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Disclaimer

This report was prepared as an account of work sponsored by the United
States Government. Neither the United States nor the United States
Department of Energy, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial
product, process, or services by trade name, mark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any
agency thereof.
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CHAPTER 1: THE HAWAIl ENERGY STRATEGY PROGRAM
1.1. HAWAIl ENERGY STRATEGY PROGRAM OVERVIEW

The HES program began on March 2, 1992 under a Cooperative Agreement with the
United States Department of Energy (USDOE). The seven projects of the HES program
were designed to increase understanding of Hawaii's energy situation and to produce
recommendations to achieve the state energy objectives of dependable, efficient, and
economical state-wide energy systems capable of supporting the needs of the people, and
increased energy self-sufficiency.

1.2. HAWAIl ENERGY STRATEGY PROGRAM AND STATE ENERGY
OBJECTIVES

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 produced recommendations to
achieve the statutory energy objectives outlined in Section 226-18(a), Hawaii Revised
Statutes (HRS), as amended by Act 96, Session Laws of Hawaii (SLH) 1994, of planning
for:

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

» Increased energy self-sufficiency where the ratio of indigenous to imported
energy use is increased;

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

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

* Moderate the growth in energy demand through conservation and energy
efficiency;

s Displace oil and fossil fuels through alternate and renewable resources;
* Promote energy education and legislation;

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

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

1.3. ROLE OF THE STATE ENERGY RESOURCES COORDINATOR

The HES program was conducted by the Energy Division of the State of Hawaii
Department of Business, Economic Development, and Tourism (DBEDT), under the
direction of its Director, in the Director’s statutory role as State Energy Resources
Coordinator as established by Section 196-4, HRS.
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1.4. STATE OF HAWAII ENERGY POLICY STATEMENT

The HES program also implements the provisions of the State of Hawaii Energy Policy
Statement, which was developed cooperatively with the state’s Energy Policy Advisory
Committee:

Hawaii's energy objective is to ensure a dependable, efficient, and
economical energy system capable of supporting Hawaii's energy needs,
while increasing the state’s energy self-sufficiency and energy security.
This objective will be met through increased efficiency 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. "Integrated energy planning” results in minimum energy
cost plans through full consideration of future 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 efficiency measures and
diversification of energy supplies shall be given priority consideration in
reducing this overdependence and increasing energy security.

Energy efficiency is vitally important for future economic growth, energy
security, and protection of the environment. Energy efficiency 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 those resources which have high commercialization
potential and high benefit/cost ratio. The incorporation 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
Juel far exceeds the national average, is significant because it presently has
the greatest potential for improvement in the efficiency of energy use as well
as for a major shift from 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 identify an optimum mix of energy
resources, considering all reasonable supply- and demand-side options.

Liquid fuel requirements for transportation account for approximately two-
thirds of the energy consumed in the state. In this regard, the state shall
promote improved energy efficiency 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 commercialization activities which occur
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elsewhere. Therefore, the state shall emphasize improved energy efficiency
in transportation planning, construction and management, and shall position
itself to take maximum 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
establishment of adequate petroleum reserves, or guaranteed emergency
access to the nation's Strategic Petroleum Reserve, to meet critical needs in
the event of such disruptions.

Development and implementation of an effective 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
Dplanning, the adoption of cost-effective energy conservation practices within
government facilities and operations, and in the support and encouragement
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 development
activities and also play a major role in public education and information
concerning state energy policy and programs.

1.5. HES PROGRAM GENESIS
1.5.1. Hawaii's Energy Problem

Hawaii depends on imported oil for about 90% of its energy, by far the highest of any state
in the nation. In the event of a disruption in the world oil market, which would likely
include a rapid price increase, Hawaii’s economy and way of life would certainly be
adversely affected. Currently, 40% of Hawaii's oil comes from Alaska and the remainder
from the Asia-Pacific region. The export capabilities of both of these sources of supply are
projected to decline significantly by the year 2000. This will likely increase Hawaii's
dependence on the oil reserves of the politically unstable Middle East.

Hawaii is also vulnerable to possible interruptions of its supply 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,
make timely emergency deliveries directly from the reserve 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 poliutants, 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 places added value on energy efficiency and renewable energy, but could result in an
increase in the market price of energy to consumers. However, overall energy costs could
decline for those energy users who take advantage of the large variety of demand-side
management, energy efficiency, and renewable energy options.

1.5.2. Hawaii's Energy Resource Potential

Hawaii has significant, yet relatively untapped, renewable energy resources and energy-
efficiency potential. Biomass, wind, solar, geothermal, hydroelectric, wave and ocean
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thermal energy conversion resources can provide clean, stable sources of energy supply.
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.

1.5.3. The Hawaii Integrated Energy Policy Program

In 1990, all of these considerations, coupled with the fact that Hawaii was no less
dependent on imported oil today for its overall energy needs 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 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 HEP, between 1990 and 1991, 57 individuals representing 34 agencies
and organizations served on the various Hawaii Integrated Energy Policy 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 IRP 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 Hawaii
Integrated Energy Policy public review meetings was conducted.

1.5.4. Congressional Action

During Congressional hearings 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) was doing to assist Hawaii to decrease its extreme
oil dependency. This question and subsequent discussions led to a special appropriation,
introduced by Senator Daniel Inouye, to support a USDOE/State of Hawaii co-managed
program to produce an integrated energy strategy for the State of Hawaii with a focus on
reducing Hawaii’s energy vulnerability.

1.5.5. The Hawaii Integrated Energy Policy and the Hawaii
Energy Strategy

The HES program provided an opportunity to make many of the specific recommendations
of the HEP operational; for example, HES increased the DBEDT Energy Division staff's
technical knowledge and improved the state's energy analysis capability by developing a
comprehensive energy modeling system.
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1.6. HAWAII ENERGY STRATEGY PURPOSE AND OBJECTIVES
As outlined in the Statement of Joint Objectives:

The purpose of the study is to develop an integrated State of Hawaii energy
strategy, including an assessment of the state's fossil fuel reserve
requirements and the most effective way to meet those needs, the availability
and practicality of increasing the use of native energy resources, potential
alternative fossil energy technologies such as coal gasification and potential
energy efficiency measures which could lead to demand reduction. This
work contributes to the (US)DOE mission, will reduce the state's
vuln;rabz’lity to energy supply disruptions and contributes to the public
good.

1.6.1. Hawaii Energy Strategy Program Objectives

The HES program was designed to achieve the following objectives:

. Increased diversification of fuels and sources of supplies of these fuels;

. Increased energy efficiency and conservation;

. Development and implementation of regulated and non-regulated energy
development strategies with the least possible overall cost to Hawaii's
society;

. Establishment of a comprehensive energy policy analysis, planning, and
evaluation system;

. Increased use of indigenous, renewable energy resources; and

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

The HES is intended to assist State of Hawaii planners and policy makers, and other
members of the Hawaii energy community, in better understanding Hawaii's current
energy situation, developing and analyzing possible future energy scenarios, and
determining a preferred energy future for Hawaii.

The HES has 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, plan implementation 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.
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1.7. HAWAIl ENERGY STRATEGY ORGANIZATION AND PROCESS
1.7.1. The Hawaii Energy Strategy Projects and Consultants
The work of the HES program was divided into seven projects. The following is a list of
the projects and the consultants selected to assist the Energy Division Staff in developing
the program:
Project 1: Develop an Analytical Energy Forecasting Model for the State of Hawaii.
- Barakat & Chamberlin, Inc., and Systematic Solutions, Inc.
Project 2: Fossil Energy Review and Analysis.
- East-West Center Program on Resources.
Project 3: Renewable Energy Resource Assessment Development Program.
- R. Lynette & Associates
Project 4: Demand-Side Management Assessment.
- Barakat & Chamberlin, Inc., and NEOS Corporation

Project 5: Transportation Energy Strategy.

- Parsons Brinckerhoff Quade & Douglas, Hawaii Natural Energy
Institute, and Accurex, Inc.

Project 6: Energy Vulnerability Assessment Report and Contingency Planning.
- U.S. Department of Energy and U.S. Army Corps of Engineers
Project 7: Energy Strategy Integration and Evaluation System.
- Systematic Solutions, Inc.
1.7.2. 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 Committec (EPAC)
and formally established opportunities for participation by the general public.

1.7.2.1. TECHNICAL ADVISORY GROUPS

Technical Advisory Groups are 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 are 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 Director of DBEDT, 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

Hawaii Energy Strategy 1-6



technical review of Project 7, the Energy Strategy Integration and Evaluation System,
involved the IG as a whole.

1.7.2.2. 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 to provide them
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 took advantage of this offer.

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/or offer comments.

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 workshop 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

A third and final set of workshops was held on September 20, 1995, after the draft HES
report was completed. The workshop provided the general public with program results and
a final opportunity to provide recommendations before the report was finalized. A record
of the third Hawaii Energy Strategy Workshop comments is provided as Appendix 4 of this
report.
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CHAPTER 2. HAWAII ENERGY POLICY DEVELOPMENT
2.1. INTRODUCTION

Development of energy policy in Hawaii is a continuing process. The Hawaii Energy
Strategy (HES) program is built upon past efforts. It is a direct descendent of the Hawaii
Integrated Energy Policy Development Program of several years ago. It also currently
supports Department of Business, Economic Development, and Tourism (DBEDT) Energy
Division participation in Integrated Resource Planning mandated for Hawaii’s utilities by
the Public Utilities Commission (PUC). The recently developed Model Energy Code is
another, concurrent step toward advancing Hawaii’s energy objectives.

National legislation also affects energy policy development in Hawaii. Notable among
these are the National Energy Policy Act of 1992 and the U.S. Intermodal Surface
Transportation Efficiency Act of 1991.

In addition, other groups are secking their own way towards an improved energy situation
for Hawaii. Outstanding among these efforts was the State Legislature’s Energy and
Environmental Summit Process in from mid-1993 to the end of the 1994 Legislative
Session.

This section provides a summary of these efforts.

2.2. HAWAII INTEGRATED ENERGY POLICY DEVELOPMENT
(HEP) PROGRAM

2.2.1. HEP Program Purpose and Process

The Hawaii Integrated Energy Policy (HEP) development program was publicly unveiled
and initiated at a 1989 state-run energy workshop. The goal was to produce a
comprehensive, integrated state energy policy and process to help Hawaii accomplish its
energy policy objectives.

The following were some key HEP program elements:

¢ HEP was comprehensive in scope. It looked at the total energy system from
transportation and utility energy to energy emergency planning to the
government energy policy and management function;

s Component task forces focused on issue identification to develop and
recommend solutions to the energy issues they had identified;

s HEP task forces were representative of Hawaii's "energy community”; e.g.,
environmental groups, oil companies, all levels of government, energy utilities,
independent power producers, etc. The Energy Policy Advisory Committee
(EPAC) was the HEP program's steering committee, comprised of the
executive leadership of Hawaii's energy community. HEP's Integration Group
was a senior staff level working group of the EPAC, which integrated the
various task force reports into the final Hawaii Integrated Energy Policy Report,
December 1991; and
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e The HEP was an open, public process, which began with public input at the
1989 workshop and concluded with a state-wide public review process on all
major islands in 1991.

2.2.2. Hawaii Integrated Energy Policy Conclusions
In 1991, HEP concluded that:

1. The state should address the institutional strengthening of its energy
program, and provide state resources when the Federal energy program
funding expires. This conclusion also included the need to institute a
comprehensive and integrated state-wide energy planning process, to be
conducted on a biennial basis;

2. More focused and prioritized renewable energy research & development
efforts are needed if the state is going to significantly commercialize its
wealth of renewable energy resources;

3. Energy conservation and efficiency deserve much greater emphasis in
Hawaii's energy mix;

4. The state is becoming increasingly vulnerable to oil supply and price
disruptions as Hawaii's and the Asia/Pacific region's source of supply
shifts to the politically volatile Middle East;

5. State energy planning and policy development should be expanded to
include the largest petroleum consuming sector -- transportation; and

6. Hawaii is no more energy self-sufficient now than it was in 1974 when its
policy of energy self-sufficiency was first established.

2.2.3. Hawaii Integrated Energy Policy Recommendations
HEP's principal recommendations were:

1. Create a new energy agency, with the intent of increasing the stature of, and
administrative emphasis on, energy activities;

2. Prepare and publish a biennial Hawaii Energy Plan to replace the Energy
Functional Plan;

3. Amend the Hawaii State Plan, Chapter 226-18, HRS, to include an
additional energy objective to “ensure energy security” and an additional
policy to “promote alternate fuels and energy efficiency by encouraging
diversification of transportation objectives and infrastructure”;

4. Prepare and publish a comprehensive renewable energy and energy
efficiency research and development strategy with specific resource
assessments, basic and applied research, and commercialization and
implementation activities; and

Hawaii Energy Strategy 2-2



5. Analyze the effectiveness of transportation energy policy objectives,
including public transit, energy pricing and other fiscal policies, and
infrastructure changes, that will reduce demand for petroleum based fuels.

Thirty-three separate recommendations were made to address the program’s findings and
add specificity to the principal recommendations above. Many recommendations have
already been acted upon or were carried out in the HES program.

One example of a HEP recommendation that has been implemented is Act 182. Act 182,
SLH, 1992, was a comprehensive "overhaul" of the state's energy emergency
preparedness (EEP) statute, Chapter 125-C, HRS. Essentially, the act set a requirement to
expand the state's EEP program to include energy emergency preparedness for and
response to natural disasters as well as energy supply disruptions; instituted a biennial
energy emergency planning requirement for the state and counties; and appropriated
$250,000 for state and county energy emergency contingency planning. The Act 182
project will produce coordinated state and county energy emergency plans consistent with
State of Hawaii Civil Defense and federal response plans.

Examples of HEP recommendations implemented through the HES program are the state-
wide renewable energy resource and demand-side management (DSM) assessments
conducted as HES Projects 3 and 4. HES Project 5 supported the HEP's transportation
energy recommendations. Consistent with HEP and HES recommendations DBEDT has
initiated a reorganization which, if approved, will formalize the energy planning process.

The reader is invited to refer to the December 1991 Hawaii Integrated Energy Policy Report
for more details.

2.3. HAWAIPS INTEGRATED RESOURCE PLANNING (IRP)

IRP is an approach to regulated utility planning which evaluates all potential energy
options, including supply-side management (energy-production by conventional fuels and
renewable energy resources) and demand-side management (energy conservation,
efficiency and load management) as well as the social, environmental, and economic costs
of these options. The goal is to meet consumer energy needs in an efficient and reliable
manner at the lowest reasonable cost.

2.3.1. Background to Integrated Resource Planning in Hawaii

In May 1987 the state agencies most involved with energy planning and regulation joined
with the Hawaii Chamber of Commerce to sponsor a workshop on IRP issues. The
participants, which included all four of Hawaii’s electric utilities, agreed that
comprehensive energy planning is necessary to orderly fulfillment of the state’s energy
needs in the regulated utility sector.

As a result of the workshop, the Hawaii Public Utilities Commission (PUC) established an
IRP Task Force composed of representatives of the electric utilities and the state agencies
involved in energy planning and regulation. The Task Force evaluated long-term planning
practices of the state’s utilities and recommended development of an IRP framework
applicable to all energy utilities, including Hawaii’s single gas utility. The five regulated
utilities are Hawaiian Electric Co., Inc. (HECO); Maui Electric Company, Inc. MECO);
Hawaii Electric Light Company, Inc. (HELCO); Kauai Electric Division of Citizens
Utilities Company (KE); and BHP Gas Company.
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In January 1990 the PUC instituted a proceeding to require the five energy utilities to
implement IRP. As part of this proceeding, the PUC held a series of technical workshops
to foster a common understanding of IRP principles among all parties. At the request of
the parties, a collaborative process developed a consensus among parties on key issues
affecting development of an IRP framework. The product of the collaborative process was
a document detailing consensus of the 20 parties on IRP goals, objectives, and
terminology.

2.3.2. The Public Utilities Commission Decision and Order

In May 1992 the PUC issued Decision and Order 11630 in the Proceeding to Require
Energy Utilities in Hawaii to Implement IRP (Docket No. 6617). Appended to this order
was A Framework for Integrated Resource Planning which details the goal, governing
principles, responsibilities, and requirements for IRP in Hawaii.

2.3.2.1. THE GOAL OF IRP
The Framework stated the goal as follows:

The goal of integrated resource planning is the identification of the resources
or the mix of resources for meeting near and long term consumer energy
needs in an efficient and reliable manner at the lowest reasonable cost.

2.3.2.2. IRP GOVERNING PRINCIPLES
The governing principles are a statement of policy by the PUC. They include:

1. The development of integrated resource plané is the responsibility of each
utility.

2. IRPs shall comport with state and county environmental, health, and safety
laws and formally adopted state and county plans.

3. IRPs shall be developed upon consideration and analyses of the costs,
effectiveness, and benefits of all appropriate, available, and feasible supply-
side and demand-side options.

4. IRPs shall give consideration to the plans’ impacts upon the utility’s
consumers, the environment, culture, community lifestyles, the state’s
economy, and society.

5. IRPs shall take into consideration the utility’s financial integrity, size, and
physical capability. .

6. IRP shall be an open public process. Opportunities shall be provided for
participation by the public and governmental agencies in the development
and in commission review of IRPs.

7. The utility is entitled to recover all appropriate and reasonable integrated
resource planning and implementation costs. In addition, existing
disincentives should be removed and, as appropriate, incentives should be
established to encourage and reward aggressive utility pursuit of demand-
side management programs. Incentive mechanisms should be structured so
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that investments in suitable and effective demand-side management
programs are at least as attractive to the utility as investments in supply-side
options.

2.3.2.3. RESPONSIBILITIES AND REQUIREMENTS

Each utility is assigned the responsibility for developing its plan or plans to meet its
customers’ energy needs and submitting the plan according to the schedule set by the PUC.
The PUC determines whether the plan is a reasonable course for meeting those energy
needs and whether it is in the public interest and consistent with the goals and objectives of
IRP. Hearings are held to consider each plan application. The Director of Commerce and
Consumer Affairs ensures that the IRPs promote the interest of utility consumers and is a
party to each docket.

2.3.3. Hawaii’s First IRP Cycle

The first cycle of utility planning under the new IRP framework began with the PUC’s
May 1992 order. Beginning in May 1993 and continuing through the end of 1993, the
utilities filed their first IRPs for PUC approval. Each utility will conduct a major review of
its IRP every three years, adopting a new 20-year time horizon.

Each plan details the utility’s needs over the next twenty years to meet the forecasted energy
demand for its service area. The plan includes a forecast, supply-side options, demand-
side options, a description of the analysis and bases for the plan, and a five - year action
plan to implement the plan. Assumptions, uncertainties, risks, and costs and benefits are
identified.

DBEDT actively supported the concept and implementation of the IRP process for Hawaii.
The DBEDT Energy Division participated in each utility’s advisory groups in the areas of
integration, forecasting, DSM, and supply-side management to assist in developing the
initial IRPs.

DBEDT intervened in all five utilities IRP dockets to ensure that the IRP plans were robust
and effective, and comported with state energy policy. Throughout its participation in the
first IRP cycle, the DBEDT Energy Division aggressively maintained that it is both possible
and desirable for the utilities to align their IRPs more closely with state energy objectives.

More specifically, DBEDT has identified its role in the IRP process as follows:

° To develop multi-fuel forecasts of consumer energy needs independent of
utility forecasts;

° To develop independent assessments of demand- and supply-side resources;

° To encourage the utilities to implement aggressive, cost-effective demand-
side management programs;

° To encourage the utilities to make maximum use of the state’s renewable

energy resources; and
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o To facilitate reviews of IRP proposals by appropriate state agencies and
county governments

Demand-side management (DSM) refers to any utility activity aimed at modifying the
customer’s use of energy to produce desired changes in energy demand. DSM is an
integral part of IRP and offers the potential of lower utility bills for customers over the long
term and deferral of major plant investments to the utilities. Resource limitations prohibit
DBEDT from intervening in each utility DSM program docket but its Energy Division
selects dockets for participation where complex policy issues will be considered, such as
fuel choice, or where the amount of energy savings will be significant (for example,
residential water heating which is over 40 percent of residential demand).

2.3.4. Expected Effects of IRP on Hawaii’s Energy Future

Implementation of IRP will have the following impacts on the state. It will:

1. Lower energy bills over the long term.
2. Enhance the reliability of Hawaii’s energy systems in three ways:
° The DSM resource will increase relative to the state’s overall mix of
resources;
o Transmission and distribution constraints can be relieved by

developing DSM programs to specific geographic areas and
distributed renewable generation systems; and

° Emphasis on renewable resources will increase potential for greater
fuel diversity for supply-side resources.

3. Develop industry and new employment opportunities around DSM
activities.

4. Provide alternatives to the fuels and power technologies traditionally
employed by the regulated utilities; private power producers will have a
greater opportunity to become energy providers, with utility customers
benefiting from increased competition.

5. Enhance energy utility regulation by providing routine utility resource plan
filings on a regular 3-year cycle.

6. Increase public involvement in utility planning. The utilities have each
appointed advisory groups and the public is given an opportunity to
comment in utility planning dockets.

7. Reduce environmental impact of utility supply production by including
quantification and qualitative assessment of externalities in the IRP process.

IRP is a positive effort towards improving the efficiency, and potentially the diversity, of
Hawaii’s utility system. Itis already clear that the utilities will have stronger resource plans
as the result of implementing IRP, are serious about DSM, and are evaluating renewable
energy.
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2.4. HAWAIl MODEL ENERGY CODE
2.4.1. Purpose

The purpose of the Hawaii Model Energy Code was to bring Hawaii's new and renovated
buildings in line with 1990's technology and to reduce the energy costs (and hence the cost
of living) for all Hawaii's people, for this generation and generations to come. Energy
efficient building designs result in reduced energy costs and fuel use and, given Hawaii’s
dependence on oil, help mitigate the effects of increases in oil prices. Reduced energy
consumption also contributes to the protection of the environment. The code does not
require the most efficient design possible, but requires a minimum level of efficiency that is
demonstrably cost effective in all sectors of the economy.

The code sets forth design requirements for the efficient use of energy in new commercial
and residential buildings and during the retrofit of existing commercial and residential
buildings. The requirements apply to building envelope; distribution of energy; systems
and equipment for ventilating, air-conditioning, service water heating, lighting, and energy
management. These requirements assure the application of cost effective design practices
and technologies which minimize energy consumption without sacrificing either the
comfort or productivity of the occupants.

2.4.2. Development of the Hawail Model Energy Code

Over the period of five years through 1994, DBEDT developed the Model Energy Code
with the assistance of Eley Associates of San Francisco. Eley Associates is a nationally
recognized firm which was heavily involved in developing the American Society of
Heating, Refrigerating and Air Conditioning Engineers’ (ASHRAE) Standard 90.1 and
California’s Title 24, which address building efficiency. Most of the Hawaii Model Energy
Code is adapted directly from the ASHRAE 90.1 standard with modifications to make the
code more appropriate to Hawaii's climate.. Provisions relating to the building envelope
and water heating systems were developed in response to the unique conditions of Hawaii
and differ somewhat from the parent standard. The Hawaii Model Energy Code is unique
in including requirements for the design of low-rise residences. ASHRAE 90.1 deals only
with commercial buildings.

The development of the Model Energy Code included holding numerous public meetings,
as well as meeting with design and construction organizations, code enforcement officials,
and the Model Energy Code Task Force, which consisted of a cross section of the design,
construction and code-enforcement communities.

2.4.3. Adoption of the Model Energy Code

The State Legislature recognized the importance of the Model Energy Code by passing Act
168 during the 1994 Legislative Session. Act 168 required the counties to adopt an energy
code based on ASHRAE 90.1 by October 24, 1994. The Model Energy Code meets this
requirement.

Adoption of the Model Energy Code will bring Hawaii into compliance with the federal
Energy Policy Act of 1992 (EPACT). EPACT required each state to certify whether the
state has met or exceeded the requirements of ASHRAE 90.1 for commercial buildings and
whether the state has determined the appropriateness of meeting or exceeding the national
Model Energy Code for residences by October 24, 1994. Pacific Northwest Laboratories,
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on contract to the U.S. Department of Energy, evaluated Hawaii’s Model Energy Code and
determined that it met EPACT requirements for commercial and residential buildings.

The City and County of Honolulu adopted the Model Energy Code on October 27, 1994.
Low-rise residences were exempted from Honolulu’s ordinance. The ordinance allows a
180-day lead time for conformance with the code. The County of Hawaii adopted the code
on November 23, 1994, and also exempted low-rise residential buildings. The ordinance
took effect upon adoption. Kauai County will consider the code in fall of 1995 and Maui
County is expected to consider the code in winter 1994/1995.

2.4.4. Impact of the Model Energy Code

All measures in the Code are based on cost-effectiveness. The potential savings are
tremendous: over the 20-years after adoption, the Model Energy Code could provide
energy savings large enough to power over 28,500 homes a year. Hawaii will have
avoided consumption of over 4 million barrels of 0il in generating electricity which would
have cost customers about $241 million.

Adoption of the Model Energy Code makes Hawaii eligible to apply for federal funding to
conduct training and to receive technical assistance for design professionals and building
officials.

2.5. NATIONAL ENERGY POLICY ACT OF 1992 (EPACT)

The National Energy Policy Act of 1992, or EPACT, was signed by President Bush on
October 24, 1992. Included in the act are numerous provisions which are related to state
and county energy management. The following will summarize those provisions:

2.5.1. Model Energy Code

EPACT requires the states to certify to the Secretary of Energy that they have reviewed
their residential building codes as to whether they require revision to meet the Council of
American Building Officials' standards and that they meet or exceed the American Society
of Heating and Refrigeration, and Air Conditioning Engineers Standard 90-1 by October
1994. Hawaii’s response is outlined in the previous section.

2.5.2. Home Energy Efficiency Rating Systems (HERS) and
Energy Efficient Mortgages

The Energy Efficient Mortgage Program began in 1989 to provide technical assistance to
ensure that energy efficiency is considered throughout the design, financing, and
construction of residential projects. DBEDT Energy Division efforts led to the Federal
Housing Administration's (FHA) permitting Hawaii's lending institutions to increase a
home buyer's qualifying ratios by one percent whenever the buyer purchases a newly
constructed home with a federally approved solar water heating system. Efforts continue to
encourage other lenders to follow the FHA's requirements. The Division is continuing
efforts to develop national guidelines for HERS and to determine appropriate Hawaii
standards for energy efficiency technologies.

In this regard, DBEDT Energy Division support led to the passage of Act 255 by the 1992
Hawaii Legislature. This Act requires that, after January 1, 1992, the Housing Finance
and Development Corporation (HFDC) shall require, as a condition of approval of any
residential development project constructed with state funds located on state lands, or

Hawaii Energy Strategy 2-8



otherwise subsidized by the state, the installation of solar water heating equipment to heat
residential water according to the following percentages of units approved between 1992
and 19935: thirty percent in 1993, forty percent in 1994, and fifty percent in 1995. The Act
further requires that DBEDT adopt rules with respect to alternative water heating systems to
be installed in the remaining units not required to have solar water heating equipment.
DBEDT is required to submit a report to the Legislature in January 1996 evaluating the
overall life-cycle cost as well as energy efficiency in all types of water heating systems,
including solar water heating, installed by HFDC between 1993 and 1995. DBEDT has
developed rules for alternative water heating systems, an agreement with HFDC for joint
responsibilities, forms for reporting water heating usage, and a database for HFDC to use
for reporting purposes.

Section 102 of EPACT requires that the Secretary of Energy issue voluntary guidelines for
Home Energy Ratings and encourage consistency with the Energy Efficient Mortgage
Program. The DBEDT Energy Division is following this effort, but will wait until national
ratings are established before pursuing a Hawaii program.

2.5.3. Efficient Government Buildings

Another important way that Hawaii could save energy would be to increase energy
efficiency of government buildings, both to save taxpayers' money and to set an example.
Under EPACT, the Secretary of Energy may provide up to $1 million dollars to deposit in a
revolving fund to finance such improvements. The Administration asked the Legislature to
set up such a revolving fund during the 1994 session, but the measure did not pass.

2.5.4. Integrated Resources Planning (IRP)

A set of provisions call for electric and gas utilities to implement IRP. This is another area
where Hawaii is ahead of the EPACT. Hawaii's Public Utilities Commission (PUC)
implemented IRP in 1992, and all of Hawaii's utilities have already submitted their first
IRP as discussed above.

2.5.5. Tax Provisions

Tax provisions include exemptions for the value of subsidies provided by utilities for
residential customers to purchase energy conservation measures with partial exemptions for
nonresidential properties and deductions for clean fuel vehicles and certain refueling
properties. However, limits were placed on the exclusion of the cost of employer-provided
parking and transit passes from gross income. The State of Hawaii, mirrored the federal tax
incentive provisions in EPACT by enacting identical provisions in state tax law in 1993.

2.5.6. Renewable Energy

EPACT offers a 1.5 cents per kWh production credit to owners of qualified renewable
energy facilities using solar, wind, biomass, or geothermal energy.

2.5.7. Alternative Fueled Vehicles

There are also a number of provisions to encourage alternative fueled vehicles which relate
to fleet requirements and other actions. These provisions are discussed in detail in the
Project 5, Transportation Energy Strategy Final Report. Included is an electric motor
vehicle demonstration project; however, Hawaii is participating in another program funded
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by the Department of Defense's Advanced Research Projects Agency with the High
Technology Development Center as lead agency.

2.5.8. Climate Change Action Plan

Many of the programs in EPACT relating to energy efficiency are also part of the U.S.
Department of Energy's (U SDOE) Climate Change Action Plan (CCAP). Such efficiency
programs will reduce emissions which contribute to possible global warming and will
assist the US in meeting its treaty commitments.

2.6. U.S. INTERMODAL SURFACE TRANSPORTATION
EFFICIENCY ACT OF 1991

The purpose of Intermodal Surface Transportation Efficiency Act (ISTEA), adopted in
1991, is:

“to develop a National Intermodal Transportation System that is
economically efficient, environmentally sound, provides the foundation for
the Nation to compete in the global economy and will move people and
goods in an energy efficient manner.”!

ISTEA establishes a requirement for statewide transportation planning processes which are
to include the economic, energy, environmental, and social effects of transportation
decisions.

Hawaii’s transportation planners, along with transportation planners across the nation, are
now including energy and other considerations in their transportation planning efforts.

2.7. STATE OF HAWAIl ENERGY AND ENVIRONMENTAL SUMMIT
2.7.1. Purpose

The stated purpose of the Energy and Environmental Summit, a process led by the
members of the State Legislature in 1993 and 1994, was to identify and build broad-based
support and consensus on legislative initiatives that move Hawaii forward in the areas of
energy and the environment.

2.7.2. Structure and Process

The Summit process and organization was divided into two parts -- energy and the
environment. This section will describe the energy aspect of the Summit process and its
outcomes.

The sponsors of the Summit for energy were Senator Matt Matsunaga, Chair, State Senate
Science, Technology and Economic Development Committee; and Representative Duke
Bainum, Chair, State House of Representatives Energy and Environmental Protection
Committee. The Energy Steering Committee was chaired by Mr. Chip Higgins, with the three
subcommittees chaired as follows: Supply-side, Mr. Art Seki, Hawaiian Electric Company;

1 U.S. Department of Transportation, A Summary: Intermodal Surface Transportation Efficiency Act of
1991. FHWA-PL-92-008.
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Demand-side, Mr. Scott Derrickson, Hawaii Energy Coalition; and Transportation, and
M:s. Heidi Wild, BHP Americas.

The Energy Subcommittees met numerous times between June 1993 and the public Energy
and Environmental Summit Conference in October 1993. Using the public input obtained
at the October 1993 conference, the Energy Subcommittees continued to meet to refine
proposed legislation for consideration in the 1994 Legislative Session. In fact, some
subcommittees continued to meet during the 1994 Legislative Session to assist legislators in
further refinements of the energy initiatives proposed by their respective subcommittees.

The Energy Subcommittees were comprised of representatives from all sectors of Hawaii's
"energy community.” In addition to the general public attendees at the October conference,
the Summit Energy Subcommittees consisted of representation from energy organizations
of state and county governments, private and university energy research organizations,
public interest groups, independent power producers, energy service companies and
renewable energy systems suppliers, energy utilities, oil companies, the sugar industry,
and professional and trade associations.

The DBEDT Energy Division was actively involved in all three Energy Subcommittees.
The Division’s primary role was one of a technical resource to advise participants of energy
planning and policy issues, the state’s position on these issues, as well as actions the state
had taken or was planning to address these issues; for example, issues identified by the
HEP program and actions taken as a result thereof.

Generally, initiatives recommended by the Energy Subcommitiees required at least two
thirds majority of the subcommittee to be recommended to the Legislature. In many cases,
initiatives that were recommended were approved by the consensus of the many diverse
groups that comprised the subcommittee.

2.7.3. Summit Outcomes

Numerous legislative initiatives were offered by the summit. It may be instructive to look
at two examples of the legislative initiatives developed by the Summit process and
ultimately approved by the Legislature and Governor.

2.7.3.1. CHANGES TO THE STATE’S PLANNING LAW

First, Act 96, SLH 1994, resulted from recommended changes to the State Planning Law,
Chapter 226, HRS. It separated the energy functional area into an individual section within
the planning statute. The state energy policy objective to increase energy self-sufficiency
was clarified by defining self-sufficiency to mean “increased indigenous energy resources
used in proportion to imported energy use.” A third energy policy objective was added
requiring increased energy security in the face of threats to Hawaii's energy system and
supplies. A very important requirement regarding energy planning and energy resource
selection calls for a reasonably comprehensive and in-depth accounting of direct and
indirect costs and benefits to ensure that “externalities”, such as social, cultural and
environmental effects are considered in energy planning and resource selection. Finally,
added emphasis was placed on energy efficiency and the use of alternate fuels within the
transportation energy sector in both the energy and transportation sections of the State Plan.
This measure was consistent with HEP program recommendations, and provided statutory
support for the PUC’s IRP requirement for energy utilities to factor externalities into their
resource planning activities.
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2.7.3.2. PUC DOCKET ON RENEWABLE ENERGY

SCR 40, SD 1, 1994, Requesting a Study on the Facilitation of Renewable Energy
Resources Utilization was a resolution which evolved from a Summit initiative. It
requested that the Hawaii PUC open an informational docket on the facilitation of
renewable energy resource use in Hawaii. This resolution evolved out of a number of
Energy and Environmental Summit bills aimed at increasing renewable energy resource use
in Hawaii, but which may not have had adequate data to substantiate the incentive or policy
proposed and consensus among summit participants could not be reached.

On August 11, 1994, the Hawaii PUC issued Order 13441, Instituting a Proceeding on
Renewable Energy Resources, Including the Development and Use of Renewable Energy
Resources in the State of Hawaii [Docket Number 94-0226]. The purpose of this docket
will be to include, but not be limited to: "a comprehensive review of (1) regulatory policies
and procedures used in other states to facilitate the development and use of renewable
resources; (2) regulatory or statutory incentives for utilities to develop, purchase, and
utilize renewable energy sources; (3) the feasibility of using wind systems to satisfy a
greater proportion of Hawaii's energy needs; and (4) adoption by electric utilities of "green
pricing” and other administrative and technology options which facilitate or use renewable
energy systems.” As requested, the PUC intends to report the findings of Docket 94-0226
and recommend legislative and regulatory initiatives to the 1996 Legislature. The DBEDT
Energy Division has been an active participant in the work on this docket.

2.8. HAWAII'S ENERGY EMERGENCY PREPAREDNESS (EEP)
PROGRAM REVITALIZATION

In response to Hawaii's vulnerability to energy emergencies, the state strengthened its EEP
program over the past several years. The purpose of the program is to be prepared to
effectively manage energy emergencies and threats to Hawaii’s energy security. This role

is complementary, but subordinate to the State Civil Defense Program in a general
emergency, and is consistent with state and federal response plans.

2.8.1. EEP Program Goals
The goals of the EEP program are to:

. Deal effectively with energy disruptions and shortages;

. Ensure essential services are maintained; and

. Minimize economic and personal hardships.
2.8.2. Accomplishments
The DBEDT Energy Division provides principal EEP staff support to the Governor and the
Energy Resources Coordinator by assisting them in fulfilling their statutory responsibilities
to ensure effective planning and preparedness for any energy emergency and timely and
effective response, irrespective of cause. In 1988, the DBEDT Energy Division initiated
the complete revitalization and continual improvement of the state's EEP program. Specific
accomplishments include:

. Development of an EEP Issues Report (1990) under the HEP program.
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Revision and update of the state's EEP Plan and Reference Book and
development of a Four-Phase Implementation Guide in June 1991.
The state EEP plan is currently being reviewed and revised in accordance
with Act 182 (see below).

Provided comprehensive energy data and data analysis, and energy
emergency planning, preparedness and response during the 1990/91 Persian
Gulf War, the 1992 interisland heavy fuel shipping problem, and in the
aftermath of Hurricane Iniki.

Completed an overhaul of Hawaii's EEP statute -- Chapter 125C, HRS, by
Act 182, SLH 1992, an Administration initiative to clarify the administration
of EEP resources and to ensure state and county preparedness by mandating
coordinated, biennial state and county energy emergency planning. Act 182
also provided funds to support these ongoing planning activities.

Except for 1992, when Hurricane Iniki struck Kauai, the state has
developed and conducted energy emergency simulations and exercises on an
annual basis.
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CHAPTER 3. THE HAWAIlI ENERGY STRATEGY
PROJECTS

This chapter describes the seven projects of the HES program. It presents their purposes
and objectives, describes how the projects were accomplished, outlines the contents of the
individual project reports, and summarizes the findings of each project. The projects’
recommendations are presented in Chapter 9.

3.1. PROJECT 1 - ANALYTICAL ENERGY FORECASTING MODEL

3.1.1. Project 1 Purpose and Objectives

As a basis for work on the HES, a Hawaii-specific analytical energy forecasting model
capable of analyzing and predicting the state’s energy use 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 an important first step toward supporting DBEDT participation in Hawaii’s
IRP process. An additional benefit was an independent statewide forecast in addition to
utility-produced forecasts. An additional benefit of this project was that an independent
statﬁwide forecast allows for comparisons with the utilities’ forecasts and the refinement of
both.

The project’s objectives were:

. Design a computerized model for energy forecasting and assessment capable
of projecting the demand for energy.

. Develop a data-gathering and management system to support the energy
forecasting and assessment system in conjunction with HES Project 4.

. Conduct training to develop state staff expertise in using and updating the
forecasting and assessment system.

3.1.2. How Project 1 Was Accomplished

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.

Thirty energy forecasting models were qualitatively screened followed by a more detailed
quantitative screening. The demand sector of the ENERGY 2020 mode] was adopted
based on BCI’s analysis and DBEDT’s priorities and its developer, Systematic Solutions,
Inc. (SSI), was subcontracted by BCI to perform the model calibration.
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3.1.2.1. THE ENERGY 2020 MODEL

ENERGY 2020 is a multi-sector energy analysis system. Figure 3-1 illustrates the
fundamental relationships among sectors in ENERGY 2020.
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Figure 3-1. ENERGY 2020 Computer Model Interactions

The model simulates the supply, price, and demand for all fuels. It can be configured to
various levels of detail by changing the structure of the model interactively. Additional
sectors or modules from other models (e.g., 2 macroeconomic model) can be incorporated
directly into the ENERGY 2020 framework. This flexibility allows the model to evolve
over time in response to the changing objectives of the user.

The demand module of ENERGY 2020 was calibrated for each of Hawaii's four counties.
Demand is dynamically simulated by end-use and economic sector for all fuels (e.g.,
electric, gas, oil, coal, biomass, and solar). Marginal and average energy intensity at the
process and device level were determined. ENERGY 2020’s unique capability to model
how consumers make fuel and efficiency choices in the face of personal preference, price,
and utility incentives is critical to DSM and competitive analysis. The transportation sector
is simulated by mode and economic sector.

Revisions were made to the standard ENERGY 2020 model by calibrating to Hawaii’s
particular energy use characteristics. Hawaii-specific demographic and energy data were
obtained and transmitted to BCI and SSI. Trial forecasts were presented by the consultants
in May 1993 to DBEDT and the Technical Review Subcommittee. Revised forecasts were
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presented in Janvary 1994, and training manuals and user guides to accompany the model
were also provided.

SSI was also competitively selected to develop the integration model for Project 7 in mid-
1993. Consequently, Project 1 was ultimately incorporated into Project 7 in 1994.
Forecasts were further refined as better data became available for model calibration.

3.1.3. The Project 1 Report

Following the decision to develop the entire ENERGY 2020 model, the work of Project 1
was incorporated into the overall ENERGY 2020 model and Project 7. The results of the
forecast are presented in Chapter 5 of this report.

3.1.4. Findings of Project 1
3.1.4.1. 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 definitions changed over time. Additionally, REMI results were adjusted to
local conditions, as described in Chapter 5, Section 5.2.3. of this report.

3.1.4.2, ECONOMIC FORECAST RESULTS

The REMI forecast of macroeconomic variables including population, production, income,
and employment is presented in section 5.3 of this report. As shown in Chapter 5,

Figure 5-5, resident population was projected to grow by almost 27 percent from 1.21
million 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 31 percent
and Oahu 21 percent. Production, as measured by Gross Regional Product, grew 32
percent over the planning period, and was shown in Chapter 5, Figure 5-8. 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, as shown in Chapter 5, Figure 5-17. 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).

3.1.4.3. 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 Chapter 5. No significant difference was found.
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3.2. PROJECT 2 - FOSSIL ENERGY REVIEW AND ANALYSIS
3.2.1. Project 2 Purpose and Objectives

Project 2 conducted a comprehensive analysis of fossil energy in Hawaii and the world,
with a focus on the Asia/Pacific area. It provided a clearer understanding of world fossil
energy markets and fossil energy use in Hawaii. The project also examined the possible
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 refineries. This information is
valuable to develop the DBEDT Energy Division staff's capability to conduct
comprehensive energy assessments, forecasts, and analyses.

The Project had the following objectives:

. To provide a comprehensive overview of the world and regional fossil
energy industries, environmental trends, and how they relate to Hawaii's
energy situation.

. To provide a baseline assessment of Hawaii's situation in the fossil energy
markets, including a description-efimport and expest flows;fuel
production, storage, distribution, energy security issues,-and use.

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

. To assist the state in developing better capabilities in long-term planning of
the state's energy system with regards to fossil energy through the
information provided in the reports, a training seminar, and creation of
analytical tools.

3.2.2. 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 Data Issues and Oil Market
Information: Hawaii State Needs. The papers suggested actions the State of Hawaii is now
taking to improve the availability and quality of data necessary to monitor and evaluate the
energy situation in Hawaii.

As part of the effort to enhance the state's planning capabilities and to disseminate
information generated from this project, in May 1993, 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.
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3.2.3.

The Project 2 Report

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

World and Regional Fossil Energy Dynamics explained what fossil
energy is, what it does, who has it, 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 refining 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 can be modified to meet changes in local
demand. '

Fossil Energy in Hawaii established a baseline for evaluating energy use in
Hawaii and examined key energy and economic indicators. Much of this
volume is summarized in Chapter 4 of this report. In addition, this work was
especially 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 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 the Argonne National Laboratory. Coal
technologies were screened as 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 was
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 discussed the Asia-Pacific 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.
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3.2.4. Key Findings and Recommendations of Project 2
3.2.4.1. 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. Over the past twenty-three years, oil
overwhelmingly has dominated the energy scene with a share of around 90 percent of total
energy.

3.2.4.2. HAWAII’S NON-OIL ENERGY SOURCES BECAME
INCREASINGLY DIVERSIFIED

During the same period, Hawaii use of non-oil energy resources became increasingly
diversified. As shown in Figure 3-2, biomass was the dominant alternative, though the
role of bagasse dwindled as Hawaii's sugar industry has 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 and 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.
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Figure 3-2. Non-0Oil Energy Sources in Hawaii, 1970-1993
3.2.4.3. HAWAID’S ENERGY USE BY SECTOR

Figure 3-3, on the next page, depicts energy use by sector from 1970 to 1992. The
transport sector generally accounts for 50-60 percent of Hawaii's energy use, followed by
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the industrial sector with a share of around 25 percent, the commercial sector (10-15
percent in recent years), and the residential sector (around 10 percent). Total energy inputs
to electricity production are also disaggregated from the totals; around 30 percent of the
energy use goes toward producing electricity. The electricity sector combined with the
transport sector accounts for around 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 (DSM) or fuel substitution
strategies, and to determine the constituencies that may be affected by changes in energy
policy and/or 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 -- transportation and electricity.
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Figure 3-2. Hawaii Energy Consumption by End-Use Sector, 1970-1992
3.2.4.3. PROBLEMS OF SUBSTITUTION AWAY FROM OIL

Oil is likely to remain a critical fuel for the foreseeable future. Under competitive pressure
from alternatives, oil prices could fall back to lower levels. However, the price of oil could
drop so as to 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 will
still leave Hawaii extremely oil dependent. Even the first step, conversion of power
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generation and process heat, would require considerable expense and time, including the
replacement of much of the existing generating capacity, but it would cut a third of
Hawaii's oil demand. Substituting 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 power generation, all existing road transport, and interisland
shipping. Cutting demand by more than half means going to technologies not yet defined.

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

The following is a summary of the substitution scenarios:

Cumulative
Substitution For: Reduction
Base Demand .....ooeeeinininiieiniiiieeeeieereeraeaaaas 0 percent
Power Generation, Process Heat ............cc.oeo.o..... 33 percent
10 percent Gasoline Blending .........ccccevevnvnennnnn.. 34 percent
Interisland Shipping -..ccoeevemiiriiiiimiiiiiiiiareeannn.. 35 percent
Light Road Transport .......cccoceceeimiciiciniienenannnnnn. 51 percent
Heavy Road Transport ......ccooceeiiiereeraiennneeneennnnns 55 percent
Interisland Adr ....ocoeviniiniiiiiiie e eeea 61 percent

3.2.4.4. WORLD OIL PRICE VOLATILITY

Hawaii's reliance on oil forces the state to continue 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. 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,
especially due to the increasing importance of the Middle East in world oil trade.
Fortunately, the availability of supplies which could 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.

3.2.4.5. 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 shocks. 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.

3.2.4.6. CRUDE OIL - CURRENT AND FUTURE 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
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the typical crudes produced are very low in sulfur and thus are desirable refinery
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 rrlxlarket, and that the size of Hawaii's market is so small that its needs can easily be
fulfilled.

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 absorb 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, the day will come when Middle Eastern oil producers once again
wield great control over oil markets around the world. As 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 vitally dependent on imported energy, and that the state's economy is also linked to the
vagaries of the U.S., Asia-Pacific, and the world’s economies.

3.2.4.7. 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
areas. Producing sufficient supplies of jet fuel is another matter. Few crudes yield enough
kerosene on basic distillation to meet Hawaii's demand pattern, and demand for
kerosene/jet 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 products often are both imported and exported. Theoretically,
it is possible for refiners to purchase an optimal crude slate and run their refineries to
balance completely local supply and demand. In practice, it is rarely cost-effective to do
s0, 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 often imports needed jet fuel and exports excess high-sulfur fuel oil. This trade
balances the market.

3.2.4.8. 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 capacities that characterize 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 designed to serve
baseload and intermediate load, they may be less appropriate to the load patterns
experienced on the neighbor islands.
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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 on a daily basis, creating the need for 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
does raise the cost per kWh.

3.2.4.9. LIQUEFIED NATURAL GAS AS AN ALTERNATIVE

Currently, liquefied natural gas (LNG) is not a viable option for Hawaii due to the scale of
substitution needed, infrastructure costs, the delivered cost of fuel, and the amount of land
area required. 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.

3.2.4.10. 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
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 its 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

O1il price shocks have typically been bad for the state economy. Unfortunately, no effective
measures have been identified to shield Hawaii's economy. 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. Appendix 2 presents the results
of an Qil Price Spike Assessment based upon a scenario tested in ENERGY 2020. The
assessment gives an example of the potential impact on Hawaii’s economy.
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3.3. PROJECT 3 - RENEWABLE ENERGY ASSESSMENT AND
DEVELOPMENT PROGRAM

3.3.1. 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 [OTEC], geothermal, and wave energy) and a long-range development strategy.

The Project objectives were:

. Summarize existing renewable energy resource assessments;

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

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

. Conduct and report on an in-depth, comprehensive assessment of Hawaii’s

renewable energy resources; and

. Develop projections and a strategy for a reasonable renewable energy
component in Hawaii’s total energy mix.

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 aresult, Project 3 focused on the last two objectives and on completing work on
the third objective.

3.3.2. 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:

. Phase I - Development of a Renewable Energy Resource Assessment Plan
which defined the most promising potential renewable energy projects and
sites.

. Phase II - Development of Renewable Energy Resource Supply Curves
which were based on the cost and performance of projects identified in the
first phase.

. Phase I - Collect Additional Wind and Solar Resource Data and Develop a
Plan for Integrating Renewable Energy Resources Into the State's Energy
Supply Mix. This phase interpreted and integrated the data into a final
report which included an integrated plan for incorporating renewables into
the state's energy mix.
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3.3.3. Phase | -- Development of a Renewable Energy
Resource Assessment Plan

3.3.3.1. PHASE I OBJECTIVES
The objectives for the first phase of the project were as follows:

. Identify areas with renewable energy resource potential and analyze land
use, ownership, and availability;

Identify constraints to renewable energy development and eliminate areas
with existing or planned competing uses;

Conduct an analysis of existing infrastructure and utility compatibility;

Identify existing monitoring sites and equipment, additional sites, and
prioritize; and ‘

. Conduct a preliminary evaluation of public acceptance and environmental,
visual, and cultural impacts.

These objectives were incorporated into a Renewable Energy Resources Assessment Plan.

3.3.3.2. DEVELOPMENT OF A RENEWABLE ENERGY
RESOURCES ASSESSMENT PLAN

RILA determined constraints and requirements for renewable energy projects for renewable
energy resources (wind, solar, biomass, hydroelectric, geothermal, wave, and OTEC). A
screening process identified the most promising project locations based on factors such as
resource intensity, land availability, environmental constraints, utility interconnection,
zoning, and public acceptance. For this phase, emphasis was on utility-scale, grid-
connected projects. Potential applications for small, distributed uses were identified where
appropriate.

3.3.3.3. IDENTIFICATION OF POTENTIAL PROJECT SITES

A significant number of renewable energy projects with substantial development potential
were identified on each island. These projects were then screened to eliminate projects with
significant development obstacles. Those projects evaluated represent realistic development
opportunities in Hawaii which would result in a significant contribution to Hawaii's energy
mix. Quantifying this contribution was the objective of Phases IT and III of this program.

3.3.3.4. SCREENING CRITERIA AND PROJECT DEFINITION

One of the main factors which eliminated potential projects was land availability. Only on
the Big Island and Lanai and Molokai was the potential for competing land uses not
considered. On the other islands, demand for land is high and the impact of an energy
project must be weighed against other potential uses and potential impacts on surrounding
areas. Primary competing uses include urban expansion (mostly housing and light
industry), conservation, and agriculture.

On Maui, Kauai, and Oahu, much of the land is restricted to parks or forest reserves and
the coastal areas are either restricted from further development or have already been
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extensively developed. As a result, land-intensive energy projects were difficult to site in
areas other than those used for agricultural purposes. Most biomass energy crop projects
assumed replacement of existing crops. Several wind and solar project sites may also
displace existing agricultural land uses. The potential for these projects depends heavily 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 these projects may be a major hurdle.
However, the public perception of all types of energy projects was difficult to quantify and
is subject to change. As these technologies become more common, public perception of
their use may change.

Total utility grid capacity on each island also limited potential 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 electric vehicles), or island interconnection could alter this condition. As a result,
projects were not eliminated from consideration on this basis.

Small grid capacity and growth projections of Lanai and Molokai generally precluded large-
scale projects. Small-scale demand-side or dispersed-generation renewable energy projects
(i.e., less than 50 kW) are more appropriate for these islands. Given the relatively high
energy costs on these islands, small-scale projects should be economical on a widespread
basis and could make a significant contribution to reducing petroleum dependence.

On the other islands, utility-scale projects (1 MW or larger) were technically feasible.
Small-scale applications are also likely, but larger projects will make a more substantial
contribution.

Ho&lo&lole DEVELOPMENT OF THE RENEWABLE ENERGY
RESOURCES ASSESSMENT PLAN FOR ADDITIONAL
WIND AND SOLAR MONITORING

The monitoring plan for additional data collection was developed. Existing, high-quality
data sets and monitoring stations representative of potential project sites were identified and
incorporated. Where adequate data were not available for potential project sites, new wind
and solar monitoring stations were recommended and instrumented. The Renewable
Energy Resources Assessment Plan was developed for implementation in Phase II.

3.3.4. Phase 1l - Development of Renewable Energy Resource
Supply Curves

3.3.4.1. PHASE II OBJECTIVES

After the plan was completed, the project moved toward assimilation of the data to generate
renewable energy resource supply curves. Its objectives were to:

. Compile cost and performance data on renewable energy conversion
systems;

. Analyze and reduce existing renewable energy resource data; and

. Develop renewable energy resource supply curves.
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Phase II provided detailed cost and performance estimates for more than 230 potential
renewable energy projects and the consultant created a computer program that calculates the
cost of energy for the projects and displays a graphical summary of the results. The results

were incorporated into a report entitled Development of Renewable Energy Resource

Supply Curves.
3.3.4.2.

APPROACH TO DEVELOPING RESOURCE SUPPLY
CURVES

Wind Kahua Ranch 5,15 |McGregor Point Ko
Lalamilo Wells 3,30,50 [N.W. Haleakala 10, 30,50
N. Kohala 5,15 [Puunene 10,30
West Maui 10,30, 50
Solar Thermal
Dishes Ksahole D |Kahului 10,30
N. Kohala 5,15 |Kihei 10,30
Waikoloa D | Puunene 10,30
Trough Keahole 0 |Kahului K o]
Waikoloa P |Kihei 0
Puunene 2
Photovoltaic
Fixed Keahole 30,50 |Kahului 10,30
N. Kohala 5,15 {Kihei 10,30
Waikoloa 30,80 | Pumene 10, 30
Tracking Keahole 30,50 |Kahului 10,30
N. Kohala 5,15 |Khei 10,30
Waikoloa 30,50 | Puunene 10, 30
Biomass Electric
Organic Waste Paia-Puunene -3
Sugarcane Hamakua Coast 25 }Paia-Puunene 25,50
Hilo Coast >
Kalu sy
Tree & Organic Waste Hilo Coast 20
Tree Crops Hamakua Coast 25 |Paja-Puunene 50
Hilo Coast 5
- I
Biomass Fuel-Ethanol
Organic Waste
Sugarcans Paia-Puunene 25, 50 MGPY
Tree Crops Paia-Puunens 25 MGPY
Biomass Fuel-Methanol
Organic Waste Paia-Puunene 25 MGPY
Sugarcane Kaumakai 25MGPY | Paia-Puunens 50 MGPY
Tree Crops Hamakua Coast 25 MGPY | Paja-Puunene 50 MGPY
Hilo Coast 25 MGPY
Hydro Umauma 138
Geothermal Puna S
Pua 2
Wave Honokaa 10 |Lower Paia 10, 30, 60
N. Kohala 10,30 |Opana Point 10, 30, 60
Pepeckeo 10_} Waiehu Point 10, 30
Ocean Thermal Keahols Point <o)

Note: Project size is given in MW of installed capaci

Table 3-1.

except for biomass projects which are listed in millions of gallons per vear,

Renewable Energy Projects for Hawaii and Maui

RLA compiled the most current cost and performance data for each of the renewable energy
conversion technologies evaluated in the project. Technologies included wind, solar
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thermal (trough and dishes), photovoltaics (fixed and tracking arrays), biomass electricity
(including municipal solid waste), biomass fuel (both ethanol and methanol), hydroelectric,
geothermal, wave, and OTEC. For each potential project, costs and performance were
_estimated based on site-specific resource data and other information, then technology data
“worksheets were developed to summarize the detailed information for the project. The
location and installed capacity of all projects considered are shown in Table 3-1 for Hawaii
and Maui on the previous page and Table 3-2 for Oahu and Kauai on this page.

Port Allen 5
Solar Thermal
Dishes Lualualei 8 |Barking Sands 10
N. Ewa Plain 20
Pearl Harbor 2
Trough Lualualei 2 ¢]
N. Ewa Plain &
Pear Harbor =)
Photovoltaic
Fixed Lualualei 10,20,50 |Barking Sands 10
N. Ewa Plain 10,50
Pearl Harbor 10,50
Tracking Lualualei 10,20,50 |Barking Sands 10
N. Ewa Plain 10,50
Pearl Harbor 10,50
Biomass Electric
Organic Waste Barber’s Point 0
Sugarcane Kaumakani

Tree & Organic Waste
Tree Crops

Kaumakani
Kaumakani

Biomass Fuel-Ethanol
Organic Waste

Tree Crops

Barber’s Point

25 MGPY

Biomass Fuel-Methanol

Organic Waste Barber's Point 50 MGPY
Sugarcane
Tree Crops Kaumakani 25 MGPY
Lihue 25 MGPY
Hydro Wailua River
Wave Makapuy 30,60 {Anzhola
Mokapu Point X |Barking Sands
N.E. Coast (upper) 0
N.E. Coast (lower) ko]
Waimanalo D
Kahuku Point 30, 60
Kahe Point 0

Note: Project size is given in MW of installed capacity except for biomass projects which are listed in millions of gallons

Table 3-2. Renewable Energy Projects for Oahu and Kauai

The Resource Supply Curve computer model was developed to calculate the levelized cost
of energy for each project based on the Electric Power Research Institute's Technical
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Assessment Guide, a common set of economic parameters, and the data was provided on
technology data worksheets. The results are a graphical presentation of the cost of energy
of each project versus the cumulative energy for all the projects meeting a specified criteria.

Resource supply curves provide a means for comparing costs of different projects within a
specific technology and between technologies for each island or for the state as a whole.
‘They can be used to determine which technologies can make the greatest energy
contribution on a given island and to the state as a whole considering both the availability of
the resource and the technology's economics. The primary value of resource supply curves
is in comparing different generating options with each other, given similar economic
assumptions and evaluation methodologies.

Sodlotlodls COST AND PERFORMANCE ESTIMATES

A brief summary of the technology status, performance assumptions, and cost basis for
each technology type was included in the Phase II report on technology data sheets. The
report also provided realistic cost and performance estimates. These estimates were
bounded by optimistic and conservative values to represent the uncertainty associated with
the technology development or the resource availability.

For each potential project location, a number of possible project sizes were evaluated. The
size and number of projects evaluated at each location was based on:

. The size and characteristics of the land available;
. Existing transmission capacity and required upgrades; and
. Overall generation capacity and demand of each island utility.

For most technologies, two conceptual plant designs were developed. One design was
based on components that are commercially available for 1995 projects (current
technology). The other design was based on components that are expected to be
commercially deployed by the year 2005 (future technology). Three estimates
(representing optimistic, nominal, and conservative cases) were made for each potential
project and stage of technology development (current or future). Therefore, six cost and
energy estimates were made for each potential project location and size for the majority of
the technologies evaluated. Project performance estimates were based on the conceptual
plant designs, potential project sizes, and the best available resource data. For wind and
solar projects, additional resource data was collected at a number of the sites. Performance
estimates for these technologies were updated using the additional resource data and were
included in the Phase III report.

3.3.4.4. RESOURCE SUPPLY CURVES
Results from the Resource Supply Curve program were included in the Phase II report.

The graphical output of the resource supply curve model was accompanied by a table which
provides additional details.
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3.3.5. Phase Ill - Collect Additional Wind and Solar Resource
Data and Develop a Plan for Integrating Renewable
Energy Resources Into the State’s Energy Supply Mix

DodloFodl PHASE HI OBJECTIVES

In its concluding phase, Project 3 had the following objectives:

. Collect at least a year's wind and solar data at selected locations and develop
recommendations for an on-going renewable resource assessment program;

. Update resource supply curves for wind and solar developed under Phase IT
to reflect newly collected data; and

. Develop a plan to integrate renewable energy into Hawaii's energy supply
mix,

The purpose of Phase T was to collect additional wind and solar resource data at locations
throughout the state identified in Phase I to supplement available data sets. The information
obtained in Phases I and IT was incorporated into an Renewable Energy Integration Plan for
incorporating renewables into the state's energy mix.

Barking Sands Anahola

KA U Al Kaena
f Point
Kahuku
North of
Hanapepe OAHU MOLOKAI NW Slope

| —— Haleakala

- Pearl
Harbor | AnAf % MAUI
A

Puunene PV USA
Lalamilo
 Wind Monitoring Station Wells
€ Solar Monitoring Station North
Kohala
HAWAII

Figure 3-2. Wind and Solar Resource Monitoring Stations Installed and Operated

3.3.5.2. COLLECT ADDITIONAL WIND AND SOLAR
RESOURCE DATA

A monitoring plan was developed in Phase I based on the location of existing, high-value,
high-quality resource data measurements relative to the potential project locations. As part
of Phase III, eight wind monitoring stations and five solar monitoring stations were
installed throughout the islands. The locations of the monitoring stations are shown in
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Figure 3-2. The solar monitoring stations are supplemented by three additional privately
owned monitoring stations from which data are available on an on-going basis. Data
collected under the monitoring program were used to update the Phase II performance
estimates for potential wind and solar projects.

3.3.5.3. UPDATE RESOURCE SUPPLY CURVES

In order to estimate costs and performance for renewable energy projects in Hawaii, RLA
compiled the most current cost and performance data for each of the renewable energy
conversion technologies evaluated in the project. For most technologies, two conceptual
plant designs were developed. One design was based on plant components that were
commercially available for installation in 1995 projects (current technology). The other
design was based on components that were realistically expected to be commercially
deployed by the year 2005 (future technology). In the case of technologies that have not
been commercially deployed, estimates were made only for the future scenario.

To account for uncertainty in cost and resource projections, three estimates (representing
optimistic, nominal, and conservative cases) were made for each potential project for both
stages of technology development. As a result, a total of six cost and energy estimates
were made for each potential project location and size for the majority of the technologies
evaluated.

Projects which appeared to be economically and technically feasible for installation in 1995
were identified. The 1995 results also provided a solid basis on which to plan future
actions. Projects already shown to be economical, based on 1995 conditions, could be
evaluated and placed in service over the next few years to provide cost savings for both the
Hawaii utilities and their customers. These projects could then form the basis for other,
well-characterized projects that will be economical by the year 2005.

There were a number of policy-related uncertainties unrelated to the technology
development scenarios, yet which impact base case results. These factors included
financing terms and conditions, the inclusion of transmission upgrade costs, and the
application of state and federal tax credits. To determine the impact that each of these
factors has on the results, sensitivity studies were run.

In evaluating the renewable energy options, it was important to consider the value of the
energy to the utility as well as the cost of generation. Utilities commonly consider
generating resources, such as wind, solar, and wave energy, to be less valuable than firm
generating resources because these intermittent resources are non-dispatchable. The value
of the resource to the utility has significant impacts on the likelihood of project
implementation. If these intermittent resources could be shown to have some quantifiable
value to the utility, the likelihood of implementation was increased.

Phase III of this project analyzed the value of these intermittent resources. These analyses
included utility load matching with renewable energy project output on a diurnal and
seasonal basis, determination of capacity value, and a comparison of the impact of time-of-
day delivery and pricing scenarios for each island. To evaluate the impact that time-of-day
delivery and pricing would have on potential renewable energy project implementation, a
comparison of potential project revenues was made under different time-of-day delivery
and pricing scenarios. Renewable energy projects also have value in their environmental
and societal benefits, reduced fuel and cost risk, shorter lead times, and modularity.
Although these attributes should be fully considered in any planning process, their
quantification was beyond the scope of this project.
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3.3.5.4. DEVELOP A PLAN TO INTEGRATE RENEWABLE
ENERGY INTO HAWAII'S ENERGY SUPPLY MIX

Based on these analyses, and the results of Phases I and II, RLA developed a Renewable
Energy Integration Plan. The renewable energy projects that were considered to be viable
were summarized and prioritized in terms of which technologies and project suites hold the
greatest promise for assimilation into each island’s electrical grid. Renewable energy
integration plans were developed based on the 2005 resource supply curve results and
consideration of the constraints to implementing these renewable energy projects.

The primary consideration for the renewable energy integration plan was the projected load
growth on each island. The penetration limit for intermittent renewable resources was
another major consideration in determining the appropriate renewable energy project mix.
The relative cost of energy for the renewable projects was the next major consideration in
determining the appropriate renewable energy development plan for each island. Prioritized
projects were then summarized for each of the islands. These are presented as
recommendations in Section 9.2.6.6. of Chapter 9.

The recommended renewable energy integration plans provided for each island represent
realistic goals that can easily be achieved if reducing oil dependency is a priority for both
government and the utilities. Should conditions occur such as changes in the operating
characteristics of the utilities, incorporation of energy storage, widespread use of electric
vehicles, or island grid interconnection, significantly more renewable energy could be
incorporated into the generation mix.
3.3.6. The Project 3 Report
The final report of the project was presented in three volumes.
. Renewable Energy Resource Assessment Plan
J Development of Renewable Energy Resource Supply Curves (RSC)
Appendix A Guidelines for Using the RSC Computer Model
Appendix B Tlustrative Results from the RSC Model
Appendix C Technology Data Sheets
. Renewable Energy Integration Plan
Appendix A Resource Supply Curves, Island of Hawaii
Appendix B Resource Supply Curves, Island of Maui
Appendix C Resource Supply Curves, Island of Oahu
Appendix D Resource Supply Curves, Island of Kauai
Appendix E Time-of-Day Pricing Summaries

Appendix F Case Studies for Small-Scale Applications
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3.3.7. Key Findings and Recommendations of Project 3

Hawaii has an abundance of renewable energy resources. For most renewable energy
technologies, a sufficient resource existed on each island to warrant consideration of an
energy project. With few exceptions, issues other than the resource (e.g., public
acceptance, land availability, land ownership, utility grid size, system cost, avoided cost
payments, etc.) were the determining factor in identifying projects with development
potential.

3.3.7.1. RENEWABLE ENERGY PROJECTS IDENTIFIED

Despite the limitations noted, a significant number of potential renewable energy projects
were identified for each island. These projects represented realistic opportunities for
developing renewable energy in the state of Hawaii and making a significant contribution to
Hawaii’s energy mix.

Renewable energy projects can theoretically provide all the new generation required to
satisfy projected energy demand increases in the state between 1995 and 2005. However,
there are a number of factors which will influence the ability of these resources to meet
these new energy demands. On Maui, supplying future increases in electrical energy
demand could be accomplished with renewable projects that are cost effective even under
the most conservative assumptions. On Hawaii and Kauai, this could be accomplished
with projects that are cost competitive under nominal scenarios. If conservative
assumptions are used, Hawaii and Kauai could still obtain 50% and 25%, respectively, of
their projected energy demand growth from renewable energy projects. On Oahu, under
nominal assumptions, renewable energy projects could provide over 30% of the new
generation required to meet energy demand increases and under optimistic conditions, all of
the energy required to meet energy demand increases.

Under optimistic assumptions, enough energy could be produced from renewable energy
projects to meet most, if not all, of the electricity requirements on Maui, Hawaii, and
Kauai. However, constraints to project implementation, including existing conventional
generation units and projected demand growth, make this result unrealistic.

These results also indicate, however, that under optimistic circumstances, investments in
conventional fossil fuel plants will turn out to be uneconomical in the future. This
conclusion was supported by both the 1995 case study results that indicate that there were
already substantial investments in renewable energy resources that were more economical
than fossil fuel technologies (based only on avoided energy cost); and by the nominal case
study calculations presented for 2005.

At the other extreme, conservative scenarios provided a minimum number of projects that
should be considered and implemented by the state. Because investors have experienced
financial losses due to excessively optimistic assumptions for renewable energy projects in
the past, they may be inclined to lean towards the 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. If projects identified as
viable in 1995 and those viable in 2005 under conservative conditions were installed as
soon as possible, the experience gained from these projects would help to narrow the range
of projected development costs for other projects for the future.

The annual financial benefits shown in the tables in the Phase III report for the 2005
scenario may be somewhat unrealistic and speculative because they were based on a
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comparison with projected avoided energy cost. The magnitude of the benefit was not as
important as the fact that there was indeed a benefit in implementing renewable energy
projects as opposed to continuing to rely on Hawaii’s current practice of relying heavily on
fossil fuels. There were other benefits which were not included in the data presented. ,
Employment benefits would occur because construction and operation of renewable eneigy
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. There are also obviously
substantial environmental advantages to using renewable energy.

Whether the potential renewable energy projects were evaluated based on the optimistic,
conservative, or nominal scenarios played a big part in determining the pace of renewable
energy development in Hawaii. Many renewable technologies have developed at a slower
rate than historically projected. This was also true of many of the competing energy
technologies such as nuclear and advanced fossil fuel utilization technologies. On the other
hand, the extent of commercial wind energy development over the last ten years provided a
good illustration of speed at which renewable energy technologies can mature. This was in
part driven by research, development, demonstration, and commercialization funding levels
and other policy considerations. Although the nominal cases represented the most
reasonable estimates, both the optimistic and conservative cases were possible scenarios —
neither represents an unrealistic extreme.

3.3.7.2. FINANCIAL CONSIDERATIONS

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 pay a large role in determining
the renewable energy projects that can be developed. Although the state cannot control the
price of oil, it can influence the power purchase contract terms that are available to
independent power producers.

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 utilities’ rate base. Factors shown to be favorable to renewables included
consideration of capacity value, externalities benefits, and time-of-day pricing. Contract
structures that assisted in obtaining financing at favorable rates (such as front-loaded
contracts and long-term contracts with specified payment schedules) also promoted
renewable energy development and integration.

RLA found that wind and wave projects provided some capacity value to a utility if
minimum rated capacity during peak demand hours was used as the basis for estimating
capacity value. On this basis, solar projects did not have a capacity value. On the other
hand, if the average rated capacity during peak hours was used as the basis for estimating
capacity value, solar projects had a fairly high capacity value (~25 percent). This result
indicated that, although the output from a solar project was not available during the entire
peak demand period, a high percentage of its rated capacity was available during the hours
in which it was producing power. This illustrated the need to evaluate capacity value on a
site-specific basis. RLA also found that time-of-day pricing made a significant impact for
solar projects (an increase of about 7 percent) and a relatively smaller impact (about 1-2
percent) for wind projects.
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3.3.7.3. ADDITIONAL RESEARCH AND DEVELOPMENT
NEEDED

The state could also continue to support and encourage research and analysis that promote
renewable energy implementation. 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. Such studies require a
significant level of effort and detailed information about utility system characteristics and
should be conducted in cooperation with the utilities.

Energy storage options, if economical, would also address the penetration limits issue. It
was recommended that the costs and operation of promising energy storage technologies be
evaluated to determine if such technologies were viable. Use of the same approach and
economic methodology as the Resource Supply Curve Computer Model data and analysis
would facilitate the evaluation.

3.3.7.4. ADDITIONAL ASSESSMENTS NEEDED

For the projects that appear to be viable based on the results of this program, detailed
feasibility studies can be evaluated to further refine their costs and performance. These
activities may be carried out by the developer, utility, and/or government agencies
interested in the project development.

Additional resource assessment and technological research would address the uncertainty in
the estimates and reduce the range between conservative and optimistic estimates.

Resource assessment should focus on areas in which insufficient data are available to
accurately define performance. For example, wave energy projections are particularly
broad and resource assessment activities would greatly reduce the performance uncertainty.
Wave energy projects would also benefit from technological research. Wave projects had
significant potential for Hawaii under the optimistic scenarios but were extremely costly
under conservative assumptions. Demonstration projects or applied research geared toward
commercial could provide more confidence in the cost and performance of these
technologies.

A number of viable wind projects were identified in addition to those which already exist.
On Hawaii and Maui, more electricity can be generated by wind projects than the utility can
accept. On Oahu, large-scale projects have been identified and additional wind projects are
unlikely 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.

Although wind projects could also benefit from research activities, achieving cost and
performance improvements is not necessary to make these 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 financable power purchase contracts than they will from research.

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 that they warrant serious consideration. Capacity credit, time-of-
day pricing, or tax credit changes could result in these projects being viable generation
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assist in the development of these technologies by participating in demonstration projects or
research, demonstration, and commercialization activities.

Hybrid 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.

Biomass electric and biomass fuels are both promising technologies for Hawaii and their
development and implementation should be pursued. Biomass offers a firm renewable
energy option that is commercially viable, and 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 storable.

Hydroelectric projects are commercially viable in Hawaii today; however, a limited number
of developable sites exist. Hydroelectric development is subject to significant public
opposition. Additional resource assessment or research is unlikely to change the analysis
results. The projects identified in this study should be pursued to the extent in which they
are viewed as acceptable to the public.

Geothermal energy conversion from high temperature water (>150 degrees Celsius)
resources is a mature technology that has been commercially deployed since the 1960s. A
25 MW geothermal plant is successfully operating in Puna on the Big Island. 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 the Project 3 study.

The Kilauea east rift zone is a known high temperature hydrothermal resource area. The
potential exists for development in addition to the current 25 MW Puna Geothermal Venture
operation. Analysis was performed on potential additions of 25 MW and 50 MW 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.

Although only two OTEC projects were evaluated, neither was shown to be cost effective
even in the most optimistic case (solely on the basis of avoided energy cost ) in Project 3.
However, the value of utility generation capacity displacement and the value of the co-
products (potable water, aquaculture, air conditioning, etc.) may change this situation. In
any event, based on the assumptions used in this analysis and in spite of the fact that OTEC
may offer a significant contribution to Hawaii’s generation mix in the long-term, it will not
be competitive with other energy options in the next ten years. OTEC would offer the
advantage of being a firm renewable energy resource. (An OTEC plant was modeled in
ENERGY 2020 at much lower costs provided by an OTEC developer and a 100 MW plant
at those costs could be feasible for Oahu. It is not believed that such costs can be achieved
in the next 20 years.)
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3.4. PROJECT 4 - DEMAND-SIDE MANAGEMENT ASSESSMENT
3.4.1. 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 utilities’ Integrated Resource (IRP) Planning
process mandated by the Hawaii Public Utilities Commission.

Demand-side management (DSM) 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.

The Project accomplished the following objectives:

e 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; and

¢ Insttutionalize a DSM planning capability within the DBEDT Energy Division.
3.4.2. 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 measures for consideration in Hawaii. On-site surveys of 50 commercial
buildings yielded a set of building prototypes for use in 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 assessments of potential DSM, and recommended DSM programs.

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

3.4.3. Approach and Methodology
A database of DSM technologies was created for DSM measures applicable to Hawaii.

Simultaneously, commercial building energy audits of 50 buildings were conducted to
support the description of 23 building prototypes. These energy audits, information
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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 version of the ENERGY 2020 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 the four counties in Hawaii. Four
different DSM scenarios included estimates of technical, economic, market, and program
potential.

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

3.4.4. The Project 4 Reporis

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

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

. The DSM Opportunities report includes detailed descriptions of the DSM
Assessment Model and its supporting methodology and results from
different scenario runs of the DSM Model. Also included are descriptions
of DSM programs and characteristics relevant to program design which
affect the size and timing of potential DSM resources.

Supporting reference volumes include:

. The Building Prototype Analysis provides baseline assumptions, simulation
results, and a detailed description of the building prototype simulations.
The report presents detailed information on each of the 17 building
prototypes developed for use with the DOE-2.1E building simulation
program.

. Final Residential and Commercial Building Prototypes and DOE-2.1E
Developed UECs and EUIs. This reference volume is in three parts. Each
part includes an introduction defining the nomenclature, code definitions,
and methodology. Following the introduction are 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

1 In developing the DBEDT DSM Assessment Model, it was necessary to use preliminary versions of the
ENERGY 2020 model forecast produced between April and June 1994. The ENERGY 2020 model was
later significantly revised. The use of the early 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 ant that time.
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additional six climate zone applications for resorts and hotels for the
counties of Maui, Hawaii, and Kauai (23 different simulation results).

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-part
reference volume. The first part was a statewide summary of each of the
four scenario results. The remaining four parts included the results by each
of the four scenarios.

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

The DOETRAN Users 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 Assessment
Model. The manual explained how to operate the model.

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:

3.4.5.

L

The DSM Measures Compendium detailed 2,001 electric and gas DSM
measures applicable to residential and nonresidential end uses in Hawaii.
The compendium contained descriptions of each measure, information on
how the measures work, documentation of calculations and assumptions
used to develop data tables, and descriptions of qualitative information such
as externalities and market acceptance. Measure data tables contained
numerical information describing measure impacts, costs, lifetime, and load
shape identification. Generic load shape data tables included numerical
information describing annual energy consumption profiles. The data from
the Compendium formed a basis for assessing the energy savings potential
in Hawaii’s various end use sectors and was used to identify measures for
incorporation into conceptual DSM programs for further evaluation.

Characterization of Building Prototypes described Hawaii’s commercial
building stock and provided the data required to simulate building
performance in a computer-based engineering simulation model.

Findings of Project 4

3.4.5.1. 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 resource 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.
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As noted above, in developing the DBEDT DSM Assessment Model, it was necessary to
use preliminary 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
early version significantly affected the results of the DBEDT DSM Assessment Model,

particularly in the gas sector.

The “Hawaii Program” scenario developed by Project 4 most closely resembles the types of
programs that could be offered in Hawaii in the future. This scenario assumes significant
DSM program offerings from the electric and gas utilities with moderate levels of utility
incentives and high levels of advertisement and promotion.

Figure 3-4 shows the potential for peak demand electricity reduction. The commercial
sector provided the most potential for electric DSM and the residential sector provides the
most potential for gas DSM. By the year 2006, over 600,000 MWh and nearly 1,500
Ktherms were available as the DSM resource. The size of the resource varied over the
forecast period based on annual program penetration rates and effective measure life. The
gas DSM resource potential included potential savings from both utility gas and bottled gas.
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Figure 3-4. Hawaii Program Potential - Peak Electricity Demand Reduction
3.4.5.1. RESIDENTIAL SECTOR

Table 3-3 summarizes the size of the potential residential DSM resource by county and key
forecast year under the “Hawaii Program” scenario. As one would expect, the size of the
potential DSM resource from the residential sector followed the size of the population in
each of the respective counties with the City and County of Honolulu providing most of the
potential DSM resource. However, due to the higher saturation of gas water heaters in
Hawaii County, the gas DSM potential resource there was nearly as great as Honolulu
despite Hawaii County's much smaller population. This saturation of gas water heaters
included those using both utility gas and bottled gas.
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Table 3-3. Hawaii's Residential DSM Program Potential

Figure 3-5 illustrates the share of the DSM potential provided by the top five residential
electric DSM measures. The DSM measures providing the most potential for electricity
DSM were solar water heaters, heat pump water heaters, compact fluorescent bulbs,
efficient water heater tanks, and heat pump clothes dryers.

Solar Water Heater ) .
21% AT
o
3 i Other
2 37%
Efficient Water
Heater Tank
10%
Heat Pump Water
H.le;fr Compact
Heat Pump Clothes Fluorescent Bulbs
Dryer 1%
8%

Figure 3-5. Residential Electric DSM Measures with the Most Potential, 2006

Figure 3-6 illustrates the share of the DSM potential provided by the top five residential gas
DSM measures. These were solar water heaters, efficient water heater tanks, horizontal
axis clothes washers, water heat pipe insulation, and low flow showerheads.
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Figure 3-6. Residential Gas DSM Measures with the Most Potential, 2006

3.4.5.2. COMMERCIAL SECTOR

Table 3-4 summarizes the size of the potential commercial sector DSM resource by county
and key forecast year for the “Hawaii Program” scenario. As with the residential sector,
the City and County of Honolulu provided the largest potential DSM resource. The
potential was larger than all of the other counties combined. The commercial gas DSM
resource potential for Hawaii County was much smaller than for Honolulu County and
does not mirror the residential sector.

ual A 14 —
Hawail 21,405 55580 X919 = 72
Honolulu 177,345 0,576 ZBIR 15 353
Maui D6/ | 5830 82035 31 3 L3
241,506 55,514 ! 250 155) a7 H

Table 3-4. Hawaii's Commercial DSM Program Potential

Figures 3-7 and 3-8 identifies the five commercial sector electricity and gas DSM measures,
respectively, that provided the most potential and their share of that total potential.

For electricity, lighting measures dominated the listing 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 provided only 52% of the total commercial
sector electric DSM resource. They included optical reflectors, T-8 fluorescent bulbs with
electronic ballasts, electronic ballast refits, occupancy sensors, and high efficiency air
conditioning. Lighting measures, such as compact fluorescent exit signs, also provided a
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significant amount of the remaining 48%, but it also included a diverse set of measures
ranging from cooling measures to efficient refrigeration, depending on the commercial
building type.
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Figure 3-7. Commercial Electric DSM Measures with the Most Potential, 2006
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Figure 3-8. Commercial Gas DSM Measures with the Most Potential, 2006
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For gas, point of use water heating was the single most effective measure, followed by
water heater tank insulation, efficient water heater tanks, water heater tank insulation, solar
water heaters, and time clocks for the hot water pumps providing lower levels of DSM
potential. S

3.5. PROJECT 5 - TRANSPORTATION ENERGY STRATEGY

3.5.1. Project Purpose and Objectives

HES Project 5, Transportation Energy Strategy Development, was conducted to:

. Collect and synthesize information on the present and future use of energy
in Hawaii’s transportation sector;

. Examine the potential of energy conservation to affect future energy demand
in the transportation sector;

. Analyze the possibility of satisfying a portion of the state’s future
transportation energy demand through alternative fuels; and

. Recommend a program targeting the state’s transportation sector to help
achieve state energy goals.

3.5.2. How Project 5 Was Accomplished

Parsons Brinckerhoff Quade and Douglas (PBQD) was competitively selected as the project
consultant. Subcontractors were Acurex Environmental Corporation and the Hawaii
Natural Energy Institute.

3.5.3. Approach and Methodology
The project was accomplished by completion of the following tasks:

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

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

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

. 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.

3.5.4. The Project 5 Report

The final report covered the following topics in a single volume:

* Project Purpose o Infrastructure for Transportation Fuels
e Transportation Fuel Consumption: e Indigenous Biomass Energy Sources
Existing and Future Baseline Conditions
* Energy Savings Potential in Hawaii's e Cost Analyses of Scenarios of Alternative
Transportation Sector . Fuel Use in Hawaii's Ground
Transportation
+ An Introduction to Alternate ¢ Potential Measures to Encourage
Transportation Fuels Alternative Transportation Fuels and
Vehicles

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

Transportation Sector
3.5.5. Findings of Project 5

3.5.5.1. CURRENT AND FUTURE ENERGY USE IN THE
TRANSPORTATION SECTOR

In 1992, 62 percent of the petroleum used in Hawaii was for transportation: 32% for
aviation, 10% for marine, and 20% for ground transportation use. Of the three
transportation sectors, air transportation was consistently the largest fuel consumer by a
substantial margin, representing over 50 percent of the transportation sector's total energy
demand (see Figure 3-9). 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 (see Figure 3-10), increasing Hawaii's already large dependence
on imported oil. This projection was the basis for examining the potential for energy
conservation and for petroleum displacement by alternative fuels.

With ground transportation sector fuel demand accounting for approximately one-third of
petroleum sold for transportation in 1992, and projected to increase at a 1.05 percent annual
rate between 1994 and 2014, the ground transportation sector, at one fifth of total energy
demand, represents a sufficiently large component of the state's total energy demand to be
worthy of attention.
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Figure 3-9. Hawaii Transportation Fuel Sales, Percent by End Use, 1981-1992
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Figure 3-10. Transportation Fuel Sales Volumes by End Use, 1981-2014
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3.5.5.2. THE POTENTIAL OF ENERGY CONSERVATION IN
THE GROUND TRANSPORTATION SECTOR

Measures that improve the average 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. Of 28 transportation control measures recently
identified by transportation planners for further consideration, the measures with the
greatest potential for reducing transportation energy demand in Hawaii were expansion of
public transit, transportation management associations, actions by educational institutions,
energy-efficient land use patterns, high occupancy vehicle (HOV) facilities, and automobile
use limitations.

3.5.5.3. THE BENEFITS OF PETROLEUM DISPLACEMENT

Since conservation measures alone are not projected to reduce petroleum demand
sufficiently to advance the state towards its energy security and local economic stimulus
goals, the displacement of a significant portion of petroleum use in the ground
transportation sector would help insulate the state from petroleum price fluctuations and
interruptions.

There could also be benefits from a local alternative fuels program such as 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.

3.5.5.4. POTENTIAL ALTERNATIVE

The alternative fuels most frequently proposed to replace gasoline and diesel in the ground
transportation sector are alcohols (methanol and ethanol), natural gas, liquefied petroleum
gas (LPG), electricity, biodiesels, and hydrogen. The technology to utilize most of the
alternative fuels in motor vehicles is either well-developed or developing rapidly, and
Hawaii has previous and ongoing experience with most of them.

Alcohol Fuels

The alcohol fuels most commonly discussed for use in ground transportation are methanol
and ethanol.

Methanel has a lower energy content? than gasoline at 56,800 Btu per gallon, and octane
ratings of 98 (neat) and 115 (blending octane)3. Since methanol was formerly produced

2 The energy content of a fuel is one of the most important factors in comparing the number of gallons
of fuel necessary to travel a given distance. Since the energy content in one gallon of methanol
(56,800 Btu) is lower than the energy content in one gallon of gasoline (109,000-119,000 Btu), it
takes more gallons of methanol to travel the same distance (all other factors remaining constant). In
this study, 2.0 gallons of methanol were assumed to be the equivalent (in energy content) of one gallon
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from wood, it was called “wood alcohol.” Most methanol is now produced from natural
gas (methane), although it can also be produced from biomass and by gasifying coal.

Ethanol also has a lower energy content* of 76,000 Btu per gallon than gasoline, and
octane ratings of 97 (neat) and 111 (blending octane)>. Ethanol is produced from ethylene,
which is derived from natural gas or petroleum, or from biomass. Many types of biomass
have been fermented to produce ethanol, including beverage-grade ethanol, for thousands
of years. Any substance which contains sugar or can be converted to sugar (such as starch
or cellulose) may be used as the biomass feedstock. At present, biomass (particularly corn
in the U.S. and sugarcane in Brazil) is the most common feedstock for the production of
fuel ethanol.

Although alcohol fuels are not presently produced in Hawaii, they could be produced from
locally-available materials such as wood chips, grass clippings, molasses, sugarcane fiber
(bagasse), agricultural wastes, or specially-grown crops. A biomass gasifier is being
constructed on Maui to produce methane from biomass; the third phase of the project calls
for the production of methanol.

Alcohols have been used as fuels for many years. Some of the earliest vehicles, such as
Model T Fords, used alcohol fuels. Today, methanol is used for auto racing in high
compression/high output engines. Ethanol blended with gasoline (gasohol) can be used in
unmodified gasoline engines, with all major vehicle manufacturers including gasohol under
their warranty coverage. Gasohol was used in forty-six states in 1994.

Automobiles, trucks and buses that use high-level alcohol blends (85-100% alcohol
blended with 0-15% gasoline) are commercially available. Some of the vehicles are
“flexibly-fueled” vehicles, and may operate on any combination of gasoline and up to 85%
alcohol fuel, or on gasoline alone, through an automatic system which includes an “alcohol
sensor”’ in the fuel line. The main barriers to the introduction and use of alcohol fuels are
fuel cost and availability.

Biodiesel

Biodiesel is a fuel similar in operating characteristics to diesel fuel made from oils such as
vegetable oil, waste oil from fast food restaurants, or fats from meat processing operations.
Biodiesel manufacturers recommend that it be blended with petroleum-derived diesel fuel in
a blend of about 20 to 30 percent. This blend can be used in unmodified diesel engines,
after replacement of rubber seals and hoses in the fuel system. In the U.S., trucks, buses,
and boats have all been operated on biodiesel. In Europe, Mercedes-Benz approves of the
use of biodiesel in its heavy-duty engines.

Electricity
Electricity may be produced from fossil fuels, organic wastes, wind, solar, geothermal,

biomass, and many other energy sources. Thus, vehicles powered by electricity are being
“fueled” (powered) by whichever of these sources is being used to generate the electricity.

of gasoline.
3 This is the number used in calculating the octane boost of a2 5% blend of methanol with gasoline.
4 Although there are several other factors involved, for the sake of the calculations in this study, 1.5
gallons of ethanol were assumed to be the equivalent (in energy content) of one galion of gasoline.
5 This is the number used in calculating the octane boost of a 10% blend of ethanol with gasoline.
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Electric vehicles (EVs) also offer potential energy efficiency, environmental, and other
benefits in comparison to gasoline and diesel-powered vehicles. These include:

1. Some EVs are designed to recover (via regenerative braking) a portion of the
energy normally “lost” during braking;

2. The energy demand of an EV is greatly reduced when the vehicle is not
traveling (i.e. engines are not “idling” and burning fuel when stuck in traffic
congestion);

3. EVsare “Zero Emission Vehicles” (ZEVs), since they do not burn fuel on
board;

4. EVs are extremely quiet in comparison to internal combustion vehicles; and

5. EVs may be more suitable for small-scale (i.e. local) manufacturing than
internal combustion engine vehicles.

Much research, funding, and enthusiasm is being devoted nationally and locally to
developing practical electric vehicles, and the technology is developing rapidly with
substantial government support. Almost all major vehicle manufacturers have developed
prototype or limited production vehicles, and are working to develop marketable production
vehicles to satisfy the sales requirement in California that two percent of all light-duty sales,
beginning in 1998, must be zero emission vehicles, or ZEVs (EVs are the most likely ZEVs
at this time).

Hydrogen

Hydrogen is often described as an extremely “clean” fuel, since the product of combustion
of hydrogen and oxygen is HyO (water). Hydrogen may be produced from anything
containing hydrogen, including water (via electrolysis), biomass (via gasification,
biological, or other means), petroleum, or natural gas. It should be noted that the
production of hydrogen does require energy inputs - for example, electrolysis of water
requires electricity, and the amount of energy used to produce the electricity for the
electrolysis is greater than the amount of energy ultimately released when the hydrogen is
used as a fuel. Hydrogen vehicles have been built, and some are being demonstrated, but
they are not yet commercially available.

Natural Gas and Synthetic Natural Gas (SNG)

Most of Oahu's utility gas is SNG. The chemical composition of local SNG makes it
unlikely that this SNG could be used as a motor fuel. With no natural gas supply likely to
be developed, natural gas as an alternative fuel does not appear probable for Hawaii.

Liquefied Petroleum Gas (LPG)

Liquefied Petroleum Gas (LPG), commonly referred to as “propane,” is a blend of propane
and other hydrocarbons. LPG used in Hawaii is both produced as a byproduct of the local
crude oil refineries and imported. Imported LPG is either a refinery byproduct or produced
from liquids obtained from gas and oil wells.

LPG vehicles (primarily trucks) are commercially available. Gasoline vehicles may also be
converted to use LPG using commercially available conversion kits. There are roughly
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400,000 LPG vehicles in the U.S., and perhaps as many as 3,000 in Hawaii including
school buses, tour buses, cars, trucks, airport support vehicles, and forklifts. The City
and County of Honolulu, with over 25 years of experience with the use of LPG in their
vehicles, currently has 139 vehicles fueled by LPG and plans continued use of LPG.

3.5.5.5. THE SCREENING OF CANDIDATE ALTERNATIVE
FUELS

There are several federal and state government efforts to support alternative fuels, and
several possible Hawaii-specific scenarios for substituting petroleum with alternative fuels.
It may not be feasible or cost-effective to pursue all of the alternative fuels, however.
When the fuels were evaluated with respect to their potential contribution to a set of
strategic and near-term considerations, electric energy and alcohol fuels were found to
contribute to the objectives more than the other alternative fuels. See Table 3-5, below.

Long Term Strategic Considerations for Alterntive Fuels

Criteria Alcohol Biodiesel Electricity | Hydrogen Natural Synthetic LPG
Gas Natural
Gas
Potential energy security + + + + 0 - 0
benefits!
Potential environmental + + * + + + 0
benefits (including safety)
Potential benefits to Hawaii + + + + - - -
economy )
Potential for locally available + 22 + + - o -
feadstocks to sup
substantial volumes of

ene

Likely to be increasingly + + + + (1] 0 (o]
competitive with gascgine

and dieset

Provides flexibility and less + + + 0 - o -
uncertainty

Near-Term Considerations for Altemative Fuels

Criteria Alcohol Biodiesel Electricity | Hydro-gen Natural Synthetic. LPG
Gas Natural
Gas

Currently available in + - + - - + +
enough volume to supply
demonstration programs
Could be used in vehicles + + + 3 + - +
which are currently com-
mercially available
Could be used to some de- 0 0 o - - - +

ree w! little effort & cost
Has broad public support® + + + 0 0 0 +
Pass the screen? Yes Yes Yes No® No No Yesb

Notes;

1) A“" score indicates that a fuel has a reasonable potential to be produced in substantial volumes from domestic resources.
AQ” nsgore implies that an imported fusl might offer increased secunty of supply and price stability compared with crude oil
imports,

2) No analysis available on potential biodiesel production in Hawaii; crop dependent, among other factors.

3) In this study, “hydrogen vehicles” were considered to be intsmal combustion engine vehicles.

4) DBEDT assessment. o

5) Although hydrogen scored well with respect to the strategic criteria, its score under near-term considerations was
prohibitively poor.

6) Although propane scored poorly with respect to the strategic criteria, its score is clearly superior for near-term
considerations and it was, therefore, evaluated further. Y

Table 3-5. Screening of Alternative Fuels
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3.5.5.6. INFRASTRUCTURE REQUIREMENTS

Existing fuel distribution infrastructure, new infrastructure 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).

3.5.5.7. POTENTIAL FOR LOCAL PRODUCTION OF
ALTERNATIVE FUELS

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.

Scenarios considered included, among others: (1) use of agricultural byproducts and other
wastes; 2) use of only those lands (or equivalent lands) taken out of intensive cultivation
during the past 25 years (approximately 100,000 acres); 3) conversion of all lands
presently in intensive cultivation (nearly 230,000 acres) to energy crop production; and 4)
use of those lands (or equivalent lands) presently and previously (25 years ago) in intensive
agriculture (nearly 330,000 acres). Selected results of these scenarios are shown in Figure
3-12.

600 T
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100 + m Statewide Ground
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Fuel Demand

millions of gasoline equivalent gallons

Scenario

Figure 3-12. Potential Transportation Energy Production in Hawaii
from Energy Crops, Agriculture Residues, and Wastes

It appears feasible to achieve commercial yields of 18 to 25 tons of biomass (dry matter
basis) per acre per year if inputs (water and nutrients) are not limiting. It is likely that with
aggressive breeding and selection, significantly higher commercial yields of the fiber crops
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are achievable. Green waste (yard, wood, and food waste) and sugarcane residues
presently not used for boiler fuel represent other significant energy resources.

The estimated amount of transportation fuels producible from a unit of biomass varies,
depending on the type of fuel produced and the technology employed. The yields of
ethanol from sugarcane (110 gallons per ton dry matter) and methanol from plant fiber (150
gallons per ton dry matter) are comparable on a gasoline-equivalent basis, with both
options yielding about 75 gasoline-equivalent gallons (GEG)S per ton of feedstock.

3.5.5.8. COSTS OF ALTERNATIVE FUELS

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

Alcohol Fuels

The first element considered for each of the fuels was the cost of the fuel at the point of
production. The projected plant-gate cost for Hawaii-produced methanol varied from

$0.67 to $1.53 per gallon ($1.34 to $3.06 per GEG), increasing as the capacity of the plant
decreased and the cost of the feedstock increased.

The projected plant-gate cost for Hawaii-produced ethanol varied from $0.82 to $1.74 per
gallon ($1.23 to $2.61 per GEG). Other studies have projected that with scale-up of
existing technology, ethanol from biomass, assuming a $40/ton feedstock cost, should
have a plant-gate cost of roughly $1.00 per gallon. Those same studies project even lower
ethanol production costs with anticipated improvements in technology. Previous studies
have also suggested numerous byproducts, with significant potential to reduce the net cost
of producing alcohol fuels from biomass.

Although the gasoline-equivalent cost for methanol appears to be somewhat lower than that
for ethanol, a much large methanol plant would be required than for an ethanol plant to
achieve economic scale.

Next, transport and infrastructure costs were considered. Pump prices (including fuel
costs, infrastructure costs, shipping, taxes, and retail margin) were estimated for several
scenarios. The most obvious conclusion of the cost analyses was that, with current
technology, prices, and taxes, alternative fuels (other than low-level ethanol blends) are
more costly than gasoline.

Projected fuel costs for M85 and E8S5 are higher than gasoline, on a gasoline equivalent
gallon basis, for all cases tested. If state and county fuel tax rates were to be adjusted on
the basis of energy content, projected M85 and E85 costs would be comparable or less than
current gasoline prices in two cases. Key cost elements are feedstock and processing costs;
application of federal tax incentives; and fuel transportation (shipping, hauling, and
terminal) costs.

6 For the purposes of this study, a “gasoline equivalent gallon,” or GEG, is 2.0 gallons of methanol and
1.5 gallons of ethanol, based on the energy contents of the fuels.
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For electric vehicles, the most significant cost element was the cost of the vehicles. A
variety of technologies, manufacturers, and prices are available; the rapid pace of
development in this area makes a comparative cost estimation for electric vehicles 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.

3.5.5.9. BENEFITS OF LOCAL PRODUCTION OF
ALTERNATIVE FUELS

A goal of petroleum displacement of 20-30 percent in the ground transportation sector
would support the 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. At today's petroleum prices, debates continue on whether any substitution is
worthwhile, even considering externality costs.

These factors were considered extensively during the development of U.S. energy policy,
and became particularly intense during the discussions of EPACT. In the end, although
nominal goals of 10 percent nationwide substitution and 30 percent nationwide substitution
were established for 2000 and 2010 respectively, EPACT’s implementation measures (fleet
purchase requirements) only provide a substitution between 2 and 4 percent nationwide by
2010. Many feel that the modest extent of the mandatory measures included in EPACT is
deliberate, intended to provide time for alternative fuel technologies to develop and costs to
be reduced. Hawaii could similarly follow the EPACT approach and distinguish long-term
goals from short-term programs.

Environment -- Air Quality: Carbon Monoxide and Ozone

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 compounds air pollutants in the U.S.
came from burning gasoline and diesel fuels in cars and trucks.

All of the model year 1992 alternative fuel vehicles in a recent fleet test produced less
carbon monoxide than the control gasoline vehicles. Although some alternative fuels
produced more NO, and hydrocarbons than gasoline, it is the reaction between NO, and
hydrocarbons (some hydrocarbons are less reactive than others) that produces ozone. The
alternative fueled vehicles produced fewer ozone-causing emissions than the control
gasoline vehicles.

Environment -- Air Quality: Toxic Emissions

In addition to carbon monoxide and ozone, there are several other toxic airborne chemicals
(referred to as “air toxics™) associated with vehicle fuels. Benzene, toluene, polycyclic
organics, and formaldehyde are a few. Benzene, a known potent cancer-causing
substance, is present in all Hawaii gasoline. Eighty-five percent of human exposure to
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benzene comes from gasoline. Dedicated alcohol-fueled vehicles would offer even greater
emissions benefits than the flexible-fueled vehicles, since they would be optimized to
increase fuel economy as well as combustion efficiency; catalysts could also be optimized
to remove formaldehyde and acetaldehyde.

Environment -- Greenhouse Gas Emissions

Fossil fuels are major contributors to the increasing levels of atmospheric carbon dioxide
implicated in global warming. Renewable fuels, such as from biomass, result in the release
of CO, when the fuels are burned - but unlike with fossil fuels, in the renewable fuel case

the biomass re-uses the CO, as part of its growing cycle. Life cycle emissions of
greenhouse gases are difficult to quantify; however, alternative fuels in general contribute
less net CO, to the atmosphere than does gasoline.

Local Economic Benefits

Domestic production of alternative fuels, although perhaps more expensive than oil, could
provide economic benefits such as new domestic investment and local jobs. This theme
underlies the financial incentives in EPACT and recent discussions on domestic production
of components of reformulated gasoline.

In Hawaii, economic benefits may be even more significant given the condition of the
state’s sugar industry. Hawaii’s sugar industry declined from 7,282 direct hourly
employees in 1980 to 4,453 in 1990, a loss of more than 2,800 direct jobs and
approximately 10,000 total jobs given a multiplier of 3.54 associated with this industry.

Worldwide, the investment required to create jobs ranges from $30,000 to $100,000. If an
alternative fuel program in Hawaii could be designed to preserve jobs at costs in this range,
such a program may be considered to be competitive with typical options for job creation.

A large-scale alcohol industry corresponding to substantial petroleum substitution could
include a 59 million gallon per year fiber-to-methanol plant large enough to attain
economies of scale. An alternative fuels program focused on making the methanol
produced at this plant competitive for use in M85 vehicles would require a subsidy ranging
from seven cents per gallon (“low cost” case) to about 42 cents per gallon (average of “low
cost” and “high cost” cases).

Is such a subsidy cost-effective for job preservation? Investment in one of these plants
could, circumstances permitting, preserve 2,000 - 2,500 direct and indirect jobs. The jobs
associated with such a plant, which would supply about 7 percent of the fuel demand for
ground transportation in Hawaii, could offset some of the job loss experienced by the
Hawaii sugar industry from 1980 to 1990.

If the fuel was subsidized at the rate of 7 cents per gallon, the cost of the fuel subsidy in
that year (assuming all factors, including gasoline prices, remain constant) would be
$4,000,000 or about $2,000 per job. If the fuel was subsidized at the rate of 42 cents per
gallon, the cost of the fuel subsidy would be $25,000,000 or about $11,000 per job.
Whether these would be reasonable or desirable levels of public support depends on the
total value to the state of this economic activity and whether these levels of support could be
reduced or eliminated as feedstock prices decreased, technology improved, or other
conditions changed.
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EVs may provide attractive economic opportunities as well. EVs are already being
produced in Hawaii, and local production will increase. A study identified more than
24,000 direct and indirect jobs in California if EVs were manufactured there to meet the 10
percent ZEV requirement. Thus, scaling on the relative number of automobiles in
California and Hawaii, if EVs could obtain a 10 percent market share in Hawaii, there
could be about 1,000 direct and indirect jobs associated with EV production in Hawaii.
Although the actual number could be less if Hawaii did not produce all the components EV
production could still create a significant number of jobs in Hawaii.

Refinery Impacts of Substitution

HES 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 does
not cause seriously negative impacts on the refineries, provided refinery investments are
appropriately made to adjust for the change in the demand barrel. With sufficient
government and private sector cooperation, refinery impacts do not preclude an aggressive
substitution goal.

3.5.5.10. POTENTIAL ELEMENTS OF AN ALTERNATIVE
FUELS PROGRAM

A number of potential measures to encourage the local production and use of alternative
fuels were introduced. 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 for individual measures may
be reviewed in the HES Project 5 Report and will not be presented here.

3.5.5.11. POSSIBLE SCENARIOS

Several of the measures mentioned in the previous section were complementary to each
other. For example, a measure such as alcohol blending may spur local fuel production of
several million gallons per year and thus allow the lower-volume, higher-cost phases of
alcohol (M85/ES8S) for use in AFVs to be avoided. Or, the provision of vehicle incentives
may increase the attractiveness of AFVs (and therefore the demand for fuel), thereby
reducing fuel costs.

Some measures may interfere with one another or increase program costs. For example,
aggressive AFV measures (such as private fleet mandates) increase the number of
alternative fuel vehicles and reduce the number of conventionally fueled vehicles - which
reduces the amount of conventional fuel into which low levels of alcohol may be blended.
Another example would be a case in which alcohol incentives were put into place with the
intent of making high-level alcohol fuels cost competitive with gasoline, but those
incentives were used for low-level blends (for which a much smaller incentive, if any,
would have been sufficient); in such a case, large costs would have been incurred with little
additional benefit.

Measures were combined in nine scenarios to illustrate a range of approaches. The nine
measure combinations (scenarios A through I) are listed below:

A. Common Elements Only;
B. Ethanol Blending (10%);
C. Ethanol Blending (10%) & Alcohol Vehicle Purchase Incentives;
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D. Alcohol (M85/E85) Fuel & Vehicle Purchase Incentives;

E. Alcohol (M85/E85) Fuel & Vehicle Purchase Incentives & Alcohol (10%)
Blending;

F. Alcohol & Electric Vehicle Purchase Incentives;

G. Ethanol Blending (10%) & Vehicle Incentives, Fleet Mandates Later;

H. Fleet Mandates & Fuel & Vehicle Incentives; and

I. Everything.

Several measures were selected for inclusion as common elements in all scenario runs. In
general, these were measures which had already occurred to some extent, were occurring
or expected to occur voluntarily, or were essentially non-controversial and non-cost items.
The measures included as common elements in all scenario runs are shown in Table 3-6.

A2a New or Replacement Fueling Facilities to be Alcohol-Compatible
A2b2 | Off-Peak Recharging for Electric Vehicles Available at a Reduced Rate

AS Adjust Fuel Taxes on the Basis of Energy Content
A13a Fleet Purchase Requirements for State Government Fleéts
02 Pubfic Education / Outreach -

Table 3-6. Measures Included as Common Elements in All Scenario Runs

Measure A.2.a was expected to occur voluntarily to some extent; increasingly stringent
underground tank requirements may result in voluntary instailation of highly corrosion-
proof tanks, such as double-walled stainless steel tanks, which are compatible with high
level alcohol blends. Measure A.2.b.2, off-peak recharging of electric vehicles, was
determined to be 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. Measure A.6, adjustment of fuel taxes
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450,000,000
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==——A. Common Elements Only
350,000,000 {— — ~— — |=—L3—B.Ethanoi Biending (10%) L
|==fX~—C. Ethandl Blending (10%) & Alcohol Vehicle Incentives

==3€—D. Alcohol (MBS/EBS) Fue! & Vehicle Purchase Incentives

~—JM—E. Alcohol (M3S/EBS) Fuel & Vehicle Purchase Incentives & Akohol (10%) Blending

Gasoline Equivalent Gallons

300,000,000 {— — ~ — [~—O——rF. Akohd & Electric Vehicle Purchase Incents -———
——}——G. Ethancl Blending (10%) & Vehicie Incentives; Fleet Mandates Later
H. Fleet Mand. & Fuel & Vehicle Incentives
——t——], Everything
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Figure 3-13. Projected Gasoline and Diesel Demand Under Various Scenarios,
1995-2014
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on the basis of energy content, would remove a disincentive to alternative fuel use while
maintaining funding levels for highways; therefore, this measure was considered a non-
controversial, non-cost item. Measure A.13.a, State Government Fleet Purchase
Requirement, had already occurred with Administrative Directive 94-06. Measure 0.2 was
already occurring, with public and private organizations cooperating in public education
and outreach on the topic of alternative fuels and AFVs.

Displacement of Gasoline and Diesel

The projected demand for gasoline and diesel fuels varies by scenario, as shown in

Figure 3-13. Demand is shown in terms of GEG of gasoline and diesel. As may be
expected, the projected displacement of gasoline and diesel in 2014 was greatest for those
scenarios involving fleet mandates and alcohol blending (Scenarios G and I), followed by
fleet mandates without alcohol blending (Scenario H). Very similar projections of gasoline
and diesel demand were obtained for Scenarios B, C; and E, indicating that the most
significant element in those scenarios is the shared element of ethanol blending; likewise,
similar projections are obtained for Scenarios A, D, and F, indicating that the proposed
level and application of fuel and vehicle credits, even in combination, are not projected to
have a significant effect on overall demand for gasoline and diesel.

Cost Per Unit of Gasoline and Diesel Displaced

Several of the measures included in scenario runs had costs associated with their
implementation. Costs for scenarios were determined for each year between 1995 and
2014. Projected costs were distributed across the projected gasoline and diesel
displacement for each year to obtain estimated cost per GEG gasoline and diesel displaced.
Results are shown in Figure 3-14.
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Figure 3-14. Cost ($) per GEG of Gasoline and Diesel Displaced Under Various
Scenarios, 1995-2014
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Number of Alternative Fuel Vehicles

The scenarios with fleet mandates (Scenarios G, H and I) were projected to have
significantly more AFVs in use by 2014 than other scenarios. Even without fleet
mandates, several thousand (about 60,000) AFVs were projected to be in use by 2014.
The difference in total number of vehicles between the various scenarios and the “future no
action” case was due to increased voluntary purchases of alternative fuel vehicles (primarily
due to public outreach efforts).

The total number of AFVs projected under scenarios A through F remained fairly constant,
in spite of different combinations of fuel and vehicle incentives. The overall effect of the
modeled incentives was to influence the mix of alternative fuel vehicles, as illustrated by
Figure 3-15, below, rather than to increase the total number of alternative fuel vehicles.
These results are very sensitive to availability of alternative fuel vehicles from the
manufacturers.

100% 1
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40%
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’ I
Figure 3-15. Estimated Mix of Alternative Fuel Vehicles Under Various Scenarios,
2014

Jobs

The employment potential of each of the various scenarios was estimated; as in the measure
evaluations, the majority of the projected jobs occurred when the demand for alcohol fuels
became greater than 30 million gasoline equivalent gallons per year.

Projected cost per unit of employment for each of the scenarios was obtained by dividing
projected cumulative costs in constant dollars (cost elements are discussed in the previous
section) by potential cumulative person-years of employment between 1995 and 2014.
Results are shown in Figure 3-16, on the next page.
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As illustrated by the columns representing employment, potential employment under an
alternative transportation fuels program varied considerably from one scenario to another.
Cost per job also varied considerably; the lowest cost per job occurred with Scenario A, but
the total number of jobs was very small as well. Scenarios B and C showed potential for
almost 30,000 cumulative person-years of employment between 1995 and 2014.
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Note: Bars show person-years of employment to 2014. Squares show net present value of investment per person year of
employment to 2014. Scenario E costs per unit of employment are off the scale.

Figure 3-16. Cumulative Employment (Person-Years, 1995-2014) and Cost Per Job
Summary of Alternative Fuel Program Element Potential

If the overall objectives are maximum displacement of gasoline and diesel fuel, or
maximizing the number of AFVs in use, then scenarios G and I are projected to accomplish
the greatest amount of displacement both immediately and over a twenty-year timeframe
(although, as previously shown, with a relatively high projected cost per GEG displaced).

If the objective is the lowest cost per GEG of gasoline and diesel displaced, than scenario A
is preferable, although the magnitude of displacement is less than other scenarios. If the
objective is maximum potential employment, camulative over a twenty year timeframe, then
Scenario I is preferred. If the objective is significant employment potential at the lowest
cost, then Scenario B is preferred.

If a combination of objectives are to be met, then Scenario G, which provides the second
highest level of gasoline and diesel fuel displacement with second highest level of
employment and the fourth highest cost per GEG displaced with sixth highest cost per
person-year of employment, may be the preferred option.
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The scenarios evaluated are merely a sample of possible approaches. As costs,
technologies, and resource constraints change, the tools developed for HES Project 5 may
be updated and used to evaluate the new situation.

3.6. PROJECT 6 - ENERGY VULNERABILITY REPORT AND
CONTINGENCY PLANNING

3.6.1. Project 6 Purpose and Objectives

Project 6 determined the vulnerability of Hawaii's energy systems to energy disruptions
stemming from natural disasters and identified ways to reduce that vulnerability. Also, the
project assessed the state's capability to contend effectively 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, where appropriate, recommended future funding support by the
Federal Emergency Management Agency (FEMA) to mitigate existing hazards. The
objectives accomplished by the energy vulnerability assessment were as follows:

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

. To evaluate industry/state energy emergency readiness and acceptable levels
of risk in view of potential vulnerabilities; and

. To recommend hazard mitigation initiatives to decrease energy system
vulnerability and improve Hawaii's energy emergency contingency planning
and response capability.

3.6.2. The Problem -- Hawaii's Vulnerability to Energy
Emergencies

Hawaii's vulnerability to energy emergencies is a reflection of its extreme dependence on
oil; the decline in oil being produced by its current sources of supply; increased future
reliance on politically unstable sources of oil; relative isolation and long distance from its
normal sources of supply and the U.S. Strategic Petroleum Reserve; the lack of utility grid
interties; and the unpredictability of energy disruptions resulting from political and
economic events, or natural disasters. These elements make it crucial that the state is
prepared to deal with its energy vulnerability and the sudden unpredictable nature of energy
disruptions.

The impacts of recent natural disasters on Hawaii's energy facilities were significant. In
1982, Hurricane Iwa caused $6 million in restoration costs to Kauai's electric system. In
1992, Hurricane Iniki destroyed a third of Kauai's electric system and caused $60 million
in restoration costs -- ten times the damage of Hurricane Iwa.

Consumers were also severely affected, even after recovery. Following Hurricane Iniki,
Kauai's electric utility, Kauai Electric Division, filed for a rate increase of 32 percent to be
phased in over 11 months to recover the costs of repairing and strengthening the electric
transmission and distribution system after Hurricane Iniki's devastation. A typical monthly
residential bill would increase from $82 to about $115. The economic effects and
individual hardship of this increase are fairly evident, as Kauai continues its struggle to
TECOVer.
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On the basis of Kauai's experience, a state-wide estimate of potential utility system damage
was calculated for future Iniki- and Iwa-type storms. As depicted on Figure 3-17, without
additional hazard mitigation, the impacts of such storms and other natural disasters could be
devastating to the economy.

Flniki-type Storm (Peak Wind = 145 mph) ® lwa-type Storm (Peak Wind = 92 m@J
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Figure 3-17. Potential Utility System Damage Costs by
Hurricane Iniki- and Iwa-type Storms
3.6.3. Project 6 Approach

A statewide energy infrastructure vulnerability assessment was conducted. This energy
vulnerability assessment was identified as a hazard mitigation need in the aftermath of
Hurricane Iniki.

. Project 6 assessed the physical and procedural vulnerabilities of Hawaii's energy systems.
In July, August, and November 1994, a team comprised of representatives from the U.S.
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
reliability, reducing vulnerability, and/or facilitating rapid restoration of services were
assessed as a basis for specific recommendations.
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3.6.4. Findings of Project 6

3.6.4.1. HAWAIL ENERGY FACILITY VULNERABILITY TO
NATURAL DISASTERS

A study of the history of natural disasters causing 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 cost/benefit analyses. The
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 are based largely on historical data and
reflect the location and relative number of energy and lifeline facilities relative to the hazard.
The reports identified specific facilities which were vulnerable to natural disasters.

Earthquakes. Based on earthquake data obtained from the National Geophysical Data
Center, Oceanic and Atmospheric Administration for earthquake events of magnitude 6.5
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 terrain 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 on the incidence of hurricanes since 1957, the expected
recurrence intervals by island were estimated as follows: Kauai -- 25 years; Oahu, Maui,
Molokai, and Lanai -- 50 years; and Hawaii -- 100 years. Hurricane Iwa and Hurricane
Iniki flooded coastal areas as well as inflicting major wind damage.

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.

Volcanic Activity. A DOE study of volcanic hazards for the Hawaiian Islands reviewed
geological data covering the last million years. 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 1000
years.

3.6.4.2. HAWAII ENERGY SYSTEM VULNERABILITY TO
OTHER FACTORS

Petroleum Dependence. Hawaii’s relative isolation and lack of nearby sources of
petroleum make energy planning, energy emergency preparedness, and system reliability
very important to the state. 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.
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Regulatory Changes and Economic Trends. The petroleum supply and distribution
infrastructure is experiencing downsizing and changes due to regulatory constraints and
economic trends, which may limit system flexibility and the ability to respond to a supply
emergency in an efficient manner.

3.7. PROJECT 7 - HAWAIl ENERGY STRATEGY PROGRAM
INTEGRATION

3.7.1. Project 7 Purpose and Objectives

Project 7 integrated the findings of the overall HES program into a comprehensive state
energy strategy. This included facilitating the integration of information among the other
six projects and inclusion of that information in the final report. The draft final report was
presented to the public to obtain feedback for inclusion in the final published report.
Policy, legislative, and regulatory initiatives for implementation and evaluation were
developed and recommended. These are reported in detail in Chapters 5, 6, and 7.

Based upon the work of the other HES projects, Project 7 identified, assessed, and
recommended the potential public policy mechanisms (e.g., legislative, regulatory, or both)
by which to implement a "least-cost" strategy for energy development in Hawaii. Existing
energy policy and planning management frameworks were used for synthesis, integration,
and evaluation of policy and planning initiatives that emerged from the component projects.

Project 7 also developed, evaluated, and recommended policy initiatives and plans to
formalize an energy planning and policy evaluation system within state government; e.g.,
institute a statutory requirement to conduct integrated energy planning on a biennial basis.
Project 7 also developed 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.

Finally, Project 7 evaluated, developed, and recommended policies and procedures to
internalize energy externalities in Hawaii's regulated and non-regulated energy sectors.

3.7.2. How Project 7 Was Accomplished

- DBEDT Energy Division staff drafted the first outline of the HES Final Report in June
1992. The outline was included in the HES Program Guide in September 1992 and
was provided to all Project Managers and their consultants to assist them in developing a
compatible final project report. Systematic Solutions, Inc. (SSI), was competitively
selected as the Project 7 in March 1993.

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 or combinations of
recommendations within the context of the overall energy system, as well as the economy.

A method was needed to model the Hawaii energy system so that various future scenarios
could be examined. Project 7 proceeded to perform this integration and evaluation.

With the assistance of our consultant, the DBEDT Energy Division proceeded to build the
integration and evaluation capability by developing a computer-based policy analysis tool.
The ENERGY 2020 model and the Regional Economic Models, Inc. (REMI), economic
input/output model were used to develop an automated system for use in evaluating the

Hawaii Energy Strategy 3-50



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.

Injtially developed for the USDOE, ENERGY 2020 was designed as a computer simulation
mode] for planning and policy scenario analysis. While it originally focused on the utility
sector, a transportation sector module is also used in the Hawaii version. The model
simulates causal relationships between supply, price, and demand for all fuels; impacts on
the economy; and the results of changes in policies. :

As noted in the discussion of Project 1, ENERGY 2020 was originally adopted for use as
the Analytical Energy Forecasting Model. As shown in Figure 3-1 on page 3-2, the model
uses feedback between economic, demand, production, capacity expansion, regulatory,
and utility finance components to dynamically simulate their interrelationships. The model
is described in more detail in Chapter 5.

Since there was no current economic model or forecast available for the State of Hawaii,
the REMI model was obtained to develop such forecasts for the state and each county.
REMI was used to test alternative growth rates in the major economic sectors, such as
tourism and defense. The forecast also considered the impact of U.S. mainland and

J; alilg.rgese economic conditions on Hawaii’s economy when evaluating various energy
policies.

To support the objective of establishing a state government energy planning and policy
analysis and evaluation system, the consultant provided in-depth staff training on the
operation and maintenance of the ENERGY 2020 and REMI models. This training
occurred throughout the project period.

3.7.3. Findings of Project 7

&7 o&oilo ENERGY RESOURCES' EXTERNAL COSTS AND
BENEFITS -- "EXTERNALITIES"

Energy prices are currently determined by market forces which reflect the cost of
exploration, production, distribution, and other factors similar to those involved in the
manufacture and sale of any commodity. However, there are certain environmental, social,
cultural, and economic costs which are not reflected in the prices Hawaii’s citizens pay for
energy. Some of these costs are:

. 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 our energy supplies;

. Effects of oil imports on our economy;

. Government subsidies;

. Oil spills and fuel tank leakage and their effects on the environment and
commerce;
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. Effects of pollution on historical sites, buildings, and other facilities; and
. Cultural impacts.

In one way or another, everyone pays these costs, but often indirectly, or outside the
financial transactions of the energy marketplace.

Project 7 conducted research to determine what other jurisdictions' policies and experiences
were with calculating and assigning values to these external costs, so that these costs are
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 cost and
benefits of the energy resources evaluated for selection in the IRP process, Project 7 also
reviewed how Hawaii utilities attempted to accomplish this in relation to the experiences of
the other jurisdictions.

In the first IRP cycle, no agreement was reached on a standard externalities accounting
system among Hawaii's utilities and other parties, or between the utilities and the PUC.
Project 7's work in this area is being used in DBEDT Energy Division’s participation in the
HECO Externalities Advisory Group. It is expected that the work of the Advisory Group
will develop a set of Hawaii-specific externalities to meet the PUC’s requirements.

3.7.3.2. COMPREHENSIVE STATE ENERGY PLANNING

One of the Project 7 recommendations is for a formal requirement for long-range,
comprehensive state energy planning. However, this recommendation does not lend itself
to computer modeling to determine its costs and benefits. Accordingly, this section will
briefly describe this type of energy planning and, using the State of Maine as an example,
illustrate the types of outcomes that can be obtained from effectively employing
comprehensive state energy planning.

What Is “Comprehensive State Energy Planning”?

As recommended by the HEP program, comprehensive state energy planning is an open,
public process by which the state should 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. The planning period should be at least 20 years
to coincide with the utility IRP planning horizon. (When one considers that-utility-scale
power generators have expected operational lives of from 20 to 40 years, the 20 year
planning period is amply justified). To the extent possible, the process should actively
involve the state's professional energy community (industry, environmental groups, etc.)
throughout the entire planning cycle, but especially in the technical review of each
component of the process. For example, in the development of the state-wide energy
demand forecasts, energy utility representatives should review the forecast methodology as
well as the forecast itself.

Figure 3-18 illustrates the planning process and its iterative nature over time. From start to
finish, public involvement and technical review is central to the process. It begins with a
needs and energy resources assessment or update to determine planning focus and available
resources. Next, based on policy and planning analysis, specific plans and policies are
developed to address identified needs and take advantage of cost-effective energy resources
(supply- and demand-side). The next steps are the implementation and evaluation to
determine the effectiveness of plans and policies. While this is an oversimplification of the
energy planning process, it highlights the main steps.
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Figure 3-18. Comprehensive State Energy Planning - Simplified Diagram

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

Long Range Energy Supply/Demand Forecasts. Staff should review and
analyze the forecasts of gas and electric utilities and other energy suppliers. Using
these and its own capabilities, the state should produce and periodically update its
own independent forecasts to serve as a "check of reasonableness" against other
forecasts. Forecasts should be developed for each county, as well as for the state
as a whole.

Energy Resource and Technology Assessment. Here both supply-side and
demand-side resources and technologies are assessed for their availability and cost
effectiveness for meeting current and forecast energy needs. Both direct and
indirect costs and benefits should be factored into these analyses. Those resources
and technologies which have been selected should be recommended for acquisition
with measurable milestones over the planning period. If, for example, certain
incentive policies are required to support acquisition of these resources and
technologies, these policies would also be recommended for additional evaluation
and integration into the energy plan. This should be done for both the regulated
(utility) and non-regulated (transportation, etc.) energy sectors.

Energy Emergency Preparedness (EEP) Plan. Under Chapter 125C, HRS,
the state and counties are already required to update their EEP Plans every two
years. These updates should be summarized in the energy plan, and any policy
recommendations that emerge from the update process should be recommended for
additional analysis and integration into the energy plan.

Renewable Energy Research, Development and Commercialization
(RD&C) Strategy. A distinct RD&C Strategy with supportive policies and
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measurable objectives designed to responsibly develop Hawaii's indigenous,
renewable energy resources and bring them "on-line" at the earliest cost-effective
opportunity over the planning period is developed.

e Integration. The integration step is where the recommended policies of the other
planning components are further modeled and analyzed for their probable effects on
Hawaii's energy system, environment and economy. This analysis should examine
economic impacts, such as job creation, cost of energy, etc. Environmental effects
can be evaluated, such as emission changes. Energy system changes can be
assessed for impacts on demand, supply-side diversification, and so forth.

How Should Hawaii Organize for Comprehensive Energy Planning?

The structure Hawaii has used begins with the Energy Policy Advisory Committee
(EPAC), comprised of the "executive leadership” of Hawaii's public and private energy
community (e.g., CEQ's of energy utilities, 0il companies, environmental groups, etc.).
The EPAC provides energy policy advice to the State Energy Resources Coordinator. The
Integration Group (IG) was formed as a senior staff technical support group to perform
technical review and integration activities in support of the state comprehensive energy
planning process. The IG representatives are from the same organizations represented on
the EPAC. The EPAC and IG have been active in the state's energy planning and policy
work since 1989.

The public's involvement is considered essential to the success of the state's energy
planning and policy development activities in order that policy recommendations that come
out of the energy planning process are understood, supported and can be successfully
implemented. Due to keen public energy awareness and activism (almost 200 people
attended the second HES Workshop), it seems clear that the members of the public want to
be active participants in the planning process. It seems that the state's existing public
involvement activities adequately support this need for public participation.

Why Should Hawaii Formalize and Continue to Conduct Its
Comprehensive Energy Planning Activities?

First, this HES report and the information, policy anatyses 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 only the first iteration of the biennial planning cycle. These
types of outputs are expected in future plans to offer decision-makers in government or
industry the most up-to-date, in-depth energy information and analysis available on
Hawaii. This information is needed to adequately support the statutory energy planning
and policy role of the State Energy Resources Coordinator -- the Director of Business,
Economic Development, and Tourism. 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.

Also, a principal goal of the HES program was to train DBEDT Energy Division staff and
build the capability to continue the state's comprehensive energy planning and policy
analysis activities. This has been accomplished and, if supported with adequate resources,
can allow the state to carry on energy planning and policy analysis with minimal or no
support from external consultants.
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Finally, the results of other states that require the production of a comprehensive energy
plan exemplify the type of tangible energy, environmental and economic outcomes that are
possible by developing, implementing, evaluating and refining the energy plan over time.
Approximately 19 states now require comprehensive energy planning. One particularly
instructive example is the case of Maine.

Maine - A Case Study in State Energy Planning

Since the 1980's, Maine has been a leader in state energy planning and policy work. But,
to determine just how successful its energy policies have been, in 1992, an independent
research consortium (Economic Research Associates, American Council for an Energy-
Efficient Economy, and Tellus Institute) was engaged by the non-profit Mainewatch
Institute to conduct a study "designed to identify the economic and environmental tradeoffs
which resulted from Maine's energy policies of the 1980's.”7

Essentially, the report found that Maine had accrued significant energy, environmental, and-
economic gains as a result of its progressive energy policies. Three alternative scenarios
were developed to represent plausible interpretations of what might have taken place had
the policies not been implemented. The study compared energy, environmental and
economic impacts of the three alternative scenarios' and the actual outcomes. Table 3-8
summarizes some of the costs and benefits estimated to have been attributable from Maine's
energy policies over the period 1987 to 1992, as compared to the three scenarios.

Actual

S-1

S-2
S-3

Note: All values are in millions of dollars. Environmental costs were derived using the Massachusetts Dept. of
Public Utilities' 1992 emission "externalities” values.

Table 3-8. Summary of Maine's Energy Policies’ Impacts, 1992

Table 3-8 shows that while Maine's energy policies have required more revenue to
implement, they have also meant substantial benefits in terms of contributions to the GSP
and reductions in environmental impacts. In addition, the study observed that from 1,800
to 3,300 new jobs were created as a result of Maine's energy policies, which were
estimated to be equivalent to the start-up of from 14 to 26 new small manufacturing plants.
Overall, the study estimated that Maine's energy policies resulted in from an additional
$120 to $220 million increase in 1992 GSP.

Not displayed in the table is the significant supply-side diversification, especially new
biomass resources, which Maine has acquired in the utility sector. In 1982, Central Maine
Power Company (CMP) held agreements with three non-utility generators (NUG) for

7 Energy Choices Revisited: An Examination of the Cost and Benefits of Maine's
Energy Policy, Mainewatch Institute, February 1994, p.3.
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about 150 MW of firm power from biomass (primarily wood waste from paper and lumber
industries). By 1992, these numbers had changed dramatically to 700 MW (about 500
MW from biomass) of purchased power for CMP provided by 22 NUGs.

While it took Maine some time to realize the benefits of progressive state energy planning
and policy developments, it is clear that the potential gains to be made are substantial. Itis
also important to point out that in addition to the economic efficiencies and environmental
benefits, comprehensive energy planning pays off in other ways. For example,
contributing to hazard mitigation of energy infrastructure and energy emergency planning
and response to energy emergencies; and supply-side diversification strategies can mean
more economic security during oil price or supply disruptions.

3.7.3.3. STATE ENERGY SYSTEM MODELING CAPABILITY

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

3. 7.3.4. 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 management expertise.

3.7.3.5. 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) of the Hawaii Revised
Statutes, as amended by Act 96, Session Laws of Hawaii 1994. The energy policy
objectives were the basis of these three scenarios: Cost-Effective Energy Diversification
(CEED); Maximum DSM/Maximum Renewable Energy (DSMRE); and Energy Security
(ES). 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.

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 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 0il dependence by also using maximum DSM, efficiency
measures, and renewable energy, but coal was also considered as an alternative to oil.

The ENERGY 2020 model is described in Chapter S along with highlights of the economic
forecast used. Chapter 6 provides an energy forecast for Hawaii. Chapter 7 looks at
demand-side management measures which are subsequently employed in Chapter 8. The
results of the ENERGY 2020 model runs for the three scenarios are detailed in Chapter 8.

The next chapter in this report examines Hawaii’s current energy situation as a basis for
understanding the forecasts for the future.
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CHAPTER 4 - HAWAII'S CURRENT ENERGY SITUATION
4.1. ENERGY AND HAWAII

Energy is one of the key factors shaping Hawaii's economy, standard of living, and
environment.

Energy fuels Hawaii’s economy. Energy fuels the jets bringing visitors to the islands; it
moves them around the islands; and provides air conditioning, hot water, and lights to
make their stay more comfortable. Energy supports Hawaii’s military installations and the
military’s Hawaii-based operations. Energy is used to grow, harvest, and refine Hawaii’s
sugar and other agricultural products. Energy lights our stores, refrigerates our food, and
provides myriad other services.

Hawaii's citizens also enjoy energy services for transportation, hot water, refrigeration,
lighting, cooking, and other essential uses. Hawaii's residents use less energy in their
homes than the citizens of any other state, primarily because of Hawaii’s comfortable
climate. As a state, our overall energy use is the tenth lowest in the country.

Energy is also a problem for Hawaii. Hawaii’s dependence on oil for 90 percent of our
energy is the major energy problem. Oil poses risks to Hawaii’s economy of possible oil
price increases and supply problems. Qil is also more dangerous to Hawaii’s environment
than many alternatives. Hawaii’s overdependence on oil has resulted from historically low
real oil prices, the physical ease of transporting oil, the demand for transportation fuels for
which there are currently few widely-used alternatives, and the infrastructure which has
evolved over the years since Hawaiian Electric Company shifted from coal to oil in 1905.

What does all of this mean for Hawaii? Hawaii's businesses face high energy prices.
These costs reduce profitability and competitiveness; they reduce funds available for
business expansion and job creation. Our energy expenditures, much of which leave the
state, preclude the use of a major portion of the state's financial resources on other needs.
Due to the inelasticity of demand for energy services, when energy costs increase, demand
is reduced for other products and services.

Investrment in energy efficiency can reduce energy costs and permit businesses and
consumers to spend their money in more productive ways. By investing in alternate energy
resources within the state, expenses may not necessarily be reduced, but more of the
money spent will remain in the state's economy and more jobs will be created.

Reduction in oil use also offers the opportunity to reduce environmental risks of energy
production and use, and to reduce the costs of managing those risks.

The petroleum-based energy companies may perceive suggestions for efficiency and
diversification as a threat. However, it is clear that oil supplies are finite and oil prices are
subject to sudden, extreme fluctuations that can devastate Hawaii’s economy. In the
future, oil must be used only where alternatives either do not exist or where real costs of
energy are considered. As Hawaii shifts to updated technologies, energy efficiency
measures, alternate fossil fuels, and renewable energy offer Hawaii’s energy firms, and
others, many business opportunities.
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4.1.1. Hawaii’s Energy System
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Figure 4-1. Hawaii’s Energy System

Figure 4-1 shows how Hawaii’s needs for energy are met. At the top, energy enters the
Hawaii energy system either through imports of crude oil, refined oil products, coal, and
LPG, or through local production of biomass (bagasse and solid waste), wind, geothermal,
solar, and hydropower.

Imported crude oil is refined on Oahu into oil products, which are either used to produce
electricity, are used locally, are exported, or are used as fuel for aircraft and ships departing
the islands for overseas destinations. Hawaii’s refineries also produce feedstocks which
are transformed into synthetic natural gas (SNG) for use as utility gas.

Imported coal is used to generate electricity, as are most of the locally produced forms of
energy: biomass; geothermal; hydroelectricity; and wind. Coal and biomass also provide
process heat in the industrial sector. Electricity is used locally. Solar energy is either
directly converted into hot water by solar water heaters or into electricity by photovoltaic
cells.

LPG is used in all end-use sectors. LPG is both imported and produced as one of the
outputs of Hawaii’s refineries.

4.1.2. Hawaii's Oil Dependency

Hawaii’s energy system is predominantly fueled by oil. In fact, Hawaii is more dependent
on oil than any other state in the nation. This is the case, and remains the case, despite
many millions of dollars and person-hours spent on alternative energy research,
development, and deployment. This section will examine the nature of Hawaii’s energy
demand and its oil dependency since 1970. Figure 4-2 displays the structure of Hawaii’s
primary energy use from 1970 to 1993.
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Figure 4-2. Hawaii’s Primary Energy Demand by Type, 1970-1993

This single chart says a great deal about energy in Hawaii. (Note that the bottom scale
begins at 80% to make it easier to discemn the alternate energy share in meeting Hawaii’s
energy demand.) Over the past twenty-three years, oil overwhelmingly has dominated the
energy scene with a share of around 90 percent of total energy. This period of time
witnessed two major oil price shocks in the 1970s, a price collapse in 1986, a major spill of
one of Hawaii's mainstay crudes (the Exxon Valdez spill in Alaska), and war in the Persian
Gulf. Yet through it all, oil use has grown in absolute terms.

4.1.3. The Changes in Hawaii's Energy Demand Structure
4.1.3.1.
CONSTANT

OIL’S SHARE OF DEMAND REMAINS RELATIVELY

The state of Hawaii has long recognized its dependence on oil and has taken many steps to
diversify sources. While it is not obvious from inspecting Figure 4-2, progress has been
made. First, the share of oil is not increasing. Statistics for 1993 place oil's share of total
energy use in Hawaii at 87.5 percent, the lowest percentage since 1970. Oil's share in
1991 was as high as 91.8 percent.

Hawaii is like a swimmer, swimming against the current of oil. Hawaii must swim
forward steadily just to avoid falling behind, and if Hawaii wishes to move faster against
the current, Hawaii must either change the current or strengthen our swimming skills.
From Hawaii's position in the world energy market, there is little the state can do to change
the current of world events. Hawaii cannot force the world to change and then benefit from
the economies of scale captured by larger economies. The state's efforts must focus on
improving our swimming skills; that is, making improvements in energy conservation and
efficiency of use, encouraging cost-effective fuel substitution, and moving to develop
alternative energy resources.
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4.1.3.2. NON-OIL ENERGY SOURCES BECAME
INCREASINGLY DIVERSIFIED

The second area where progress has been made is in diversification of non-oil energy.
Figure 4-3 pulls the non-oil energy components out of the previous figure -- where they
were so dwarfed by oil that they were indistinguishable from one another -- and presents
them individually so the amount of diversification is quite clear. Biomass is the dominant
alternative, though it can be seen that the role of bagasse has dwindled as Hawaii's sugar
industry has contracted. Hydropower has 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 and 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.
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Figure 4-3. Non-0il Energy Sources in Hawaii, 1970-1993
4.1.4. Energy and Oil Intensities

Energy is a vital input for Hawaii’s economic activity and growth. When reductions in
energy use are accomplished through increases in efficiency, the economy may continue to
expand despite reductions in energy use. When a short-term event, such as an oil price
shock, causes a drop in energy use, there may be temporary reductions in economic output
as well. The Oil Price Spike Analysis provided in Appendix 2 highlights this potential for
economic disruption.
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4.1.4.2. KEY ECONOMIC AND ENERGY INDICATORS
Hawaii's Energy Efficiency Is Increasing

While it may appear that little progress has been made in reducing oil dependence, it is clear
that energy and oil are being used more efficiently in the Hawaii economy. One of the
simplest ways to measure oil and energy intensity in the economy as a whole is to measure
the amount of energy or oil needed to produce a unit of economic output, such as a dollar
of gross state product (GSP). GSP is the value of all goods and services produced in the
state during a year.

As shown in Figure 4-4, by indexing the key energy and economic indicators against 1970
as a base year, it is possible to see the longer term trends in energy efficiency. The growth
in GSP was more rapid than growth in population and energy use. Accordingly, GSP per
capita and GSP per unit energy consumed increased. Population growth outstripped
energy demand growth, so per-capita energy use declined.
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Figure 4-4. Trends in Key Energy and Economic Indicators in Hawaii, 1970-1993
4.1.5. Energy Use by Economic Sector

The following information is based on the U.S. Department of Energy/Energy Information
Agency ‘s (USDOE/EIA), State Energy Data Report 1992, issued in May 1994 which
provided consumption estimates through 1992. Energy use is divided into residential,
commercial, industrial, and transportation sectors. Energy used in electricity generation is
separately calculated.

The residential sector consists of all private residences, including single family housing and
single-metered multiple family housing. Multi-metered apartments and institutional
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housing, such as school dormitories, hospitals, and military barracks, are not included, but
are listed in the commercial sector.

The commercial sector is made up of business establishments not engaged in transportation
or manufacturing, or other types of industrial activity. Commercial establishments include
hotels, restaurants, wholesale and retail businesses, non-profit organizations, and
government.

The industrial sector includes manufacturing, mining, construction, agriculture, fisheries,
and forestry. |

The transportation sectors consists of public and private vehicles that move people and
commodities, including automobiles, trucks, buses, aircraft, ships, barges, and pipelines.

The EIA reports electricity generation only for utility electricity. Consequently the figures
do not include electrical power cogenerated by the sugar industry, the refineries, and other
cogenerators which is not sold to the utilities. That electricity is generally included in the
industrial sector energy use. Figure 4-5 depicts energy use by sector from 1970 to 1992.
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Figure 4-5. Hawaii Energy Consumption by End-Use Sector, 1970-1992

The transport sector generally accounts for 50-60 percent of Hawaii's energy use, followed
by the industrial sector with a share of around 25 percent, the commercial sector (10-15
percent in recent years), and the residential sector (around 10 percent). Total energy inputs
to electricity production are also disaggregated from the totals; around 30 percent of the
energy use goes toward producing electricity. The electricity sector combined with the
transport sector accounts for around 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
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appropriate targets for future demand-side management (DSM) or fuel substitution
strategies, and to determine the constituencies that may be affected by changes in energy
policy and/or 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 -- the transportation, electricity, and the industrial sectors.

4.2. THE REGULATED ENERGY SECTOR
4.2.1. The Regulated Energy Sector

Hawaii’s electric.utilities -- Hawaiian Electric Company, Inc. (HECO); Hawaii Electric
Light Company, Inc. (HELCO); Maui Electric Company, Inc. (MECO), and the Kauai
Electric Division of Citizens Utilities (KE) -- and the gas utility - BHP Gas Company -- are
regulated by the Public Utilities Commission (PUC). The nature of these utilities and their
energy use, coupled with the supervision and direction possible from the PUC create a
greater opportunity to apply energy policies designed to enhance efficiency or the use of
renewable energy than in the unregulated sector.

A key feature of Hawaii’s electrical system is the lack of any interconnection between the
four utilities. Each must independently meet the needs of its service area and a utility with a
problem in its system cannot obtain power from a neighboring system as on the mainland.
This increases the need for system reliability.

4.2.2. Growth in Electricity Demand

About 30 percent of Hawaii’s energy is transformed into electricity. The intensity of
electricity use in Hawaii has been on an upward trend. Figure 4-6 correlates trends in
electricity sales and economic indicators. Utility electricity sales grew at the rapid rate of
5.1 percent per year during the 1970s and around 2.6 percent per year during the 1980s.
The rates of growth in electricity sales outpaced both population growth and GSP growth

-over the past two decades. Electricity consumption per capita increased from around 4,700
kilowatt-hours per capita (kWh/capita) in 1970 to over 5,940 kWh/capita in 1979, reaching
6,400 kWh/capita in 1989, and 6,664 kWh/capita in 1992.

4.2.3. Electricity Consumption in Hawaii

At 5.7 kilowatt-hours (KWh) per person per day, Hawaii residents use less electricity per
capita than any other state in the United States. Two key factors explain this phenomenon.
First, Hawaii's weather reduces the need for heating and air conditioning. Second, use is
reduced because electricity prices are high. There are few energy resources able to provide
inexpensive power to meet demand. While it is less expensive to import fossil energy from
which electricity can be generated than to use some indigenous resources, electricity still
costs more than most other consumers pay on the mainland United States.

Hawaii residential electricity prices vary widely. Molokai, at 4.7 kWh per person per day,
uses the least residential electricity per capita of all of the Hawaiian Islands and also has the
highest electricity prices. In contrast, Maui has lower rates and the highest per-capita
residential electricity use at 7.6 kWh per person per day. Oahu is the only island with
lower electricity rates than Maui. The differential in electricity rates between Oahu and the
neighbor islands is, in part, a function of the additional transport costs that are incurred
when fuel oil, diesel, or coal are shipped from Oahu. Rates may also be lower on Oahu as
a result of higher population densities and economies of scale which result in a more
efficient generating and transmission systems.
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Figure 4-6. Trends in Key Electricity and Economic Indicators in Hawaii,
1970-1993
4.2.4. Electric Power Production

Electricity is produced from a wide variety of sources. Worldwide, oil, natural gas, and
coal are the fossil fuel resources commonly burned to produce electricity. Alternative or
renewable resources used to generate electricity include biomass, geothermal, hydropower,
nuclear, wave, ocean thermal energy conversion (OTEC), solar, and wind.

4.2.4.1. FUEL DEMAND IN THE ELECTRIC POWER SECTOR

Figure 4-7, below, displays the historical trend in electricity generatibn by energy source,
from 1983 to 1993.

Two features stand out: first, total electricity demand grew strongly over the period; and
second, much of the increase in demand has been satisfied by non-oil sources, especially in
recent years. Entering the picture in significant amounts are coal, municipal solid waste,
geothermal, and wind, with continuing contributions from bagasse and hydro (however,
the bagasse contribution is declining). The percentage dependence on oil varies
substantially by island, from 62 percent on Kauai, where significant contributions are made
by biomass and hydroelectric generation, to 100 percent on Lanai, where no alternative
sources are used to generate electricity.
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4-7. Electricity Generation in Hawaii by Type, 1970-1993
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Figure 4-8. Comparison of Fuel Sources for Electric Power Generation by Island,
1991 and 1993
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Figure 4-8, above, compares electricity sources by island between 1991 and 1993 in order
to display the significance of the changes in fuel mix over just the past few years.

On Oahu, the major impact came from the operation of the 180 MW coal fired power plant
by AES Barbers Point. In 1993, the atmospheric fluidized bed combustion coal plant
produced 20 percent of Oahu’s electricity while providing steam to the Chevron oil refinery
for process heat. There were no major changes in Maui’s electricity generation system
during these two years, but coal use was very low in 1991, generating only one-tenth of
one percent of Maui’s electricity. In 1993, coal burned at Hawaii Commercial & Sugar
Company accounted for about 2 percent of electricity production on Maui. Three percent of
Molokai’s electricity was generated by a hybrid wind-diesel generator which was tested for
11 months in 1993. Lanai’s electricity remained 100 percent oil generated. On Hawaii, in
1993, Puna Geothermal Venture was operational, producing 16 percent of thé Big Island’s
electricity. At the same time, declines in sugar production reduced the share of bagasse
from 18 to 13 percent. Kauai had no major changes to its electrical production system

- during this period; however, hydroelectric production dropped considerably from 11 to 5
percent due to damage to facilities caused by Hurricane Iniki.

Alternative energy sources may become more significant electricity producers in the future
as political and social pressures mount to diversify the resource base. Two of the five
principal recommendations made in the Hawaii Integrated Energy Policy published in
December 1991 involve promoting alternative fuels and developing an implementation
strategy. Of the alternative methods used to produce electricity, any of the technologies
mentioned above could theoretically be deployed in Hawaii, though economic, technical,
and political considerations make some less likely than others. Nuclear power, for
example, is rarely mentioned as a likely option for Hawaii; the state constitution requires a
two-thirds majority of both legislative bodies to approve construction of a nuclear fission
power plant. Biomass, hydropower, geothermal, wind, solar, and municipal solid waste
already make contributions to electricity generation in the state.

The following section discusses the electrical system in each of Hawaii’s counties. For
further details on each system, the reader is referred to the Integrated Resources Plan of
each utility as filed with the PUC. Financial and sales information are available in Federal
Energy Regulatory Commission (FERC) Form 1 or Annual Report filings with the PUC
and FERC. -

4.2.4.2. ELECTRICITY PRODUCTION IN HAWAII COUNTY

Hawaii Electric Light Company, Inc. (HELCO), a subsidiary of Hawaiian Electric
Company, Inc. (HECO), serves the Big Island of Hawaii. Its 1994 sales were 835
Gigawatt hours (GWh), earning $128 million in revenues. HELCO’s generators produced
588 GWh, or 64.6 percent, of the 910 GWh generated for utility use. The remainder was
produced and sold to HELCO for resale by independent power producers (IPPs) and
cogenerators.

The HELCO system has a firm capacity of 201.6 MW. HELCO owns 154.6 MW, or

77 percent. The remaining firm capacity is provided by Puna Geothermal Venture

(25 MW) and the former Hilo Coast Processing Company (HCPC) power plant (22 MW).
The closure of Hamakua Sugar in September 1994 removed 8 MW in firm capacity from
the system. The status of the HCPC plant remains uncertain following closure of that
plantation, but it remains operational using fossil fuel. A system peak of 159.2 MW was
reached in December 1994.
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HELCO’s own firm capacity is provided by oil-fired generators, and the company owns
four hydroelectric plants which provide non-firm power. In addition, HELCO purchases
wind and hydroelectric power from IPPs and cogenerators with a total non-firm capacity of
28.81 MW. Table 4-1 summarizes electrical generation capacity in Hawaii County by type.

HELCO Steam MSFO/Diasal Fimm Baseload 526
{{ HELCO Steam/ CT MSFO/Diesel Firm Cycling 553
| HELCO Diesel/CT Diesel Firm Peaking 467
|| Puna Geothemal Geotheimal Geothermal Fim Baseload S
[t HePC . | Steam Qil/Coal Firm Baseload . 2
| Firm Capacity Subtotal 2016
llHELCO Hydro Hydro Non-Fim 335
{f Various Hydro Hydro Non-Fimm 081

Wailuku Hydro Hydro Non-Fim 12

Kahua Ranch Wind Wind Non-Firm 04
I Lalamilo Wind Wind Non-Fim 23

South Point Wind Wind Non-Firm 83
|| Non-Firm Capacity Subtotal 2821
I Hawaii Capacity Total 229.81

Table 4-1. Electrical Capacity in Hawaii County, October 1995

4.2.4.3. ELECTRICITY PRODUCTION IN THE CITY AND
COUNTY OF HONOLULU

Hawaiian Electric Company, Inc. (HECO), also a subsidiary of HEI, provides utility
electricity service on Oahu. In 1994, it sold 6,797 GWh and earned $657 million in
revenues. HECO’s own generators produced 4,236 GWh, or 58 percent, of the

7,222 GWh generated for utility use. The remainder was produced and sold to the utility
for resale by IPPs and cogenerators. Table 4-2 summarizes electrical generation capacity in
the City and County of Honolulu by type.

HECO Steam LSFO Firm Baseload 835
HECO Steam LSFO Fimn Cycling 6
HECO cT Diesel Firm Peaking 102
Kalaeloa Partners STCC LSFO Firm Baseload 180
AES Barbers Point AFBC Coal Firm Baseload 180
l H-Power MSW Steam MSwW Firm Baseload 46
“ Firm Capacity Subtotal 1669
BHP Refinery CT Refinery Gasss Non-Firm 18
IPChevmn Refinery CT Refinery Gases Non-Firm - 9
Kapaa Partners CcT Landiill Methane Non-Fim 32'
I[ Makani Uwila Wind Turbines Wind Non-Firm 5 l
Non-Firm Capacity Subtotal 352]|
I Honolulu Capacity Total 17042 “

Table 4-2. Electrical Capacity in Honolulu County, October 1995

The utility electrical system currently has a firm capacity of 1,669 MW. HECO owns
1,263 MW, or 75 percent. The remainder is provided by IPPs -- Kalaeloa Partners, AES
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Barbers Point, and the H-POWER Municipal Solid Waste. A system peak of 1193 MW
was reached at 7:06 p.m., on October 19, 1994.

Additional power is provided on an as available/as needed basis by non-firm power
producers, including, the Makani Uwila wind farm, and cogenerators operated by the BHP
Refinery, Chevron Refinery, and Kapaa Generating Partners. Kapaa is a unique system,
using methane from the Kapaa landfill in Kailua to power a combustion turbine.

4.2.4.4. ELECTRICITY PRODUCTION IN KAUAI COUNTY

Kauai Electric Division of Citizens Utilities, Inc. (KE), provides electrical service to Kauai.
KE sold 335 GWh in 1994 for $55 million. KE generated 315 GWh of this total, or 83
percent of the 379 GWh generated for utility use. Kauai’s four sugar plantations generated
153 GWh using bagasse, oil, and hydro, and sold 75 GWh to the utility system while
using the remainder in their own operations. The utility electrical system’s firm capacity is
110.6 MW. KE owns 96.6 MW, or 87 percent. Lihue Plantation provides another 14
MW. A post -Iniki system peak of 67.2 MW was reached on December 5, 1994. The
lingering effects of Hurricane Iniki continue to depress both Kauai’s economy and
electricity use. Additional power is provided on an as available/as needed basis by the
sugar plantations.

Kauai Electric Firm
Kauai Electic Steam Firm
Kauai Electric Diesel Diesel Fimm
Lihue Plantation Steam Bagasse/Diessl Firm
Firm Capacity Subtotal 1106
| Sugar Hydro Hydro Hydro Non-Firm 89
Kekaha Sugar _ Steam Bagasse/Diesel Non-Fimm 75
Oloksle Steam Bagasse/Diessl Non-Fim 2
McBryde Steam Bagasse/Diesel Non-Firm 15
Lihue* Steam Bagasse/Diesel Non-Fimm 11
Non-Firm Capacity Subtotal 444
Kauai Capacity Subtotal 155

e capacity in addition to that provided under firm power purchase agreement
Table 4-3. Electrical Capacity in Kauai County, October 1995

4.2.4.5. ELECTRICITY PRODUCTION IN MAUI COUNTY

Maui Electric Company, Inc. (MECOQ), a subsidiary of HECO, provides utility electricity
service on Maui, Molokai, and Lanai. In 1994, it sold 960 GWh to Maui County’s
electricity customers for $119 million. MECO’s own generators produced 933 GWh, or
90.4 percent, of the 1031 GWh generated for utility use. The remainder was produced and
sold to the utility for resale by small IPPs and sugar plantations. These generators
produced an additional 140 GWh for their own use.

On Maui, the electrical system currently has a firm capacity of 212.7 MW. MECO owns
196.7 MW, or 92 percent. A firm capacity power purchase agreement with Hawaiian
Commercial & Sugar’s Puunene plant provides 16 MW of electricity which is generated
using bagasse or coal. Additional power is provided on an as available/as needed basis by
sugar plantation hydro and steam generators. A peak of 163.2 MW was reached at

6:48 p.m. on December 28, 1994.
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On Molokai, the electrical system has a firm capacity of 9.1 MW. Generators include six
diesels and one combustion turbine. A peak of 6.4 MW was reached at 6:32 p.m. on
November 15, 1994. Lanai’s firm capacity is 10.76 MW. All of Lanai’s generators are
MECO-owned diesels. A peak of 4.7 MW was reached at 7:11 p.m. on August 10, 1994.
Table 4-4 summarizes electrical generation capacity in Maui County by type.

MAUI Units

MECO Steam/DTCC MSFO/Diessl Firm Baseload 956
" MECO Diesel Diesel Firm Baseload/ 500
, Cycling
[ MECO __| Diesel Diesel Fimm Cycling . 386
" MECO Diesel Diesel Fim Peaking 125
HC&S Steam Bagasse/Coal/Oil Fim Baseload 160
f Firm Capacity Subtotal 2127"
[l sugar Plantations Hydro Hydro Non-Fim 62 "
[|LHC&S Paia Steam Bagasse/Oil Non-Fim 100
[| He&S Puunene* Steam Bagasse/Coal/Oil Non-Firm 260||
Pioneer Mil Steam Bagasse/Oll Non-Fim 93 II
Non-Firm Capacity Subtotal 515
Molokai Units
MECO
cT Diesel Fim 25|
MolokaiIsland Ca
Lanai Units

MECO Diesel Diesel Firm 10.76

II Lanai Island Capacity Total 10.76

* capacity in addition to that provided under power purchase agreement
Table 4-4. Electrical Capacity in Maui County, October 1995

4.2.5. Utility Gas

Gas is used in the utility sector and the non-utility sector. This section will describe the
utility sector which is regulated by the Public Utilities Commission. Gas service in this
sector uses mostly SNG and some propane which is distributed through gas pipelines. The
non-utility gas sector is largely market oriented and uses only propane, distributed by small
tankers and bottles. Propane is also transported to the neighbor islands by barges from
Oahu or if imported, by small ships.

4.2.5.1. UTILITY GAS DEMAND

In general, there are two classes of gas use in Hawaii: the residential sector and the
commercial/industrial sector. The electric power sector does not use gas, nor does heavy
industry, agriculture, or transportation (outside of some propane-fueled fleet vehicles).

Since Hawaii is an isolated market where feedstocks refined from oil are the source of
SNG and the majority of the propane, Hawaii gas customers pay extremely high prices.
Hawaii's gas prices are generally 200 percent to 600 percent higher than in West Coast
states. A chart, Figure 4-28, depicting utility gas and non-utility gas demand in Hawaii
from 1981 to 2014 can be found in section 4.3.6.
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4.2.5.2. UTILITY GAS SUPPLY

The utility sector is served only by BHP Gas Company. In 1992, BHP Gas Company
provided 3.4 trillion Btu utility gas on Oahu, Hawaii, Maui and Kauai. Oahu accounted for
over 90 percent of this service. Of this 3.4 trillion Btu of utility gas, 17 percent went to the
residential sector and 83 percent to the commercial/industrial sector. As mentioned earlier,
the distribution involves two different forms of gas products: SNG and propane.

The SNG gas distribution system serves only the southern part of Oahu. This service
territory accounted for almost 90 percent of the statewide utility gas customers
approximately 86 percent of the total statewide utility gas sales (2.9 trillion Btu in 1992).

Propane can be mixed with air to produce propane vapor. It is used as a source of
supplemental supply during peak periods in the SNG distribution system of the Honolulu
service territory. The amount of propane consumption for this purpose is not available. In
the other utility gas service territories, i.e., outlying areas of Oahu and the neighbor
islands, propane vapor is the only form of gas distributed. In 1992, there were 43 propane
vapor distribution systems operated by BHP Gas Company statewide. These systems
provided 492 billion Btu of propane vapor, approximately 14 percent of BHP Gas
Company's total utility gas sales.

4.3. ENERGY DEMAND IN NON-REGULATED ENERGY SECTOR

By definition, energy prices in the non-regulated sector are set by the market, not regulated
by the Public Utilities Commission. Energy or fuels are sold as commodities directly to
consumers (€.g., transportation fuels purchased directly by the customer from the gasoline
stations; propane delivered by the supplier’s trucks to the customer’s tank, etc.). The non-
regulated energy sector includes:

e Transportation energy, including aviation, ground transportation, and marine fuels;
e Non-utility gas; and

e 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.

4.3.1. Transportation Energy Demand in Hawaii

In Hawaii, 62 percent of the petroleum sold in the state is used in the transportation sector.
Since the ground, air, and marine transportation use different fuels, equipment,
infrastructure; and the factors creating demand vary, each is discussed separately in the
following sections.

4.3.2. Ground Transportation

Gasoline and diesel are the primary ground transportation fuels. The amount of their use is
affected by many factors, including the demand for transport of people and goods, the
number and types of vehicles in operation, the number of miles traveled by those vehicles,
fuel efficiency ratings of those vehicles, average and variable driving speeds, driving style,
accelerations, traffic congestion, terrain, road conditions, weather, and the energy
requirements of vehicle air conditioning and other auxiliary power draws.
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4.3.2.1. NUMBER OF REGISTERED VEHICLES AND FLEET
COMPOSITION

Hawaii’s vehicle fleet is growing rapidly. The number of registered vehicles in the state
grew from 616,418 in 1981, reached a peak of 897,000 in 1991, and dropped to about
880,000 in 1993.
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L
Figure 4-9. Resident and De Facto Population and Registered Vehicles in Hawaii,
1970-1993

The growth in the number of registered vehicles is related to the rates of growth in resident
population and de facto population (which also includes visitors) as shown in Figure 4-9.

Another factor which is important in understanding ground transportation fuel demand is
fleet composition. Fuel efficiency varies greatly by type of vehicle. In 1993, passenger
automobiles accounted for 78 percent of the motor vehicles registered in the state; trucks
accounted for 19 percent; motorcycles and mopeds accounted for 2 percent; other types
made up the remaining 1 percent.

4.3.2.3. ENERGY INTENSITY OF VARIOUS TRAVEL MODES

As shown by the large proportion of passenger vehicles, the movement of people makes up
a large part of the transportation activity in the state. However, the amount of energy used
in the transport of one person over a distance of one mile can vary a great deal, depending
on the mode of transportation used. For example, as shown in Figure 4-10, the personal
truck (at 5,800 Btu per passenger-mile) uses three times as much energy per passenger mile
as is used by the Hawaii average transit bus (at 1,700 Btu per passenger-mile). TheBus’
higher load factors make it almost twice as efficient as mainland buses.
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Figure 4-10. Energy Intensity of Various Passenger Travel Modes
4.3.2.4. FUEL USE PER VEHICLE
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Figure 4-11. Average Annual Ground Transportation Fuel Use, in Gallons, Per
Registered Vehicle in Hawaii, 1970-1993
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The factors discussed above plus traffic congestion combined to give an average annual
fuel demand per vehicle. The historical annual average gallons of highway fuels used, per
registered vehicle, are shown in Figure 4-11. The trend was generally downward as fleet
efficiency improved, however it flattened out in recent years as lower fuel prices reduced
"demand for fuel efficient vehicles and relatively fuel inefficient sport utility vehicles and -
personal trucks gained in popularity.

Statewide historical energy demand in the ground transportation sector for the years 1981-
1993 are shown in Figure 4-12, on the next page.

4.3.3. Air Transportation

Aviation fuel demand is directly linked to the amount of demand for air transportation
services, primarily overseas passenger and cargo transportation, and interisland passenger
and cargo transportation. Demand is also affected by the types of aircraft operated and their
fuel efficiency, passenger load factors (the percentage of passenger seats occupied per
aircraft), and airport operations.

Of the three transportation sectors, air transportation consistently uses the most fuel.
Approximately 80 percent of aviation fuel is for outbound overseas flights, with the balance
fueling interisland flights. From 1981 to 1990, aviation fuel demand grew at an average
annual rate of almost 4.4 percent. Between 1990 and 1993, aviation fuel sales in the state
decreased at an average annual rate of 5.5 percent as the airline industry reduced the
number of flights serving Hawaii and increased the load factors on remaining flights.

4.3.4. Marine Transportation

From 1983 to 1990, the marine sector energy demand increased over 180 percent — the
largest rate of increase in fuel demand of the three transportation sectors. Unlike the other
transportation sectors, the change in fuel use in the marine sector, shown in Figure 4-12,
does not correspond directly to reported levels of marine transportation activity.

Because of the range that merchant vessels employed in overseas trade may travel before
refueling, they can often continue beyond Hawaii without refueling. This option allows
marine fuel procurement to be affected by such factors as:

 the fuel cost differential between Hawaii and other ports of call, including the
effects of changes in exchange rates;

¢ local marketing efforts in the marine bunker fuels market; and

s changes in actual levels of shipping activity.

In 1990, about 93 percent of the fuel demand was for outbound overseas vessels, and the
rest was for interisland purposes.

4.3.5. Transportation Fuel Demand - Summary

Transportation energy demand is driven by a variety of factors, most notably levels of
transportation activity. Other factors which influence transportation sector energy demand
are vehicular fuel efficiencies, load factors, levels of congestion, and (especially in the case
of marine fuel) currency exchange rates and fuel retailer marketing efforts.
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Fuel use by each sector, and for all three sectors combined, is summarized in

Figure 4-12. Fuel demand in each of the sectors increased between 1981 and 1990;
demand for aviation fuels declined each year between 1990 and 1993; demand for marine
fuels declined for each year between 1991 and 1993; but demand for ground transportation
fuels continued to grow at a fairly steady rate for all years.
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Figure 4-12. Annual Transportation Fuel Use, All Sectors, 1981-1993
4.3.6. Non-Utility Gas

Non-utility gas is not regulated by the PUC. It is 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. Some is used to fuel automobiles. While gas demand is less in the
non-utility sector than the utility sector, generally speaking, the demand for gas is growing
faster in the non-utility sector. Figure 4-13 depicts historical and forecast utility gas and
non-utility gas use in Hawaii from 1981 to 2014. As noted in the discussion of utility gas,
the utility gas market is primarily served by synthetic natural gas and a smaller amount of

propane-air mixture as depicted by the columns on the figure. The non-utility propane is
depicted by the trend line.
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Figure 4-13. Utility and Non-Utility Gas Consumption in Hawaii, 1981-2014

Increasing demand for LPG on the neighbor islands is expected to increase non-utility
propane demand faster than utility gas demand. Since the market is not regulated, there is
competition in the market, keeping prices down. In some applications, gas has greater
thermal efficiency. In addition, vehicle fleets may convert to propane.

4.3.7. Electricity Self-Generation and Process Heat

This portion of the non-regulated energy sector includes energy used for process heat or
power generation which is not sold to the utility system, but is used by the company
operating the generator or is sold directly to a user other than the utility. Where both
electricity for sale to a utility and process heat are produced, it is called cogeneration.
Hawaii’s sugar industry is the main cogenerator, producing process heat for sugar refining,
mechanical power and electricity for its own use, and also selling electricity to utilities. The
sugar industry’s electrical production is discussed in more detail in section 4.4.10. In
addition, several cogenerators produce electricity for sale to the utilities, but also sell the
heat produced to other users; and several other companies produce large amounts of
electricity and process heat for théir own use. While there are many smaller self-
generators, data is readily available on only the largest of these. This section will
summarize these producers.

4.3.7.1. CO-GENERATORS

The two major cogenerators are on Oahu. They are also independent power producers
which provide firm power under contract to HECO. Kalaeloa Partners uses a 180 MW
single-train combined cycle power plant burning residual fuel oil to generate firm power for
HECO. In addition, it sells steam for use as process heat to the BHP Refinery. The AES
Barbers Point 180 MW coal plant also produces firm power for sale to HECO, providing
excess steam to the Chevron Refinery.
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4.3.7.2. SELF-GENERATORS

The BHP Refinery operates its own 18 MW combustion turbine using refinery gases to
provide for its own electrical needs. Chevron operates a similar combustion turbine with a
9 MW capacity. Both sell excess power to HECO on an as available basis.

The main purpose of the H-POWER municipal solid waste power plant is to burn waste
and reduce the volume of waste going into land fills. Rather than just burning the waste,
H-POWER produces electricity. It is on contract to provide 46 MW of firm capacity to
HECO, it uses the remainder of its power to process the waste brought to the plant for use
as fuel.

4.4. HAWAII'S ENERGY SUPPLY

This section will discuss how fossil fuels and renewable energy meet energy demands in
both regulated and non-regulated sectors. More detailed information on these energy
sources is available in the final reports for HES Project 2, Fossil Energy Review; HES
Project 3, Renewable Energy Assessment and Development Program.

4.4.1. Crude Oil - Current and Future Sources

Hawaii's position in the middle of the Pacific Ocean affords conveniences and
inconveniences in terms of importing crude oil. On the one hand, Hawaii is in United
States Petroleum Administration for Defense District V (PADD-V)!. PADD-V consists of
Hawaii, Alaska, Washington, Oregon, California, Nevada, and Arizona. Alaska and
California are in fact the second- and fourth-largest oil producing states in the United
States. Hawalii receives about 45% of its crude oil from Alaska. Hawail is also linked to
the greater Asia-Pacific oil market, where the typical crudes produced are very low in sulfur
and thus are desirable refinery 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 fulfilled.

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 absorb ever-greater volumes of crude that otherwise would be entering
the market. Today, Hawaii is not dependent on "insecure" sources of 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, the day will come when Middle Eastern oil producers
once again wield great control over oil markets around the world. There is little doubt that
Hawaii is a price-taker, with little or no market power, that the state's economy is vitally
dependent on imported energy, and that the state's economy is also linked to the vagaries of
the U.S., Asia-Pacific, and the world’s economies.

1 Petroleum Administration for Defense Districts (PADD) are geographic a;ggregaﬁons of the 50 states and
the District of Columbia into five districts by the Petroleum Administration for Defense in 1950. These
districts were originally defined during World War II for purposes of administering oil allocation.
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4.4.3. Hawaii’s Refineries

Both of Hawaii’s refineries have a long-established presence in the market and play a vital
role in providing energy for Hawaii. The Chevron refinery’s capacity is about 53 thousand
barrels per day (mb/d). The BHP Refinery is rated at 95 mb/d, giving Hawaii a total |
refining capacity of 147 mb/d.

4.4.4. Foreign Sources of Crude Oil

Foreign sources supply the majority of Hawaii's crude oil. Currently, Alaskan crude
represents around 45 percent of the state's crude slate, with foreign crudes -- primarily
from Indonesia, China, Malaysia, and Australia — making up the remainder. Foreign crude
imports typically amount to 60-80 thousand barrels per day.

Oil demand in Asia is growing at the most rapid rate in the world; the area is a significant
net importer of crude. Yet crude exports continue, and Asia-Pacific crudes still form the
majority of Hawaii's input slate. The 1990s are bringing further change to the pattern of
exports. The East-West Center (EWC) Program on Resources forecasts an all-time high in
exports by 1995, with export volumes reaching around 2,260 thousand barrels per day
(mb/d). The latter half of the decade, however, will be characterized by a sharp drop in
export availability as oil produced in the region is increasingly used to meet local and
regional demand, with year 2000 exports forecast at around 1,500 mb/d. The role of
traditional exporters such as Indonesia, China, and Malaysia will shrink further. New
players will enter the market, chiefly Vietnam and Papua New Guinea (PNG), and possibly
Myanmar. Together, these countries may export nearly 400 mb/d by the end of the decade.

Figure 4-14 summarizes the overall trends Asia-Pacific crude oil production and exports for
the final three decades of this century.
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Figure 4-14. Asia-Pacific Crude Oil Production and Exports, 1970-2000
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Since Hawaii's Asia-Pacific crude imports amount to around 60-70 mb/d, there is likely to
be sufficient crude on the market to satisfy Hawaii’s needs. Price will be the variable.
Many Asia-Pacific countries are working to reduce sulfur contents in diesel, and a few are
also tightening fuel oil sulfur specifications. As a result, low-sulfur crudes may be in
greater demand for environmental reasons, and prices may rise relative to sour, or high-
sulfur, crudes.
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Figure 4-15. Alaskan Crude Production Forecast, 1994-2010

The PADD-V oil market, of which Hawaii is a part, is a large and long-established one.
Production of crude oil expanded throughout the early and mid-1980s, declining only
slightly after 1988, which marked the peak in Alaska North Slope (ANS) production. At
its peak in 1988, PADD-V crude production reached 3,081 mb/d. In 1992, crude oil
production amounted to around 2,677 mb/d.

ANS has not always been a mainstay crude for Hawaii; full-fledged production began only
in 1978. As depicted in Figure 4-15, Alaskan production peaked in 1988 at just over 2.0
mmb/d. By the year 2000, production is expected to decline to below 1.2 mb/d, halving
again within the next six to seven years. While there will still be enough crude produced to
meet Hawaii’s needs, it could be more expensive or more difficult to obtain.

4.4.6. 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, as Figure 4-16 illustrates. Producing ample fuel oilis a
simple matter; numerous heavy crudes are on the market and are reasonably priced, the
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only real constraint being the sulfur content. Fuel oil is also the least expensive product to
purchase from other refining areas. Producing sufficient supplies of jet fuel is another
matter. Few crudes yield enough kerosene on basic distillation to meet Hawaii's demand
pattern, and demand for kerosene/jet fuel is strong enough worldwide that it is a more

" expensive commodity to import.

s
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|

Figure 4-16. Demand Patterns for Refined Products in Hawaii and PADD-V

As with the 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 products often are both imported and exported. Theoretically,
it is possible for refiners to purchase an optimal crude slate and run their refineries to
balance completely local supply and demand. In practice, it is rarely cost-effective to do
so0, and therefore it is common to see some degree of balancing trade occur at the margin.
For example, the U.S. West Coast typically has a surplus of heavy fuel oil and a slight
shortage of gasoline. Hawaii often is short of jet fuel and long on high-sulfur fuel oil.
Trade is required to balance supply and demand.

4.4.7. Hawaii in the Gas Market

Propane-based liquefied petroleum gas (LLPG) and synthetic natural gas (SNG) are the two
major types of gases currently used in Hawaii. These two types of gases are mainly
provided by the local refineries, with a certain amount of propane being imported each
year. Thus, Hawaii's gas market is met by products of oil refining, not natural gas.
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4.4.7.1. HAWAII GAS MARKET

The Chevron and BHP refineries provide commercial and engine-grade propane to three
major gas wholesalers and bulk retailers: BHP Gas Company; Oahu-Maui Gas Service,
Inc.; and Aloha LP Gas, Inc. BHP Gas Company receives propane from both refineries
and sells bottled propane as non-utility gas. At the same time, it uses propane vapor to
supplement its SNG supply through pipelines as utility gas. Oahu-Maui Gas and Aloha
Gas receive their propane from Chevron and BHP, respectively, and sell it as non-utility
gas. BHP also provides low-octane light hydrocarbons to BHP Gas Company, its
subsidiary, as the feedstock to manufacture SNG. The total local LPG production for 1992
was 1.431 million barrels (5.5 trillion Btu). A substantial portion of the local LPG output
has been used for other purposes, such as gasoline blending, power generation and heating
within the refineries.

Hawaii also imports some propane. At present, BHP-Australia and Shell-Philippines
provide propane imports to BHP Gas Company. While Australia does have extra LPG for
exports, the Philippines is mainly a transfer port as it does not actually export any propane.
The propane exported to Hawaii from the Philippines probably originates in the Middle
East. According to BHP Gas Company, in 1992, 110 thousand barrels of propane were
imported. This import level brings the total propane-LPG supply to 1.541 million barrels
(5.9 trillion Btu) in 1992.

4.4.7.2. THE LPG (PROPANE) MARKET

Since the state's propane import requirements are likely to increase in the future, the
availability of this product will become ever more important in the future. There are many
potential sources for Hawaii, ranging from countries in the Asia-Pacific region to some
Latin American countries in the Western Hemisphere.

Unless an expansion of the local refineries is carried out, Hawaii's propane import
requirements could be more than five times higher than the present level within two
decades. Even with moderate refinery expansion, propane imports would still double by
2014. Hawaii is a very small market, and therefore it will not be very difficult to fill in the
gap from elsewhere in case the local refineries' LPG production is not sufficient.

4.4.8. COAL SOURCES FOR HAWAII

Coal is one of the most widely available and stable sources of energy in the world. Coal
resources are widely available and there are hundreds of years of proven supply. '
Politically stable countries such as the United States, Australia, and Canada possess about
one-third of the world's total coal reserves and over half of the total seaborne coal trade.
Moreover, coal prices have fallen over the past decade. Hawaii’s coal consumers have a
wide range of options to choose from in fulfilling possible coal requirements, and the
quality and quantity requirements of individual coal users vary considerably. Depending
on a consumer's situation, emphasis may be placed on contract terms and duration, cost,
pollutant constraints, or other considerations.

4.4.8.1. COAL USE IN HAWAII

Coal’s history in Hawaii dates back more than a hundred years to 1848. British coal was
shipped via Boston and stored to provide fuel for the steam powered commercial ships that
called at Hawaiian ports. At one time, Pearl Harbor served as a large coal bunkering depot.
By about 1917, Hawaii was importing coal from mines on the mainland United States,
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Australia, and Japan. Coal has been used in Hawaii for many purposes, from fueling
railroad locomotives to its use as a boiler fuel in sugar plantations. HECO's use of coal
dates back to 1894. In 1902 HECO imported about 5,000 tons of coal for electricity
generation from Australia. HECO's coal use was short lived however, with oil-fired plants
becoming dominant after 1905.

The use of coal in Hawaii all but disappeared until the energy crises of the 1970s. Cement
companies and, to a lesser degree, sugar plantations began using coal in the early 1980s.
The cement industry currently uses about 25,000-35,000 tons per year, while the coal-
burning sugar plantations on Maui and the Big Island together used about 9,000 tons in
1991. Howeyver, in 1992, the use of coal by sugar plantations jumped to 56,500 tons.
From 1982 to late 1992, total coal consumption in Hawaii averaged about 40,000 tons per
year. Coal use became an even greater factor in September 1992 with the start-up of the
AES Barbers Point coal-fired power plant which uses about 600,000 tons per year.

Most of the coal consumed by the cement and sugar industries came from Australia, while
the coal-fired plant at Barbers Point burns coal from Indonesia’s Kaltim Prima mine.
Kaltim Prima coal is probably the highest-quality coal sold internationally for thermal uses.
The heat content of a typical Kaltim Prima coal is 12,000 Btu per pound; the sulfur content
is a very low 0.4 percent and the ash content is about 5.0 percent, which is less than half
the percentage of ash found in most traded steam coal.

The emission of pollutants associated with coal burning is a key consideration for energy
planning, and coal users are reflecting this concern in their coal choices. At present, there
are abundant supplies of low sulfur export coal available to Hawaii consumers. As more
importance is placed on environmental concerns worldwide, however, demand for these
coals will increase substantially. The increased demand may result in a significant premium
being paid for very low sulfur coal in the future.

4.4.8.2. COAL PRICES AND COSTS

The costs of mining coal have decreased over the years with improvements in equipment
and work practices, and this trend is expected to continue with improvements in
technology. Despite speculation at the end of the 1970s that coal prices would increase
because of large projected increases in demand, coal prices have decreased and are
projected by EWC to increase at less than 1 percent per year in constant terms over the next
two decades. Coal producers have consistently expanded supplies, and competition and
improvement in mining technology have caused coal prices to fall. Vigorous competition
exists among the producers that can supply coal to Hawaii. In particular, competition
between Indonesian and Australian producers has bid coal prices as low as U.S. $23 per
ton f.0.b.t. (The term f.0.b.t. stands for "free on board and trimmed," or simply the price
of coal on board the ship at the export port.)

4.4.9. Liquid Natural Gas (LNG) and Hawalii

In HES Project 2, Task ITI, the EWC examined the prospects for LNG Use in Hawaii.
The analysis found that the market for LNG is very tight with few new projects expected in
the region in the near future. Hawaii has limited prospects as an LNG user since extensive
fuel substitution to LNG in the electric power and ground transportation sector would be
necessary to provide any economies of scale. This conversion would have to occur
simultaneously with the provision of an LNG supply. Even then, infrastructure costs
would be extremely high -- on the order of $5.4 billion for the liquefaction plant, dedicated
tanker fleet, and terminal. Moreover, the LNG would cost over two and one half times the
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price of low sulfur fuel oil (LSFO) for equivalent heat value. In addition to the economic
aspects, Hawaii would face difficulties in land use and siting, especially when safety issues
are considered. The EWC concluded that economics alone cannot justify LNG in Hawaii.
Since an LNG system would likely rely on a single supplier, Hawaii could be even more
vulnerable to a supply cut-off.

4.4.10. Renewable Energy Supplies: The Sugar Industry

4.4.10.1. SUGAR INDUSTRY CONTRIBUTION TO HAWAII’S
ELECTRICAL GENERATION

Hawaii's sugar industry is an important part of the state's electrical generation system. In
1986, 11.1 percent of all electricity generated in the state was produced by sugarcane
factories using bagasse, hydroelectricity, and fossil fuels. While the percentage generated
declined to 7.0 percent in 1994, the sugar factories remain the largest renewable energy
producers, despite their growing use of supplemental fossil fuels. However, with the end
of sugar production at Hamakua Sugar and Hilo Coast Processing Company on the Big .
Island in September 1994, the share of electricity will drop to about 5 percent in 1995 and
the state will become more dependent on fossil fuels.

As can be seen in Figure 4-17, the sugar industry’s percentage contribution on the neighbor
islands was even greater than the statewide average.

Since 1981, Kauai’s plantations have provided the largest share of electricity of all the
islands, reaching a peak of 67.6 percent in 1982. In 1994, Kauai’s plantations produced
32.7 percent of the electricity generated on that island.

Big Island producers provided the largest share in 1980 at 45 percent, but dropped to
second place in 1981. Temporary closure of Hamakua Sugar Company in 1993 as a part
of bankruptcy proceedings dropped the Big Island into third place in 1993. Hilo Coast
Processing Company (HCPC) and Hamakua Sugar Company ended sugar operations in
1994, but the HCPC power plant continued to produce power for sale to HELCO using
fossil fuel. The remaining plantation on the Big Island, Ka’u Agribusiness, does not sell
power to HEL.CO and will close soon.

Maui sugar factories provided the third place share from 1980 to 1992, peaking in 1986 at
33.6 percent. Maui was in second place again in 1993 as the Big Island’s production fell.
Maui plantations provided 20.7 percent of the electricity generated in the county.

Oahu producers are a relatively small part of that island’s electricity generation system, but
it reached 2.4 percent in 1986 and was 1.7 percent in 1994; however, they are also
scheduled to close by 1996. The percentage contribution on each of the four major islands
and statewide in 1994 is summarized below:

Table 4-5. Share of Electricity Produced by the Sugar Industry
by Island and for the State of Hawaii, 1994
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Figure 4-17. Percentage of Hawaii’s Total Electricity Produced by Sugar Industry
by Island and for the State of Hawaii, 1980-1994

4.4.10.2. SUGAR INDUSTRY ELECTRICITY PRODUCTION,
PURCHASES, USE, AND SALES

Hawaii’s sugarcane factories use high-pressure boilers fueled with bagasse, and often
supplemented by oil or coal, to produce steam used to generate electricity and process
sugarcane. Some factories supplement their steam generation with hydroelectric facilities
and diesel generation. The electricity produced is also used to pump water for irrigation.
In some cases, sugar plantations also purchase electricity from the utilities.

Sugar factories are cogenerators, producing mechanical and electrical power for their own
use, and most sugarcane factories are classified as qualifying facilities under federal
regulations that can sell surplus electrical power to the utilities. On Kauai, The Lihue
Plantation has a firm power contract for 14 MW. On Maui, Hawaii Commercial & Sugar
Company plays a major role in providing electricity to MECO with a firm power contract
for 16 MW. Hilo Coast Processing Company (HCPC) on the Big Island is providing

22 MW of firm power to HELCO using fossil fuel. Other sugar factories have contracts to
sell standby and unscheduled power only, but these power sales make a major contribution
to the total amount of electricity generated in Hawaii and to the bottom line of the sugar
company. The following table provides a summary of the electricity generation, use, sales,
and purchases of the sugar plantations by island in 1994.
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HAWAIL

Hamakua 4551 071 2988 16.33
Il HepPC 114.11 030 87.33 2707}
Ka'u Agribusiness 982 061 0 10.43 ||
HAWAIl Total 16944 162 17722 5384]|
KAUAI Jl
Gay & Robinson 91 301 053 1158
[|_Kekaha Sugar 2524 2% 504 25
[l Lihue Plant 7562 0.08 4894 2676
I McBryde Sugar 4348 02 2038 2334
KAUAI Total 12491 1482 7102 68.72
[ MAUI
" HC&S Paia 4024 0 0 4024
HC&S Puunene 18464 089 101.99 8364
Il Pioneer Mill 19.12 634 272 274
i MAUI Total 24401 733 104.72 146.62
" OAHU
Ozhu Sugar 7063 424 4075 34.12
[|_waialua Sugar 51.01 747 2202 3543}l
(t OAHU Total 12146 11.74 6277 7057
STATE TOTAL 68854 2629 41573 33525

Source: Unpublished HSPA Data

Table 4-6. Sugar Industry Electricity Generation, Purchases, Sales,
and Use by Island, 1994

4.4.10.3. ENERGY SUPPLIES FOR SUGAR INDUSTRY
ELECTRICITY GENERATION

As noted above, Hawaii’s sugar industry has been the main source of renewable energy in
the islands throughout its history. In 1980, the sugar industry produced 9.3 percent of the
total electrical energy produced in the state, and produced 90 percent of that energy with
bagasse boiler fuel or hydroelectric generators. Sugar industry electricity produced by
renewables accounted for a total of 8.6% of all electrical energy in the state. Figure 4-18
shows the percentage of energy produced within the sugar industry from non fossil energy
sources (bagasse and hydro) has been on a downtrend on all islands and statewide since
1980. Factors included declining availability of bagasse and declining oil prices in the mid-
1980s. Closure of sugar operations contributed to this trend, which is expected to continue
in the future.

There has been a decline in biomass and hydro generation and an increase in oil- and coal-
fired generation in the sugar industry. Oil use increased with declining oil prices in the
mid-1980s. It dropped slightly when prices rose as a result of the Iraqi invasion of Kuwait
in 1990, but increased to an all-time high when prices returned to lower levels following
Operation Desert Storm in early 1991. In 1986, coal was introduced as a fuel at HC&S
Puunene, HCPC, and Pioneer Mill. Pioneer Mill used only small amounts for about three
years while the others continued coal use. Table 4-7 summarizes sugar industry coal use.
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Figure 4-18. Renewable Energy Generation within the Sugar Industry, 1980-1994

35,832

Table 4-7. Coal Use in the Hawaii Sugar Industry, 1985-1994 (tons)
4.4.10.4. SUGAR INDUSTRY GENERATING CAPACITY

With the completion of the final harvest at Hamakua Sugar and Hilo Coast Processing
Company in September 1994, bagasse production for power generation for sale to HELCO
ended on the Big Island. HCPC is currently producing energy using coal and oil as future
ownership arrangements are discussed with HELCO. These events drastically reduce
renewable energy production on the Big Island to Puna Geothermal Venture and the wind
farms. Table 4-8 depicts the remaining generating capability of the active sugar plantations
as of October 1995. The closure of both Oahu sugar plantations in 1995 and the scheduled
closure of Ka’u Agribusiness on the Big Island in 1996 will further reduce generating
capacity and the share of renewable energy in Hawaii’s energy system.
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HAWAII
Ka'u Agn'business 25 0 0.7 32 25 0
Hawaii Total 25 0 07 32 25 0
KAUAI
Kekaha Sugar 75 15 0 9 32 205
Lihue Plant > 13 0 263 6 14
McBryde Sugar 15 48 0 198 55 25
Qlokele ﬂgar 2 125 09 1225 265 0
Kauai Total 495 885 09 5925 17.35 1855
MAUI
HC&S Paia 10 0 0 10 6 0
HC&S @ 59 0 479 17 12
l Puunene
Il Pioneer Mill 925 05 0 975 5 1
I Maui Total 61.25 64 0 6765 28 13
i STATE TOTAL 11075 1525 14 1259 4535 3135

" Source: Unpublished HSPA Data
Table 4-8. Sugar Industry Generating Capacity, October 1995

4.4.11. Hawaii’s Alternate Energy Supplies

This section discusses the current sources of alternate energy in Hawaii in addition to those
provided by the sugar industry which were discussed above. Additional sources are under
development and offer great promise for the future.

4.4.11.1. ENERGY FROM LANDFILL GAS

The transition from open dumps to professionally engineered and operated landfills has
resulted in an alternative source of energy: landfill gas caused by decomposition of buried
organic matter. Landfill gas from the Kapaa Sanitary Landfill in Kailua, Oahu, is being
used to fuel a 4,500-horsepower gas turbine installed at the landfill by Kapaa Generating
Partners, of which Ameron HC&D is a limited partner. The plant sold 14.9 GWh to HECO
in 1994.

4.4.11.2. GEOTHERMAL

Geothermal energy has been viewed as the best near-term indigenous resource to meet the
Island of Hawaii’s baseload energy needs. Hawaii’s indigenous geothermal resources
offer significant potential for development.

Puna Geothermal Venture (PGV)

After lengthy legal and technical delays, PGV began generating 10 megawatts of electricity
in October 1992, but after two weeks, the well had to be plugged. Finally, PGV began
regular production of 25 megawatts of electricity in mid-1993, alleviating some of the Big
Island’s energy concerns and has contributed toward increased energy diversification for
Hawaii County. PGV’s KS-9 and KS-10 production wells, both completed in early 1993,
provide 25 MW of firm baseload capacity to Hawaii Electric Light Company (HELCO).
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State Geothermal Policy

From 1985 through 1989, the state envisioned a large-scale S00 megawatt geothermal/inter-
island submarine cable project as a potential alternative to Hawaii’s extreme dependence on
imported oil to generate electricity. However, after evaluating the costs of a submarine =~
cable, this option was found to be too costly. Current state policy provides for the
development of geothermal energy as a potential resource exclusively for the Island of
Hawaii. In accordance with that policy, the state continues to facilitate efforts to explore,
develop and generate geothermal electricity in a safe, environmentally acceptable manner,
but limited to Island of Hawaii use.

4.4.11.3. HYDROPOWER

Hydropower harnesses the energy in moving water to produce electricity. The force of
falling water or flowing streams spins a turbine that turns a generator that produces
electricity. Hawaii has 20 hydropower plants of 0.2 MW and more. Hydropower plants
are economical and long-lasting. They usually cost less to operate than other generating
plants. However, the flow of Hawaii’s streams varies considerably according to seasonal
rainfall so hydropower in Hawaii is considered an “intermittent” and not a “firm” resource.

HAWAl Hilo Wailuku HELCO Puueo
Hilo Wailuku 075 6.10 HELCO Puueo
Hilo Wailuku 0.75 445 HELCO Waiau
Hilo Wailuku 035 0.81 134 HELCO Waiau
Hilo Ainako 001 0.04 007 Wenco Energy
Hawi Kohala Ditch 0.01 03 155 Hawi Ag & Ene
Waimea Waimea/Waikoloa 004 0.15 025 Hawaii County
Pineline
Haina Hamakua Ditch 0.80 1.99 332 Hamakua Sugar
Hilo ** Wailuku 1200 1765 242 Wailuku River Hydro
. Power
Hawaii Total 1621 35056 5842
KAUAI Waimea Waimea 1.00 389 6.48 Kekaha Sugar
Waiawa Kekaha Ditch 050 165 275 Kekaha Sugar
Lihue Wailua Ditch 050 0 0 Lihue Piantation
Lihue Wailua Ditch 0.80 0 0 Lihue Plantation
North Wainiha 380 10.90 1817 McBryde Sugar If
Kalzheo Alexander Res. 100 181 302 | McBryde Sugar “
Kaumakani Makawsli 125 1.63 272 Olokele Sugar
Kauai Total 885 19.88 33.14
MAUI Kaheka Wailoa Ditch 450 16.43 2738 HC&S —"
Paia Wailoa Ditch 090 621 1035 HC&S 1l
Hamakua Wailoa Ditch 050 0.15 025 HC&S
Lahaina Kayula 0.50 0.00 0.00 Pioneer Mill
Maui Total ' 6.40 22.79 37.98
STATE TOTAL 31.46 | 77.72 129.54

* Oil equivalence based on 600 kWh per barrel of oil. ** Facility began providing electricity to HELCO in May 1993.
Table 4-9. Hydroelectric Generation in Hawaii, 1993
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Seven hydroelectric plants are on Kauai. They are operated by sugar companies and
furnish power for plantation and mill operations. Surplus electricity is sold to Kauai
Electric.

Sugar companies operate four hydropower plants on Maui. During 1992, these plants
supplied about 2 percent of Maui’s electrical needs.

The Island of Hawaii has nine hydropower plants. Five of them are located on the Wailuku
River near Hilo, four of which are owned and operated by HELCO. The Wailuku River
Hydroelectric Power Plant on the Island of Hawaii, with its capacity of 12 MW, is the
newest and largest hydro plant in the state. It began producing electricity in May 1993 and
was the first commercial hydroelectric power plant to be completed on that island in 50
years. The others are operated by Hawi Agriculture and Energy Company, the Hamakua
Sugar Company, the County Department of Water Supply and Wenko Energy Company.
They supply electricity for those companies’ operations and to HELCO.

In recent years, several other proposed hydroelectric projects on Hawaii, Kauai, and Maui
of up to 39 MW in additional generation capacity were unable to obtain required permits for
construction due to opposition by community groups and financial constraints.

4.4.11.4. MUNICIPAL SOLID WASTE

Municipal solid waste is another source of renewable energy which can be deemed
biomass. On Oahu in 1994, the 57 MW Honolulu Project of Waste Energy Recovery (H-
POWER) at Campbell Industrial Park burned about 633,000 tons of municipal waste to
produce 332 GWh which was sold to HECO for about $28.7 million. This displaced over
500,000 barrels of oil. It also reduced the volume of waste going to landfills which have
limited capacity and are extremely difficult to site. H-POWER began test operations in
November 1989 and has sold electricity to HECO since May 1990.

4.4.11.5. OCEAN THERMAL ENERGY CONVERSION

Ocean Thermal Energy Conversion, or OTEC, produces electricity and desalinated water.
The only OTEC plant in the world is operated by the Pacific International Center for High
Technology Research (PICHTR) on the Island of Hawaii. This 210 kW open-cycle
experimental plant has been operational since January 1993, and has produced the highest
outputs of electricity and desalinated water ever achieved. The work was sponsored by the
USDOE and the State of Hawaii.

The Natural Energy Laboratory of Hawaii and HECO, in conjunction with PICHTR, are in
the process of designing a small 50 kW closed-cycle experimental OTEC plant for the
testing of aluminum roll-bonded heat exchangers which are expected to improve the cost-
effectiveness of the plant.

Studies conducted by PICHTR suggest that plants ranging in size from 10 MW to 100 MW
could be economically viable. However, to proceed beyond paper studies and small
experimental plants, a pre-commercial floating plant of at least 5 MW capacity must be
designed, built, and operated for several years to obtain life cycle data. Such a plant would
cost about $100 million over five years.
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4.4.11.6. SOLAR ENERGY

Hawaii’s location provides very high levels of solar radiation (also called insolation).
Using this radiation, solar thermal power or photovoltaic (PV) power can provide Hawaii
with an alternative source of power to replace imported petroleum in some end-use sectors.

Solar Water Heating

About 60,000 households in Hawaii use solar water heaters, making Hawaii the state with
the nation’s highest per capita installation of these solar devices. These systems save over
489,000 barrels of oil per year.

Photovoltaic Power for Utility-Scale Applications

A 20-kW PV system near Kihei, Maui, continues to operate and furnish power to the utility
grid. This was the first satellite project of a nationwide program sponsored by the U.S.
DOE, the California Energy Commission, the Electric Power Research Institute and Pacific
Gas & Electric Company to demonstrate the use of PV in a utility setting. In addition,
recent surveys estimate that there may be as many as 1,000 off-grid residential photovoltaic
systems on the Island of Hawaii.

4.4.11.7. WIND POWER

Hawaii has some of the best conditions in the world for wind power, and the state was at
one time second only to California in commercial wind-energy generation in the United
States. Wind power in Hawaii now ranks third among our renewable resources that
provide electricity to t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>