunami or hurricane, the refinery 
would not be able to fill tanks fast enough with the current 
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city water system. In addition, at this time we do not have 
the capacity to handle the disposal of the water. 

Recommendations for the Gas Industry (9.2.7.3.) 

The comments that follow reiterate those major points in a letter submitted to 
the Energy Division dated August 11,1985. 

Industry Lead #l. Protect LPG barges used in interisland service. 

It is BHP’s normal procedure in cases of a tsunami waming to take 
the barge out to sea or to the side of the island that is not in danger. 
In cases of a hurricane, the barge is tied securely. 

Industry Lead #2. Install automatic shutoff valves on mainline gas 
pipelines for urban areas exposed to earthquake risk 

BHP remains concerned that there are unresolved technical issues in 
the reliability of these valves. The valves that have been located 
respond to earth movement caused by heavy equipment which 
would create nuisance shutoffs. 

Industry Lead #3. Provide maps showing locations of key shut off 
valves for underground gas utility systems to fire department 
officials. 

As a public utility, BHP Gas Company maintains close contact with 
the fire department and civil defense officials during emergency 
situations. However, because of the complexity of portions of OUT 
utility system, BHP Gas Company must be involved in discussions 
regarding shutting down systems. 

Dr. James P. Dorian 

Dr. James P. Dorian, Fellow, East-West Center Program on Resources, Energy and 
Minerals provided the following comments in response to discussions at the HES 
Workshop in which energy savings resulting from the energy policy runs in ENERGY 
2020 were charactexized by another participant as the “birthing of a minnow” 
(see page A3-2). 

.. . . If I may I thought I would offer a comment about the ‘‘birthing of a 
minnow” remark made last week While everyone has a right to offer such 
comments I believe that this remark misses one important point - the 
negative repercussions of taking a do nothing approach to energy planning, 
which must be considered in addition to the seemingly small benefits 
accrued by having a proactive policy. While Hawaii’s dependency on 
imported oil may decline by only a few percentage points [7.$ percent in the 
scenario runs] over the next two decades given the implementation of the 
plan, reliance and vulnerability would likely increase if a particular strategy 
was not pursued. One only has to look to the United States energy situation 
today where the country is now importing more foreign oil than ever before. 
If, however, the United States had followed a comprehensive plan 
beginning in the 1970s as was proposed by President Nixon, perhaps we 
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would have reduced our oil reliance only slightly, but compared to today’s 
increased dependency that would be the most welcomed. 

Another comment I would like to make is perhaps obvious but still I believe 
it is important -- no matter what steps are taken in the years ahead, Hawaii 
will remain mostly dependent on imported oil, as was indicated clearly in 
your presentation. This fact needs to be openly acknowledged and accepted 
by politicians as well as business leaders in the state. Given this realization, 
the long-term energy plan becomes particularly useful in determining how 
best to deal with such a high level of oil dependency. Efforts need to be 
pursued which can ultimately provide for a more stable (though still 
dependent) oil position, such as diversification of sources of supplies, oil 
conservation, and perhaps the siting of a petroleum reserve on the mainland 
or elsewhere. Being heavily oil dependent does not necessarily imply 
extreme vulnerability. 

Hawaiian Electric Company, Inc. 

Mr. Allen Lloyd, Staff Executive Engineer, Hawaiian Electric Company, Inc., 
provided extensive comments and editorial suggestions. Where corrections were 
indicated, these have been incorporated into the report. The following represent 
comments expressing HECO views on several issues. 

1. 
2.2.3., page 2-2) advocated a new “Energy Agency.” HECO stated: 

The 1991 Hawaii Integrated Energy Policy recommendation 1 (Section 

In our view this is not a good idea for the following reasons: 

The state has a very severe budget problem and for this m o n  should 
not consider any new agencies or departments. 

DBEDT should continue to coordinate state economic development and 
energy policies. 

The state should avoid creating a new agency that would tend to overlap 
the authority and the responsibilities of the State Public Utilities 
Commission. 

[Editor’s note: Although this was arecommendation of the HEP in 1991, the state 
administration is not seeking to establish a new energy agency. The Legislature initiated a 
study of a possible energy commission based upon recommendations of the Energy and 
Environmental Summit participants which was completed in 1994. The study, by the 
Legislative Reference Bureau, recommended that an energy commission not be created and 
that DBEDT continue with its ongoing reorganization and strengthen its energy planning 
and policy function. The HEP recommendation is merely reported in the Hawaii Energy 
Strategy Final Report and is not a recommendation of the HES program.] 

2. HECO believes that the Hawaii Energy Strategy goals (Section 1.6.1., 
page 1-5) “can best be achieved through maximizing the ‘electrification’ of the state’s 
economy. It is only through electrification that all facets of our economy can effectively 
utilize coal, geothermal, biomass, wind, OTEC, and hydro-electric energy sources.” 
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3. HECO agrees with HES recommendations for cost-effective fuel substitution 
provided that the proposed substitutions minimize our state’s consumption of petroleum 
distillate fuel and reduce the combustion of petroleum products where people live and 
work. HECO also agrees that DSM measures could result in substantial energy savings. 

4. Regarding Figure 3-2, Potential for Current Renewable Energy Technology 
Options for the Island of Hawaii, HECO finds it “very hard to believe that a photovoltaic 
facility can provide clean, harmonic free, utility grade electric energy with full VAR support 
for 17 to 25 cents per kwh. 

In this context, HECO notes that “all of the electric utilities in Hawaii are evening peaking 
utilities. For this reason, intermittent sources such as these can only serve to reduce fuel oil 
consumption and cannot be substituted for firm dispatchable generating units like 
geothermal, OTEC, or coal-fired power plants. For your information, Hawaiian Electric is 
currently paying about 3 cents per kwh for fuel o r 7  

5 .  
‘can theoretically provide all the new generation required to satisfy projected energy 
demand increases in the state between 1995 and 2005’ [Key Findings and 
Recommendations of Project 3 (Section 3.3.7.1, page 3-21)] for the reason that (with the 
exception of biomass and solar thermal trough with auxiliary oil fired boiler) n ~ n e  of these 
technologies offer firm dispatchable power.” 

HECO “does not believe that the renewable energy sources listed in [Figure 3-21 

Firming up wind and photovoltaic with pumped hydro or DC battery 
can be very costly because two weeks of dispatchable energy cannot be 
stored in an economically sized storage system. 

If more than 3 or 4 percent of installed capacity is in wind 
generation, fast ramping storage systems are essential for smoothing out 
system frequency, covering short-term intemptions of supply, and 
optimizing VAR production, but unless these storage systems are relatively 
large, they will not be able to ride through two weeks of no sun (February 
1994) or three weeks of island-wide wind velocities below 12 hots when 
the great Pacific high pressure zone moves south and stalls over our state.” 
Editor’s note: Under such conditions, there is no reason that other 
generators, including oil-fired generators, could not be used to recharge a 
small battery backup system during off-peak hours.] 

HECO also does not agree that wind and wave projects could provide capacity value in 
Hawaii’s isolated and geographically constrained utility systems. They cited detailed 
infomation from several studies and summarize their concerns as follows: 

With respect to capacity, wind generators cannot be substituted in place of 
fully dispatchable generating units such as steam turbines (biomass, coal, or 
oil-fmd), combustion turbines, diesel engines, geothermal, or OTEC 
generators to provide firm capacity for our isolated island electrical systems. 

Because our islands are geographically small (less than 100 miles between 
South Point and Upolu Point), there is very little diversity in the prevailing 
winds during calm weather. 

Because periods of light winds (and overcast skies for photovoltaic 
systems) can last for several weeks at a time, economically sized (in terms 
of megawatt hours) storage systems would probably not be able to provide 
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firm back-up for these intermittent energy sources. [Editor’s note: As noted 
above, under such conditions, there is no reason that other generators, 
including oil-fmd generators, could not be used to recharge a small battery 
backup system during off-peak hours.] 

6 .  
Report, the statement was made that “gas sales were included because some 
electricity DSM or efficiency policies may shift electricity sales to gas.” HECO 
disagreed with the statement because: 

In several of the scenario rum in Chapter 8 of the Hawaii Energy Strategy 

We have strongly supported the policy that DSM programs should not 
be used for fuel switching. mitor’s note: the scenarios describe 
market reactions to DSM programs. The DSM programs themselves do 
not call for fuel switching. However, if someone with gas water heat 
decides to take advantage of a solar water heating DSM program, fuel 
switching would result.] 

The principal competitive market between gas and electric energy is 
water heating. A gas water heater will consume 16 times more energy 
than the electric back-up for a residential solar water heater with a 90 
percent solar fraction. A central gas water heater will consume 5 to 8 
times more energy than a commercial-size heat pump water heating 
system (600 commercial-size heat pumps are currently operating in 
Hawaii. 

7. HECO expressed disagreement with cost estimates for PV solar facilities in the 
Oahu Supply Portfolio (Table 8-2a in Chapter 8 of the Hawaii Energy Strategy Report. 
Alternative figures were not provided. 

8. 
Chapter 8 of the Hawaii Energy Strategy Report contained several “drastic measures” in 
the form of mandates. HECO believes these should be dropped from the report for the 
following reasons: 

HECO noted that the list of DSM measures considered in Section 8.2.2.1. in 

We do not believe that it is compatible with recent trends in public 
sector/private sector relationships. 

Enforcement would be extremely difficult. Because utilities in Hawaii 
are part of the private sector, they should not be involved in what are 
essentially police activities. Wtor’s note: there was no suggestion of 
utility enforcement.] 

We strongly believe that both rate and DSM incentives are the 
appropriate way to move the market in this regard. 

The promulgation and enforcement of building efficiency codes are the 
responsibility of the county councils and their respective building 
departments. 

Unfortunately, bagasse is no longer viable as a sustainable long-term 
source of boiler fuel for future generating units in Hawaii. w t o r ’ s  
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note: in the scenarios described, bagasse came from production of 
alcohol fuels.] 

9. HECO also expressed concern about the supply portfolios used for the 
policy scenario runs in ENERGY 2020. It should be noted, how ever,^ that these 
were the first policy scenarios run in the ENERGY 2020 model and further 
refinement would be necessary before using these to create an alternative plan. 
HECO’s comments about the specific supply options selected by the model were as 
follows: 

For Oahu (Table 8-14, page 8-19): 

45 MW of Oil Steam -- This is a very uneconomic size for an oil-fired 
steam unit for Oahu. Future oil-fired generation for Oahu would probably 
be limited to combustion turbines or combined cycle generating facilities. 

95 MW of Refuse -- H-POWER produces 46 M W  net. Is there enough 
refuse on Oahu to increase this type of generation by 200 percent [by 
2007l? m t o r ’ s  note: additional information about forecasted refuse 
volumes will be sought in the next iteration to establish a potential for refuse 
power. 

100 MW of OTEC -- This would be nice to have, but can Oahu’s 
economy afford it? mitor’s note: as noted in the report, selection was 
based upon relatively low costs provided by a potential developer. If the 
costs could be achieved, OTEC would be affordable; however, this is not 
yet clear.] 

30 M W  of Wave Power -- We do not believe that this is practicable. 
The permitting process killed a fresh water hydro project on the Big Island 
because it “might” have interfered with a salt water surfing site. We find it 
hard to believe that such a facility could ever be permitted on Oahu or 
accepted by the general public. 

For Maui (Table 8-15, page 8-19): 

75 MW of Biomass -- This could be considered if HC&S was convinced 
that federal sugar price policy would allow them to continue to produce 
sugar for another 40 years. Because bagasse is a “waste product” it has a 
“negative value” and makes a very economical boiler fuel. Substituting a 
biomass crop that is grown solely as a boiler fuel radically alters the 
economic equation. 

40 MW of Wind -- for such a heavy penetration of wind power 
generation, battery storage would be absolutely essential to stabilize system 
frequency on an isolated system with a 10 percent wind fraction. However, 
this does not constitute a “firm dispatchable source. . . . witor’s note: 
The proposed system does include battery backup which can be charged 
either by the wind generators, or, if they are not available, by other 
generators during off-peak hours. 

25 MW of Refuse -- We hope this option is something that the County of 
Maui can afford. @ditor’s note: Based on our cost estimates, this is a cost- 
effective option.]. 
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For Maui (Table 8-16, page 8-20): 

20 MW of Combined Cycle -- We assume that this refers to the fust 
CT of a 58 MW dual train installation. [Editor’s note: It does refer to only 
a 20 MW CT. Under the plan developed in the policy scenario runs, all 
additional generation would be renewable and the other elements of the 
planned DTCC system would not be built. 

13.8 MW of Hydro -- This would be a desirable addition. However, 
because it is a “run-of-the-river” facility, it could not be considered a source 
of fm, dispatchable power. 

50 MM of Geothermal -- This would be very desirable. However, 
having a second base loaded geothermal plant on the Big Island may result 
in some minimum load dispatch problems which would have to be 
addressed. [Editor’s note: This would displace a planned oil-fired DTCC.] 

55 MW of Wind -- This would bring the Big Island’s wind fraction up to 
20 percent. HELCO presently has frequency stability problems with a 5 
percent wind fraction. Obviously, a large amount of battery storage would 
be absolutely essential for frequency stability reasons. A wind fraction of 
5 percent on an isolated system must be stabilized by battery storage and 
backed up with diesel engines or CTs. [Editor’s note: Batteries are paired 
with the wind resource in the policy scenario supply portfolios. The 
batteries, as noted above, could be charged by any resource at off-peak 
times if there were extensive periods without wind.] 

An extensive coordinated system control and stability study would have to 
be conducted to coordinate the operational characteristic of [the above 
s ys terns]. 

Dr. Ira S. Rohter 

Dr. Ira S. Rohter, Professor, Department of Political Science, University of Hawaii, and 
Convener, Hawai’i Research Program for Sustainable Development, offered the following 
comments: 

I first want to commend the Energy Division for a well conceived plan to 
come up with a revised Hawai’i Energy Strategy. The careful laying out of 
several inter-related components, culminating in a computer simulation 
model, deserves praise. Although I have some strong criticisms of some 
specific input parameters, we now have a highly transparent presentation of 
operating assumptions and a Simulation model that will allow LIS to chart the 
effects of quite different assumptions about future energy costs and policies. 

PROBLEM: WEAK PRICING ASSUMPTIONS PRODUCE A 
TRIVIAL PROJECTION FOR FOSSIL FUEL REDUCTIONS. 
As I listened to the presentations of assumptions guiding the adoption of 
various demand-side and renewable sources, I was struck with how overly 
cautions were the estimates of oil and coal costs in the future. These 
concerns were evident when you stated -- as I recall from the presentation -- 
that the best projection for 2020 if you adopted “cost-efficient” programs 
would result in only a 6% reduction of oil use, to somewhere in the low 80 
percent level. mitor’s note: Actually it would be a 7.5 percent reduction 
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by 2014. Additional reductions would require early retirement of oil-fired 
generation. Such early retirement was not justified by our oil price 
estimates, but as Dr. Rohter suggests, if prices were higher, they may 
become desirable.] 

As I voiced in my comments from the floor [at the HES Workshop], this 
minimal reduction in oil use, and increase in coal use (which produces 20% 
more CO, emissions than oil), simply flies in the face of other states’ and 
nations’ energy-reduction experiences and, especially their goals. Nearly 
every industrialized nation is looking to reduce their fossil fuel use by 20 to 
25 percent by the year 2005 or 2010. The European Commission is now 
debating a community-wide carbon tax. Germany has adopted the target of 
reducing CO, emissions 25 to 35 percent below its 1987 levels by 2005. 
Denmark has launched an “Energy 2020” plan that aims to reduce its CO, 
emissions to 20 percent below 1988 levels by 2005. The Netherlands has 
set similar goals, and, along with many other nations, is going ahead with 
specific plans to meet these goals. (Christopher Flavin and Odil T u n a  
“Getting Warmer: Looking for a Way to Get Out of the Climate Impasse,” 
WORLD-WATCH, M~~MApri l1995.  

Now either (1) Hawai’i’ s utilities resident staff is especially sharp in 
discerning what is really feasible, and the European experts are incompetent 
or dreamers, or (2) as I suggested, the assumptions about fuel costs, 
demand reduction, and alternative energy production you have accepted, are 
incredibly conservative, and out of touch with the rest of the world. 

@ditor’s comment: We used fuel cost estimates provided by the U.S. 
Department of Energy’s Energy Information Agency and did sensitivity 
analyses of model runs using high, medium, and low price estimates. 
Model runs found that new renewable generation was technically and 
economically feasible. We used mid-range estimates of renewable energy 
costs. However, since adding renewable generation was less costly than 
additional demand-side management measures, additional DSM options 
would be available at additional costs. The main difference in approach is 
perhaps that we did not retire any generation early and attempted to propose 
alternatives which would not significantly increase the cost of energy to the 
consumer.] 

For example, on page 3-9 [of the draft Hawaii Energy Strategy Executive 
Summary], you state: ‘Externality costs were not considered in this or 
other scenarios.” [Editor’s note: Elsewhere we did state that we had 
examined externalities in other (U.S.) jurisdictions. However, we did not 
find these, which focused primarily on air quality considerations suitable for 
consideration in Hawaii and we did not attempt to develop externalities 
specXc to Hawaii in this program. We are participating in the effort to 
develop Hawaii-specific externalities as members of the HECO Externalities 
Advisory Group as part of the PUC-mandated IRP process.] For a 
document written in 1995, this assertion is incredulous! Many states and 
nations have accepted “externalities” in their calculations to establish true 
cost pricing, so that they can support demand reduction efforts and realistic 
pricing for renewable energy generation. Although Hawaiian Electric’s 
representatives have been dragging their collective feet on aclcnowledging 
externalities for years, the rest of the world is getting on with it. 
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In Western Europe, more than 50 utility-sponsored efficient lighting 
programs have been undertaken in 11 nations between the years 1987 to 
1992. The California utilities have spent billions since 1980 on DSM 
programs [chart provided is not reproduced here]. Experts at the Lawrence 
Berkeley Laboratory estimate that DSM programs can reduce total energy 
investment in the industrial world by 50%, saving $700 billion. (David 
Roodman, “Power Brokers: Managing Demand for Electricity,” WORLD- 
WATCH, NovemberDecernber 1993.) [Editor’s note: Hawaii’s utilities 
plan efficient lighting programs as part of their JRP-mandated DSM 
programs. They are awaiting PUC approval. We also proposed and 
modeled additional lighting programs in ENERGY 2020. We clearly fully 
support Dr. Rohter’s point.] 

In terms of electricity generated by solar thermal and wind, again we are 
presented with pricing estimates that are too conservative. Remember, we 
are planning for the next century, and should not remain stuck in the past. 
The latest generation of wind turbines, for example, produce power reliably 
at a cost of 7 cents per kilowatt hour -- which is a price consumers on the 
Neighbor Islands might find attractive, compared to the price they now pay. 
The new generation of super-efficient wind turbines being designed in 
Europe by partnerships between private firms, research institutes and 
governmen& expected to be ready about the year 2000, will reduce 
generating costs to about 4 cents a kWh. (Derek Denniston, “Second 
Wind,” WORLD-WATCH, M~~WApril1993.) 

SOLUTION: USE EXTERNALITIES ESTIMATES TO 
ESTABLISH “TRUE COST” PRICING FOR FUTURE FOSSIL 
FUEL REDUCTIONS. Carbon taxes and goal setting will become 
accepted ultimately as the US. faces the reality of global warming (see 
“Getting Warmer” and “Climate Policy: Showdown in Berlin,” by 
Christopher Flavin, WORLB-WATCH, July/August 1995.) It is absurd to 
be planning for the building of additional fossil-fueled generating plants 
when the state and utilities have hardly done any DSM programs, and 
Hawai’i is one of the best sites in the world for generating renewable power 
and growing biomass fuels. 

SOLUTION: BACK-RUN THE MODELS WITH SET GOALS 
to see what kinds of cost figures and DSM programs would be required to 
meet national goals. If we wish to reduce our fossil fuel consumption by 
25% by the year 2025, what steps will we have to take? Of course this is 
hardly easy because the simulation model is so complex, but there are some 
plausible scenarios that might be laid out For example, most economic 
models assume linear growth in population. Play with some lower 
estimates. What happens if electric vehicles are adopted by 25% of the 
population (let alone if this figure were to rise to 75%, a reasonable guess of 
how many of us travel less than 150 miles pes day in our automobiles.) 
What happens if HECO were to adopt DSM programs matching those 
established by California’s Pacific Gas and Electric and other Mainland 
utilities. It’s amazing what can be accomplished, once the utilities, and 
government agencies with all their expertise and staB, decide to adopt a 21st 
Century philosophy and seriously embark on present-day advanced 
practices. 
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In sum, I want to endorse your carefully considered steps to now. But I 
hope you will embolden the Report’s conclusions, and lay out a series of 
recommendation for the State to work in partnership with the private sector 
and citizens, who share the common vision of moving towards a sustainable 
energy-use strategy for Hawai’i. 

Thank you. 

Dr. Luis A. Vega 

Dr. Luis A. Vega, Manager, Ocean Energy Programs, The Pacific International Center for 
High Technology Research, stated his belief that additional attention should be paid to the 
potential of Ocean Thermal Energy Conversion (OTEC) for Hawaii. He submitted the 
following summary of progress in the development of OTEC for Hawaii: 

It has been more than a year since we first transformed the solar energy 
stored in our ocean waters into useful electricity. We accomplished this 
using a small experimental ocean thermal energy conversion (OTEC) p l h t  
at Keahole Point. In 1994, we began to also produce fresh water. This 
work, and work by others, shows that we can indeed make use of the 
energy stored in the relatively small temperature difference between our 
surface ocean waters and those from half a mile deep to produce electricity 
and fresh water. 

There a, basically, two approaches to the extraction of thermal energy 
from the oceans. One is refemd to as “close-cycle” and the other as “open- 
cycle”. In the closed-cycle, warm surface seawater and cold deep seawater 
are used to vaporize and condense a working fluid, such as ammonia, 
which drives a turbine generator in a closed loop, producing electricity. In 
the open-cycle, surface seawater is evaporated in a vacuum chamber. The 
resulting low-pressure steam is used to condense the steam after it has 
passed through the turbine. The open-cycle can, therefore, be configured to 
produce fresh water as well as electricity. 

The success of our small experimental plant at Keahole point has been 
helpful in establishing the credibility of OTEC. Sixteen years ago, with the 
price of fuel twice the present value and climbing, and with a successful at- 
sea experiment with MINI-OTEC, federal funding for OTEC development 
was ample. Optimistic proclamations were made with promises for 
implementation “around the cornef‘. These promises were not kept because 
the funding for solar energy development was curtailed with a change of 
administration in Washington and citizens were left with excellent paper 
studies and wonderful memories of what might have been. 

With the help of some visionary federal bureaucrats and support from the 
State of Hawaii, we were able to obtain 12 million dollars (half from our 
state) to fund the small open-cycle OTEC experimental facility for the 
production of electricity and fresh water. Our facility also helps us explain 
OTEC to federal and state officials, as well as to our citizens, using “real” 
equipment instead of computer models. 

This open-cycle OTEC facility has been operational since December 1992, 
and has produced up to 250 kilowatts (kW or thousand Watts), using 
150 kW to operate the plant, resulting in 100 kW of useable electrical power 
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and 7,000 gallons of f m h  (desalinated) water per day. These are world 
records for OTEC. 

When considering electrical energy in Hawaii, it is important to know that 
the residential and commercial demand for our one million residents is 
mostly satisfied with fossil fuel power plants operating throughout the state. 
These plants amount to approximately 1,OOO megawatts (MW or million 
Watts) capacity. In other words, a society like ours needs about 1 M W  for 
each 1,OOO residents. Some projections indicate that in the next 30 years, 
the capacity of our power plants will have to be doubled (as the population 
will double) and that most of the existing plants will have to be replaced. 

While birth control could be used to contain our population, and energy 
conservation technologies (e.g., solar water heaters, deep ocean water for 
air conditioning, improved building design tailored to our climate, etc.) 
should be further implemented to meet additional demand, the aging power 
plants must eventually be replaced, and they can be replaced with 
renewable energy power systems. 

Is there a Hawaiian renewable resource that could be used to meet demands 
for electricity on the order of 1,0oO MW? Yes, OTEC plants make use of 
the ocean resource that is abundant in Hawaii. 

How about environmental effects? They are minuscule compared to fossil 
fuel power plants. Perhaps the best way to illustrate this is by quoting a 
comment made by a federal official while touring the experimental OTEC 
facility: “There is no smokestack.” 

Are OTEC plants cost effective? Yes, under certain assumptions 100 Mw 
OTEC plants could be cost effective in Hawaii. I envision a future with 
several floating OTEC plants deployed throughout our ocean providing all 
the electricity and much of the fresh water required to maintain our standard 
of living. 

How do we get from here to a future in which OTEC plays a leading role in 
Hawaii? The next step required before we can turn OTEC over to the power 
company is to obtain a “track record”. We need to determine how many 
hours per year an OTEC plant can work (capacity factor) before major 
repairs are required (rife cycle). Without this information, our economic 
paper studies are just that. The “track record” has to be obtained from the 
operation of a scaled version of a commercial size plant. Our present facility 
is too small (250 kW or 0.25 MW) to be scaled up to 100 MW.  A 5 MW 
demonstration plant operated for at least two years should be adequate. 
This last step requires a commitment on the order of 100 million dollars. 
This is a large amount of money for our state governmen& but relatively 
smaU for the federal government. Our challenge is to find a way to 
approach Washington and obtain the support required to implement OTEC 
in Hawaii. 

Come and visit our experimental facility at the Natural Energy Laboratory of 
Hawaii flocated at Keahole on the Big Island] and you will see that OTEC 
can play a major role in the future of our state. 
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