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CHAPTER 1: THE HAWAII ENERGY STRATEGY PROGRAM 
1.1. HAWAII 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 
economicdl state-wide energy systems capable of supporting the needs of the people, and 
increased energy self-sufficiency. 

1.2. HAWAII 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: 

Dependuble’ eficient, and economical state-wide energy systems capable of 
suppoi.ting the needs of the people; 

Increased energy self-suficiency where the ratio of indigenous to imported 
energy use is increased; and 

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

The 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 demund through conservation and energy 
eficiency; 

Displuce oil and fossil fuels through alternate and renewa-ble resources; 

Promote energy education and legislation; 

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

Ensure the state’s abilities to implement energy emergency actions immediately 
in the event of afuel 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, H R S .  
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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, eficient, and 
economical energy system capable of supporting Hawaii's energy needs, 
while increasing the state S energy self-sujjiciency and energy security. 
This objective will be met through increased efJiciency of energy use; 
increased diversgcation 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 offuture economic, social, 
environmental, and energy security costs and benejits associated with 
available options. 

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

Energy eficiency is vitally important for future economic growth, energy 
security, and protection of the environment. Energy eficiency shall be 
strongly supported as among the most cost-effective means for reducing 
current andfuture 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 b e  high commercialization 
potential and high benefit/cost ratio. The incorporation of renewables and 
alternative fossilfuels shall be considered in determining a practical energy 
strategy. 

Hawaii's utilities sector, whose dependence upon petroleum as its source of 
fuel far exceeh the national average, is signifcant because it presently has 
the greatestpotential for improvement in the ejjiciency of energy use as well 
as for a major shift from oil to other sources in the near tern  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 identiiJL 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 e#iciency 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 eflciency 
in transportation planning, constmction 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  ass^ 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 adcquate petroleum reserves, or guaranteed emergency 
access to the nation's Strategic Petroleum Reserve, to meet critical needs in 
the event of such dismptions. 

Development and implementation of an effective energy strategy for the state 
will require thefillpar-h*c@ation and support of both the public and private 
sectors. The state shut1 provide leadership in state-wide integrated energy 
planning, the adoption of cost-effective energy conservation practices within 
government facilities and operations, and in the support and encouragement 
of indigenous renewable energy resources development and application. 
The state shall facilitate the active involvement of the general public and 
other stakebMers 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 S.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 pollutants, while 
petroleum shipping and handling pose risks to fragile marine habitats and coastal resort 
areas. An energy policy which internalizes the environmental and social costs of fossil 
fuels 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 S.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 W P )  program in 1990. The program was structured 
to allow the broadest possible representation of Hawaii's "energy community" 21 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 @U?) 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 houye, to support a USDOWState 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 eflective way to meet those needs, the availability 
andpracticality of increasing the use of native energy resources, potential 
alternative fossil energy technologies such as coal gasijication and potential 
energy eficiency measures which could lead to d e d  reduction. l3is 
work contributes to the (US)DOE mission, will reabce the state S , 
vulnerability 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: 

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

e Increased energy efficiency and conservation; 

Development and implementation of regulated and non-regulated energy 0 

development strategies with the least possible overall cost to Hawaii's 
society; 

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

e Increased use of indigenous, renewable energy resources; and 

e 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: 

e Energy resource data and technology acquisition, assessments, analyses, 

Energy policy analysis and evaluation; and 

and forecasting; 

0 

0 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 allowspolicy makers to 
readily track energy flows, given the right analytical tools and data- 
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1.7. HAWAII 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. 

1.7.2. 

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. 

Hawaii Energy Strategy Public Participation 

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

1.7.2.1. 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. Subcommittees 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 
theprogram. . 

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 Statrcs 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 andor 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 ( H E S )  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 seeking 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 fiom 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; 

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

HEP task forces were representative of Hawaii's "energy communi@"; e.g., 
environmental groups, oil companies, all levels of govenunent, 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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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. 

In 1991, HEP concluded that: 

Hawaii Integrated Energy Policy Conclusions 

2.2.3. 

1. 

2. 

3. 

4. 

5. 

6. 

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; 

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; 

Energy conservation and efficiency deserve much greater emphasis in 
Hawaii’s energy mix; 

The state is becoming increasingly vulnerable to oil supply and price 
disruptions as Hawaii’s and the AsiaRacific region’s source of supply 
shifts to the politically volatile Middle Easc 

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

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

Hawaii Integrated Energy Policy Recommendations 

HEP’s principal recommendations were: 

1. 

2. 

3. 

4. 

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

Prepare and publish a biennid Hawaii Energy Plan to replace the Energy 
Functional Plan; 

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”; 

Prepare and publish a comprehensive renewable energy and energy 
efficiency research and development strategy with specific mource 
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 wiU produce coordinated state and county energy emergency plans consistent with 
State of Hawaii Civil Defense and federal response plans. 

Examples of EEP recommendations implemented through the HES program are the state- 
wide renewable energy resource and demand-side management @SM) assessments 
conducted as HES Projects 3 and 4. HES Project 5 supported the H E P 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. HAWAII'S 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. (EECO); 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 EU? 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.  THl3 GOAL OF IRP 

The Framework stated the goal as follows: 

The goal of integrated resource pluming is the identiification of the resources 
or the mix of resources for meeting near and long term consumer energy 
needs in az eflcient 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. 

2. 

3. 

4. 

5 .  

6. 

7. 

The development of integrated resource plans is the responsibility of each 
Utility. 

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

lRPs 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. 

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

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

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

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 ms. 

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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To facilitate reviews of IRP proposals by appropriate state agencies and 
county governments 

Demand-side management @SM) 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. 

2. 

3. 

4. 

5.  

6 .  

7. 

Lower energy bills over the long term. 

Enhance the reliability of Hawaii’s energy systems in three ways: 

0 The DSM resource will increase relative to the state’s overall mix of 
resources; 

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. 

Develop industry and new employment opportunities around DSM 
activities. 

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. 

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

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. 

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. It is 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. HAWAII 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 Hawaii 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. AS- 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, 

I 
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on contract to the US. 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 oil 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 req- 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 Ofticials' 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 
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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 1995: 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 Govern men t B ui I dings 

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 (USDOE) 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 Internodal Trqnsportation System that is 
economically eflcient, environmentally sound, provides the foundation for 
the Nation to compete in the global economy and will move people and 
goods in an energy eflcient manner. "1 

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 HAWAII 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; 

US. Department of Transportation, A Summary: Inlermodal Suvace Transportation E$iciency Act of 
1991. MA-PL-92-08 .  
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Demand-side, Mr. Scott Derrickson, Hawaii Energy Coalition; and Transportation, and 
Ms. 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 Subcommittees 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. 

CHANGES TO THE STATE’S PLANNING LAW 2.7.3.1. 

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 pocket Number 94-02261. 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 H a w e 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 vulnerabfity 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: 

0 Deal effectively with energy disruptions and shortages; 

0 Ensure essential services are maintained; and 
. .  . 

0 Muurmze 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 W i g  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: 

0 Development of an EEP Issues Report (1990) under the HEP program. 
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Revision and update of the state's EEP Plun 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 HAWAII 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 .I. 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 
statewide forecast allows for comparisons with the utilities’ forecasts and the refhement of 
both. 

The project’s objectives were: 

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

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

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

3.1.2. How Project I 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 model 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 

DSM 

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

I 
EnergyDemand - Residential 

- - 
Cogeneration IC 

4 

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., a 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. 

- Commercial - Industrial - Transportation 

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 characteIistics. 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 Subcodttee.  Revised forecasts were 
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presented in January 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 a s  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 defintions 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 measmd 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 AsiaPacific 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: 

e 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 descriptimofimport and expm flows;-fuel 
produchon, storage, distribution, energy secsUrity issues,and use. 

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-tern 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. 

e 

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 DIVERSIF’IED 

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 ( A E S )  
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-Oil Energy Sources in Hawaii, 1970-1993 

3.2.4.3. HAWAII’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 iniprovements in 
the larger end use sectors -- transportation and electricity. 

. 

Figure 3-2. 

3.2.4.3.  

Hawaii Energy Consumption by End-Use Sector, 1970-1992 

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 alkrnatives 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 
stiU 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 Wid 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 import dependency 
would be, to a greater extent, on refined products from foreign countries. 

The following is a summary of the substitution scenarios: 

Substitution For: 
Cumulative 

Reduction 
Base Demand .................................................. .O percent 
Power Generation, Process Heat .......................... 33 percent 
10 percent Gasoline Blending ............................. 34 percent 
Interisland Shipping ........................................ -35 percent 
Light Road Transport ...................................... - 5  1 percent 
Heavy Road Transport ...................................... 55 percent 
Interisland Air ................................................ 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 nxrves 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 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 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 US. 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 
so, and therefore it is common to see some trade to balance the market For example, the 
U.S. West Coast typically has a surplus of heavy fuel oil and a slight shortage of gasoline. 
Hawaii 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. 

- . r  , . -  
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Coal technologies most applicable to Hawaii include coal-water mixtures (CWMs), 
slagging combustors, and atmospheric fluidid-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 
c.onsiderably on a daily bask, 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 profde by curtailing output, although curtailment 
does raise the cost per kwh. 

3 .2 .4 .9 .  LIQUEFIED NATURAL GAS AS AN ALTERNATIVE 

CmntIy,  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. 

3.2.4.1 0. 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 

Oil 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 Oil 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 [OTECJ, geothermal, and wave energy) and a long-range development strategy. 

The Project objectives were: 

0 Summarize existing renewable energy resource assessments; 

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

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

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

0 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 a result, 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. 

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

0 Phase III - Collect Additional Wind and Solar Resource Data and Develop a 
Plan for Inkgrating Renewable Energy Resources Into the State's Energy 
Supply Mix. This phase interpreted and integrated the data into a final 
report which included an inkgrated plan for incorporating renewables into 
the state's energy mix. 

Hawaii Energy Strategy 3-1 1 



3.3.3. Phase I -- 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: 

0 

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 prehinary 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 

RLA determined constraints and requirements for renewable energy projects for renewable 
energy resources (wind, solar, biomass, hydroelectric, geothermal, wave, and OTFC). 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 II and ID 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 
@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. 

3.3.3.5. DEVELOPMENT OF TI-IE 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 III. 

3.3.4. Phase II - Development of Renewable Energy Resource 
Supply Curves 

3.3.4.1. PHASE 11 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: 

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

0 Analyze and reduce existing renewable energy resource data; and 

Develop renewable energy resource supply curves. e 
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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 

lo,= 
lo,= 

10,a 
10,a 

Hamakua Coast 

Note: F’roiect size is given in h W  of installed capacity except for biomass proiects which are listed in minions of gallons per yea 

Table 3-I. 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 

I 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. 

Wind 

SOlarThermal 
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Biomass Elecbic 
Organic Waste 
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Tree Crops 

Biomass Fu&Ethand 
Organic Waste 
sosarmne 
Tree Crops 

Biomass Fuel-Methanol 
Organic Waste 

Tree Crops 
suss- 

Hvdro 
WaVe 

OceanThemral 
Note: Proiect size is niven in M W  of inslaned 

Kaena Point 2.15 Anahda 7 
Kahuku 30,50,80 N.Hanapepe 10 

Port Allen 5 

Lualualei 9) Barkingsands 10 
N. Ewa Plain 9D 
Pearl Harbor 9) 

Lualualei 8) 
N. Ewa Plain 8) 
Pead Harbor 8) 

Lualualei 10,20,50 Barkingsands 10 
N. Ewa Plain 10,s 
Pearl H h r  10.50 
Lualualei 10,20,50 BarkingSands 10 
N. Ewa Plain 10,s 
Pead Harbor 10.50 

Babr's Point 9D 
Kaumakani 25 
L%ue zj 

Kaumakani 9) 
Kaumakani 25 
Liue z; 

Baker's Point 25 MGPY 

Baker's Point 50 MGPY 

Kaumakani 25 MGPY 
Liue 25 MGPY 
Wailua River ~ 6.6 

Makapuu 30,a Anahda 10,30 
Mokapu Point 33 Barkingsands 10,30 
N.E. Coast (upper) 33 
N.E. Coast (lower) 30 
Waimanalo 33 
Kahuku Point 30.60 
Kahe Point a, 

cauadtv except for biomass uroiects which are listed in minions of gallons wr year 

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 a l l  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. 

3.3.4.3.  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 11 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 11 report. 
The graphical output of the resource supply curve model was accompanied by a table which 
provides additional details. 

Hawaii Energy Strategy 3-16 



3.3.5. Phase 111 - Collect Additional Wind and Solar Resource 
Data and Develop a Plan for Integrating Renewable 
Energy Resources into the State's Energy Supply Mix 

3.3.5.1. PHASE III OBJECTIVES 

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

0 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 II 
to reflect newly collected data; and 

0 Develop a plan to hagrate renewable energy into Hawaii's energy supply 
mix. 

The purpose of Phase IU was to collect additional wind and solar resource data at locations 
throughout the s t a ~  identified in Phase I to supplement available data sets. The information 
obtained in Phases I and 1T was incorporated into an Renewable Energy Integration Plan for 
incorporating renewables into the state's energy mix 

Poir+ 
North of 

Hanapepe 
OAHU 

I l l  

Kahuku 

Pearl 
Harbor 

3 Wind Monitoring Station 
Solar Monitoring Station 

3 MOLOKAI NW Slope 
Haleakala 

LANAI . 

Puunene 

Wells 

Kohala 

HA WAll 

I 

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 IE, 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 11 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-characterhd 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 quanwiable 
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 ZI, 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 

Development of Renewable Energy Resource Supply Curves (RSC) 

Appendix A Guidelines for Using the RSC Computer Model 

Appendix B Illustrative Results from the RSC Model 

Appendix C Technology Data Sheets 

Renewable Energy Integration Plan 

Appendix A Resource Supply Curves, Island of Hawaii 

Appendix B 

Appendix C 

Appendix D 

Appendix E Tme-of-Day Pricing Slrmmaries 

Appendix F 

Resource Supply Curves, Island of Maui 

Resource Supply Curves, Island of Oahu 

Resource Supply Curves, Island of Kauai 

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 wiU 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 fmancial 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 energy 
projects generate more jobs than does a comparably-sized fossil fuel plant. A greater use of 
Hawaii's abundant indigenous renewable energy resources would also help to insulate the 
state from fossil fuel price escalation and supply disruptions. 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 umeaJ.istic 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. 

~~~~ 

Hawaii Energy Strategy 3-21 



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 
intemted 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 insufticient 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 k i n g  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 fum 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 (>l50 degrees Celsius) 
resources is a mature technology that has been commercially deployed since the 1960s. A 
25 MW geothermal plant is successfully operating in h a  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 temperam 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 modifjhg 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: 

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 m e a s m  for reaching this potential; 

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

1 

Institutionalize 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 
DSMMeasures 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 model1 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 Reports 

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

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

e The DSM Opportwtities report includes detailed descriptions of the DSM 
Assessment Model and its supporting methodology and results fiom 
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: 

0 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.E building simulation 
program. 

Developed UECs md 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 tvpes and an 

e Final Residential and Commercial Building Prototypes and DOE-2.1 E 

In developing the DBEDT DSM Assessment Model it was necessary to use preliminary versions of the 
ENERGY 2020 model forecast producedbehveen April and June 1994. The ENERGY 2020 model was 
later significantly revised. The use of the early version significantly af€ected 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. 

Hawaii Energy Strategy 3-25 



additional six climate zone applications for resorts and hotels for the 
counties of Maui, Hawaii, and Kauai (23 different simulation results). 

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 mults. The remaining four parts included the results by each 
of the four scenarios. 

0 Residential and Commercial Sector DSM Analyses: Detailed Results From 

0 The DBEDT DSM Assessment Model Users Man&. 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. 

0 m e  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: 

0 The DSMMeasures 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. 

3.4.5. 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 Potenrial - Peak Elecfticity 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. 
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Fluorescent Bulbs 

11% 

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. 

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. 
I 
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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. , _  . I 3  

3.5.. PROJECT 5 - TRANSPORTATION ENERGY STRATEGY 

3.5.1. Project Purpose and Objectives 

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

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

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

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

0 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: 
0 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. 

0 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 effciency improvements and effects on 
overall energy demand were calculated. Transportation control measures 
being considered by transportation planners were evaluated. 

0 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. 

3.5.4. 

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. 

The Project 5 Report 

The final report covered the following topics in a single volume: 
Project Purpose 
Transportation Fuel Consumption: 
Existing and Future Baseline Conditions 
Energy Savings Potential in Hawaii's 
Transportation Sector . 

An Introduction to Alternate 
Transportation Fuels 

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

Infrastructure for Transportation Fuels 
Indigenous Biomass Energy Sources 

Cost Analyses of Scenarios of Alternative 
Fuel Use in Hawaii's Ground 
Transportation 
Potential Measures to Encourage 
Alternative Transportation Fuels and 
Vehicles 
Actions for Consideration 

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 Transporhtion 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 pattems, 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 signifcant 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. 

Methanol has a lower energy content2 than gasoline at 56,800 Btu per gallon, and octane 
ratings of 98 (neat) and 115 (blending octane)? 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,O00-119,OOO Btu), it 
takes more gallons of methanol to travel the same distance (aU 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 11 1 (blending octane)5. 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 
cornpressionhigh 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 (S5-100% alcohol 
blended with 0-15% gasoline) are commerciaUy 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 
sensof’ 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 characteIistics 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 US,, 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. 
This is the number used in calculating the octane boost of a 5% blend of methanol with gasoline. 
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 gallon of gasoline, 
This is the number used m 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. EVs are ‘%ro Emission Vehicles’’ (ZEVs), since they do not bum fuel on 
board; 

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

5. EVs may be more suitable for small-scale (Le. 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 H20 (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 
requks 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 
fiom 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. 

-- Long Term Strategic Considerations for Alternfive Fuels 
Criteria Alcohol Biodiesel Electricity Hydrogen Natural 1 Synthetic LPG 

GaS Natural 
GaS 

Potential energy security + + + + 0 0 

Potential environmental + + + + + + 0 
benefits (including safety) 
Potential beneb  to Hawaii + + + + - 

Jwh3fitsl 

3.5.5.5. 

economy 
Potential for locally available 
feedstackstosupply 
substantial vdurnes of 

THE SCREENING OF CANDIDATE ALTERNATIVE 
FUELS 

+ 12 .+ + 

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 dl 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. 

energy 
Likely to be increasin ly 
competitive with &ne 
and diesel 
Provides flexibili and less 

+ + + + 0 0 0 

+ + + 0 
uncertainty I I I I I I I 

Near-Term Considemtions for Alternative Fuels 
Criteria Alcohol Biodlesel LPG 

N!?bz 
1) A "+" score indi tes  that a fuel h a s  a reasonable potential to be produced in substantial volumes from domestic resources. 
A yo" score implies that an imported fuel might offer increased security of supply and pica  stability compared with crude oil 
imports. 
2 No analysis available on potenkd biodesel production in Hawaii; crop dependent, among other factors. 
3 In this study, "hydrogen vehicles" were considered to be internal combustion engine vehicles. 
4 DBEDTassessment. 
5 I Although hydrogen scored well with respect to the strateg-c criteria, its score under near-term considerations was 
prohibitively poor. 
6) Although propane scored poorly with respect to the stra!egic criteria, its score is dearly superior for near-term 
considemtions and itwas, therefore, evaluated further. 

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 quansied. 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,OOO 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. 
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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 

Hawaii Energy Strategy 3-38 



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 (1 10 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)6 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 E85 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. 

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-tern 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. 

AU 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 C02 when the fuels are burned - but unlike with fossil fuels, in the renewable fuel case 
the biomass re-uses the C02 as part of its growing cycle. Life cycle emissions of 
greenhouse gases are difficult to quantify; however, alternative fuels in general contribute 
less net C02 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 $lOO,OOO. 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 quire  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 $1 1,000 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,OOO 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 refmery investments are 
appropriately made to adjust for the change in the demand barrel. With sufficient 
government and private sector cooperation, refmery impacts do not preclude an aggressive 
substitution goal. 

3.5.5.1 0. 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 
m e a s m  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. 

3.5.5.1 1. 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 (M85E85) 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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A B  
A 2 b 2  
A.6 
A.13.a 
I 02 I Public Education / Outreach I 

New or Repkcement Fueling Fadrtks to be AlmholCompatible 
Off-Peak Recharging for Electric Vehicles Avaikble at a Reduced Rate 
Adjust Fuel Taxes on the Basis of Energy Content' 
fleet Purchase Requirements for State Government Fleets 

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

Measure k2.a  was expected to occur voluntarily to some extent; increasingly stringent 
underground tank requirements may result in voluntary installation 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 k 6 ,  adjustment of fuel taxes 
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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 €3). 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 A F V s  in use by 2014 than other scenarios. Even without fleet 
mandates, several thousand (about 60,000) A F V s  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 A F V s  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. 
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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 o c c d  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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Figure 3-1 6. Cumulative Employment (Person-Years, 19952014) 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 A F V s  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, cumulative 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 (FEU) to mitigate existing hazards. The 
objectives accomplished by the energy vulnerability assessment were as follows: 

0 To conduct a comprehensive assessment of Hawaii's energy system 

To evaluate industry/state energy emergency readiness and acceptable levels 

To recommend hazard mitigation initiatives to decrease energy system 

vulnerability to energy supply disruptions from natural disasters; 

of risk in view of potential vulnerabilities; and 

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

0 

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 fiom 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, fded 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 $1 15. The economic effects and 
individual hardship of this increase are fairly evident, as Kauai continues its struggle to 
recover. 

<- -- 
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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. 
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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. HAWAII 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 costbenefit 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 
Center7 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: Quai -- 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 lo00 
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 - HAWAII 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 repoh 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 RES Program Guide in September 1992 and 
was provided to all Project Managers and their consultants to assist them in developing a 
compatible h a l  project report. Systematic Solutions, Inc. (SST), 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 
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effectiveness of policy options from a l l  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. 

Initially developed for the USDOE, ENERGY 2020 was designed as a computer simulation 
model 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 
Japanese 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 

3.7.3.1. 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: 

0 Effects of pollution on public health; 

0 Ground, air, and water pollution and damage to agricultural crops and 
livestock; 

0 Military costs of ensuring the security of our energy supplies; 
0 Effects of oil imports on our economy; 
0 Government subsidies; 

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

e 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 thatutility-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 en& 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 - SimpIified Diugram 

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

Long Range Energy SupplyDemand 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 
oppor&unity over the planning period is developed. 

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., CEO's of energy utilities, oil companies, environmental groups, etc.). 
The EPAC provides energy policy advice to the State Energy Resources Coordinator. The 
Integration Group (IC) 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 analyses and policy recommendations it 
contains begin to demonstrate the importance and value of the energy planning process 
envisioned for Hawaii. The report provides comprehensive coverage of key energy issues, 
options, and a 20-year strategy to address the issues in support of the state's policy 
objectives. HES represents 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 
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. 

economic outcomes that are 

Maine - A Case Study in State Energy Planning 

Since the 198O'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 

s-1 

s-2 

s-3 

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. 

$1,002.7 $405.1 $86.2 $31 8.9 

$928.7 $433.9 $1 16.9 $31 7.0 

$942.3 $335.1 $231.1 $1 04.0 

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 @TUG) for 

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 M W  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. It is 
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 bash of these three scenarios: Cost-Effective Energy Diversification 
(CEED); Maximum DSMIMaximum 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 WS, 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 
minimi7;ing 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 oil 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 5 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 refme 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. Oil 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 seMces, when energy costs increase, demand 
is reduced for other products and services. 

Investment in energy efficiency can reduce energy costs and permit businesses and 
consumers t~ 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, refiied oil products, coal, and 
LPG, or through local production of biomass (bagasse and solid waste), wind, geothermal, 
solar, and hydropower. 

Imported crude oil is refhed 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 discern the alternate energy share in meting 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 E m n  VaZdez 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. 

Hawaii Energy Strategy 4-3 



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 ( A E S )  
at Barbers Point on Oahu and shows up even more dramatically in the statistics for 1993, 
le first full year of operation. 

S Wind 

E Geothermal 

Figure 4-3. Non-Oil Energy Sources in Hawaii, 1970-1993 

4.1.4. Energy and Oil Intensities 

Energy is a vitd 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. 

Energy per Capita I 
04 : : : : : : : : : : : : : : :  : : : : :  : ! I  

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 EnergyEnergy Information 
Agency 's (USDOEYEW), 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-metexed 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 
govemment. 

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 sbrategy 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 andor prices. In terns of setting priorities and having a wider impact on total 
energy use, it seems clear that the state wiU also have to look to making improvements in 
he  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 elecmcity. 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 elecdcity 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 

I over the past two decades. Electricity consumption per capita increased from around 4,700 
kilowatt-hours per capita (kWcapita) in 1970 to over 5,940 kWcapita in 1979, reaching 
6,400 kWcapita  in 1989, and 6,664 kWWcapita 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. Molobai, 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 kmTh per person per day. Oahu is the only island with 
lower electricity rates than Ma& 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, 
1970-1 993 

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 generation by energy source, 
from 1983 to 1993. 

Two features stand out: fnst, 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. 

Hawaii Energy Strategy 4-8 



10,000 

9,000 

8,000 

7,000 

6,000 

5,000 
rn ‘ v s ?  OD Q, 0 %- 

OD m Q) 
0, 0)  a, Q) a, 

% O D  
0 * rD (0 
OD OD OD OD 
Q) 0, c c Y %- Y %- %- %- Y 

4-7. Electricity Generation in Hawaii by Typey I970-1993 
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Figure 4-8. Comparison of Fuel Sources for Electric Power Generation by Ishnd, 
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 M a d 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 &e 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 consideFbly 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 mource 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 fssion 
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 Resourcys Plan of 
each utility as fled with the PUC. Financial and sales information are available in Federal 
Energy Regulatory Commission (FERC) Form 1 or Annual Report fjlings 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 f m  capacity of 201.6 MW. HELCO owns 154.6 MW, or 
77 percent. The remaining fm 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 fm 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 f m  capacity is provided by oil-fired generators, and the company owns 
four hydroelectric plants which provide non-fm power. In addition, HELCO purchases 
wind and hydroelectric power from PPs and cogenerators with a total non-firm capacity of 
28.8 1 MW. Table 4-1 summarizes electrical generation capacity in Hawaii County by type. 

Table 4-1. Electrical Capacity in Hawaii CountyJ 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. 

Table 4-2. Electrical Capacity in Honolulu CountyJ 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 availabldas needed basis by non-firm power 
producers, including, the Makani Uwila wind farm, and cogenerators operated by the BHP 
Refmery, Chevron Refmery, 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 M W ,  or 87 percent. Lihue Plantation provides another 14 
M W .  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 availabldas needed basis by the 
sugar plantations. 

capacity in W i n  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. (MECO), 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 103 1 GWh generated for utility use. The remainder was produced and 
sold to the utility for resale by small lPPs 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 availableh 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 f m  capacity is 10.76 MW. All of Lanai's generators are 
MECO-owned diesels. A peak of 4.7 M W  was reached at 7: 11 p.m. on August 10,1994. 
Table 4-4 summarizes electrical generation capacity in Maui County by type. 

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 
commercWindustrial 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 commercialhdustrial 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 utiliv 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, Le., 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 (e.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: 

Transportation energy, including aviation, ground transportation, and marine fuels; 

Non-utility gas; and 

Energy used for process or power generation which is not sold to the utility system, 
but is used by the generator or sold directly to a non-utility user. 

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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Figure 4-9. Resident and De Facto Population and Registered Vehicles in Hawaii, 

1970-1 993 

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 w i t  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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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 traffk 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 4-1 1. 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 I 

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 198 1 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 markec and 
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 their own use. While there are many smaller self- 
generators, data is readily available on only the largest of these. This section wil l  
summarize these producers. 

4.3.7.1. CO-GENERATORS 

The two major cogenerators are on Oahu They are also independent power producers 
which provide f i i  power under contract to HECO. Kalaeloa Partners uses a 180 M W  
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 A E S  
Barbers Point 180 MW coal plant also produces firin 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 M W  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 fm 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)I. 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. Hawaii receives about 45% of its crude oil from Alaska. Hawaii is also linked to 
the greater Asia-Pacific oil market, where the typical crudes produced are very low in sulfur 
and thus are desirable 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 e q d y  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 m a t  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 statek 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. 

Petroleum Adminismion for Defense Districts (PADD) are geographic aggregations 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 refmeries 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 ratea 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. 

4.4.5. Domestic Sources of Crude Oil 
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Figure 4-15. AIaskan Crude Production Forecast, 1994-201 0 

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-l980s, 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 rnb/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 wiU sti l l  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 oil is 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 r e f ~ g  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. 
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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 
so, 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 (LPG) 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 1.43 1 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 refmeries' 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 W i g  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. HECOs use of coal 
dates back to 1894. In 1902 HECO imported about 5,000 tons of coal for electricity 
generation from Australia. HECOs coal use was short lived however, with oil-fired plan@ 
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,OOO-35,OOO tons per year, while the coal- 
burning sugar plantations on Maui and the Big Island together used about 9,OOO tons in 
1991. However, 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,OOO tons per 
year. Coal use became an even greater factor in September 1992 with the start-up of the 
A E S  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 Hawaii 

In HES Project 2, Task DI, 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. 

4.4.1 0. Renewable Energy Supplies: The Sugar Industry 

SUGAR INDUSTRY CONTRIBUTION TO HAWAII’§ 
ELECTRICAL GENERATION 

4.4.10.1. 

Hawaii’s sugar industry is an important part of the state’s electrical generation system. In 
1986,ll. 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 Hamalcua 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 Hamalcua 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 HELCO 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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1-0-Hawaii --O-Kauai -0-Maui +State +Oahu I 
Source Unpublished Hawaii Sugar Planters' Association (HSPA) Data 

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

4.4.1 0.2. 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 higation. 
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 finn 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 M W  of f m  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 electricily 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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MAUl 
HC&S Paia 4024 0 0 4024 
HC&S Puunerie 184.64 0.93 101.99 83.64 
Pioneer Mill 19.12 6.34 272 2274 

O a h U s u g a r  
Waialua Sugar 

OAHU Total 
STATE TOTAL 

70.63 424 40.75 34.12 
51.01 7.47 2202 35.43 

121.46 11.71 6271 7057 
68854 2629 415.73 33525 

Table 4-6. Sugar Industry Electricity Generation, Purchases, Sales, 
and Use by Island, I994 

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 a l l  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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Source: Unpublished HSPA Data 
Figure 4-18. Renewable Energy Generation within the Sugar Industry, 1980-1994 

7,809 I 9.365 i 56.654 I 65,337 49,781 

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 HJ3LCO. These events drastically reduce 
renewable energy production on the Big Island to Puna Geothennal 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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Source: Unpublished HSPA Data 

Table 4-8. Sugar Industry Generating Capacity, October 1995 

4.4.1 1. 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 landfi i  has 
resulted in an alternative source of energy: landfii 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. 

4.4.1 1.2. 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 f rm 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 500 megawatt geothermallinter- 
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 geothemal 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. 

4.4.1 1.3. 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 'W resource. 

I Hilo" Wailuku I 1200 I 17.65 I 29.42 II I 
Hawaiifotal I I I621 I 35115 I saA2 

KAUAI I Wairnea I Wairnea I 1.00 I 389 I 6.48 

* Oil equivalence based on 600 kWh per barrel of oil. ** Facility began providing electricity to HELC( 

Wailuku River Hydro 
Power 11 
KekahaSugar 
Kekaha Sugar 
Liue Plantation 
Liue Plan& 
McBryde Sugar 
McBryde Sugar 
Obkele sugar 

HC&S 
HC&S 

m 31 Pioneer Mill 

'1 
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. 

4.4.1 1.4. 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 (l?ICHTR) 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 mging in size from 10 MW to 100 M W  
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 replack 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,OOO 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 the utility grids. Although most Hawaii wind farms are small 
compared to Mainland installations, they contributed 22.77 MWh of electricity in 1993. 
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Figure 4-19. Wind Generation Capacity in Hawaii, 1980-1993 
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Table 4-10. Hawaii’s Wind Energy Capacity, 1994 

In April 1993, the New World Power Corporation of Connecticut bought the former 
Hawaiian Electric Renewable Systems Makani Moae wind farm at K a h b ,  Oahu, and 
renamed it Makani Uwila Power Corporation (MUPC). MUPC resumed supplying 
electricity to HECO, producing 2,464 megawatt hours of electricity in 1994. 

Wind farms on the Island of Hawaii generated approximately 17.68 MWh during 1993. 
Lalamilo wind farm in Kohala supplied about 3.56 MWh hours, the Kamaoa wind farm at 
South Point 13.67 Mwh, and a group of other wind farms, including Kahua Ranch, about 
0.43 MWh. Lalamilo sold an additional 3 Mwh of electricity to the Hawaii County Water 
Department for pumping purposes. 

The next chapters of this report will forecast the future of Hawaii’s energy system and look 
at ways to reduce energy demand and provide for the remaining demand in scenarios 
developed to meet Hawaii’s energy demand. 
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CHAPTER 5 -- MODELING HAWAII’S ENERGY FUTURE 

5.1. ENERGY 2020 -- THE ENERGY MODEL 

ENERGY 2020 is a system dynamics model developed by Systematic Solutions, Inc. 
(SSI), designed especially for comprehensive energy planning at a regional level. 

The complete ENERGY 2020 model integrates energy demand, supply, and the economy, 
allowing policy analyses to be performed Specifically, ENERGY 2020 simulates the 
major departments of regulated electric and gas utilities, other energy supply sources, and 
the major components of energy demand, including transportation demand, in asingle 
comprehensive framework connected by several important feedback responses. The 
interactions between all the components of the energy system are consistently represented. 

For example, estimates of production costs can be used to screen demand side management 
@SM) options. These options then affect demand and cause prices to change. The price 
changes may then alter consumer behavior. I€ DSM program impact analysis is developed 
without consideration of the secondary effects of these price changes, the programs will be 
less effective than anticipated and the utility may be faced with the cost of the DSM 
programs as well as the burden of building new capacity on relatively shorter notice. After 
the plants are built, rates will rise and demand wiU fall short of expectations. 

I ENERGY I ENERGY 
DEMAND SUPPLY 
(Sales) (Rate Base) 

ECONOMY ENERGY 
(Gross Regional REGULATION 

Product) (Prices) 4 

Figure 5-1. Feedback Loops Linking the Components of ENERGY 2020 

Figure 5-1 illustrates the basic feedback loops in ENERGY 2020. Through causal 
modeling, in combination with econometric, engineering, and system dynamics techniques, 
the closed loop system is simulated. There are many interconnections between the four 
segments (boxes). These result in feedback which must be taken into account. Some 
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relationships reinforce behaviors, while others stabilize and control the system by 
countering any disturbance. In some instances, the response to policies and programs will 
have the opposite effect in the long-term relative to the short-term. Thus, for robust 
planning, it is important that dynamic behaviors over time be explicitly addressed. 

5.1 .I. Structure of ENERGY 2020 

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

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

Each of these components is represented by one or more sectors. Four detailed demand 
modules for the counties of Hawaii, Kauai, and Maui, and the City and County of 
Honolulu were linked with the corresponding Regional Economic Models, Inc. (REMI) 
macroeconomic models. These were also linked to explicitly modeled electric utility, 
ground transportation, and both bottled and utility gas sectors. An oil ref&g sector, and 
air and marine transportation were modeled at the state leveL Demand was divided into 
four customer classes: residential; commercial, industrial (including cogeneration); and 
transportation, which were in turn disaggregated into numerous end-use groups. 

ENERGY 2020 models the demand for energy service and the detailed components of that 
demand. It takes into account many factors affecting energy choices including: both device 
and process efficiency choices; the consumer's budget constraints; preferences; information 
requirements; economic growth impacts; technology changes; and take-back dynamics. 
ENERGY 2020 causally formulates the energy demand equation. ENERGY 2020 
explicitly identifies the multiple ways price changes influence the relative economics of 
alternative technologies and behaviors, which in turn determine consumers' demands. In 
this sense, price elasticities are outputs, not inputs, of ENERGY 2020. The model 
recognizes that price responses vary over time, and depend upon factors such as the rate of 
investment, age and efficiency of the capital stock, and the relative prices of alternative 
technologies. Figure 5-2 illustrates the basic demand configuration of the Hawaii versions 
of ENERGY 2020. 

The basic supply Sector of ENERGY 2020 provides price feedback to the demand and 
economy sectors. The supply sector includes not only the energy producing and delivering 
companies, but also the regulators and market mechanisms. 
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Figure 5-2. ENERGY 2020 Demand Configuration 
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Figure 5-3. Basic ENERGY 2020 Electric Sector 
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ENERGY 2020 also simulates the detailed operation of the four regulated electric 
companies and one regulated gas company operating in Hawaii. The model endogenously 
forecasts capacity needs, as well as the planning, construction, operation, and retirement of 
generating plants and transmission facilities. In the model, each step is financed by 
revenues, debt, and the sale of stock. Like their real-world counterparts, the simulated 
utilities pay taxes. A complete set of accounting books is also generated by the model. In 
ENERGY 2020, the regulatory function is modeled as a part of the utility sector. The 
regulator sets the allowed rate of return, divides revenue responsibility among customer 
classes, approves rate base, revenues and expenses, and sets fuel adjustment charges. 
Detailed supply sectors for oil refining on Oahu, and air and marine transportation 
statewide, were also explicitly modeled for the Hawaii configuration of ENERGY 2020. 

ENERGY 2020 has a pollution accounting module to keep track of pollution generation by: 
end-use and fuel from the demand sector; and supply/plant type from the utility sector. 
ENERGY 2020's pollution accounting module also tracks energy-related pollution in the 
transportation sector by mode, and in the industrial sector by two digit SIC code. 
Greenhouse gasses: carbon dioxide, nitrous oxides, and methane are also tracked. The 
pollution generation levels are fed back to the supply sectors, which allows policies to be 
introduced which adjust production to meet environmental constraints. 

5.1.2. ENERGY 2020 Data Sources 

ENERGY 2020's internal national and state databases contain historical economic, price, 
and demand data by economic sector, fuel, and end-use. Region and utility-specific data 
override and supplement aggregate data when available. The Hawaii configuration of 
ENERGY 2020 used the reports from HES Projects 2,3,4, and 5, FERC Forms, FERC 
Annual Reports, and utility Integrated Resource Plans (JRPs), as well as other local data 
supplied by DBEDT to model the economy, demand, and supply sectors. The ENERGY 
2020 data files were fully documented with all data sources noted. 

5.2. ENERGY 2020 AND THE REMI ECONOMIC MODEL 

A macroeconomic forecasting model is required to cmte  the specific economic drivers for 
ENERGY 2020's energy forecast. As no current state economic forecast was available, the 
REMI economic forecasting model was used to forecast these necessary economic drivers. 
The REMI service-area-specific model simulates the competition between the local service 
area and the "rest-of-the-world for markets, business, and population. ENERGY 2020, 
when linked to REMI, captures the feedback impacts of rates, construction, and 
conservation programs on local economic growth, employment, and energy use. 

5.2.1. The REMI Model and Its Relationship to ENERGY 2020 

Under HES, four integrated economic and energy models representing the four counties of 
Hawaii: Honolulu (Oahu); Maui (including Molokai and Lanai); Hawaii; and Quai were 
developed. Each has a REMI model simulating the economic future of that county and an 
appropriate version of ENERGY 2020 simulating that county's energy markets. When all 
four county models are run simultaneously, inter-county interactions are captured, as the 
forecast is executed a year at a time. 

ENERGY 2020 is fully linked with the REMI model which allows the energy prices and 
price changes generated in ENERGY 2020 to dynamically interact with REMI'S economic 
forecast. The economic forecast changes then flow back to ENERGY 2020, affecting 
future demand, utility ram, and resource planning. 
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Personal income and gross output by industry from the REMI model are the principal 
drivers for ENERGY 2020. Other REMI variables used in the ENERGY 2020 databases 
include population, new capital investment, gross regional product (GRP), and 
employment. The different sectors of ENERGY 2020 developed for this project include: 
residential, commercial, industrial, and transportation demands; electric utility; regulated ’ 
utility and unregulated gas service; and oil refining. Each is driven by one or more 
economic variable. For example, personal income is the principal driver for the residential 
sector, while gross output by industry is the principal driver for the commercial and 
industrial sectors. Policies developed for the regulated and unregulated energy sectors 
cause energy price changes and possible direct changes in employment which, when fed 
back into the REMI model, affect the drivers of the other sectors. REMI outputs drive 
ENERGY 2020, and ENERGY 2020 outputs, in turn, influence the REMI simulations. 

Prior to this project, ENERGY 2020 and REMI were linked principally through energy 
price feedback loops that allowed the simulation of economic changes fiom changing 
electric and gas prices. As the Hawaii version of the ENERGY 2020 model required more 
detail, new feedback loops from utility policy simulations (e.g., supply side, DSM, and 
economic impacts from transportation policies) were developed and incorporated into the 
linkage structure. Therefore, the baseline economic forecasts described include any 
economic alteration from the feedback effects of ENERGY 2020’s baseline outputs. As 
energy policies are developed, changed, and implemented, the model captures these effects 
and causes the baseline economic simulation to change accordingly. 

5.2.2. Structure of the REMI Model 

1. output 1 

3. Population 
and 

Labor Supply 

Figure 5-4. Structure of the REMI Model 

The basic structure of the REMI model is shown in Figure 5-4. The REMI model is 
composed of five sectors or “linkages” as REMI calls them: the output linkage; the demand 
linkage (for both labor and capital); the supply linkage (of population and labor); the market 
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share linkage; and the wage linkage (including prices and profits). These parts are linked to 
each other through common variables. The local demand for components of personal 
consumption determined in the output linkage is a function of real income, investment, and 
government expenditures. Investment demand is also endogenously determined and is a 
function of both relative factor prices and expected economic activity. Government 
expenditures depend in part on the size of the local population. When coupled with export 
demand, these demands determine industry demand by sector and the industry output of the 
model. 

The employment demand by industry and occupation is a function of both local output 
determined in the output linkage and the number of employees per dollar of output. The 
latter is determined in part by the relative costs and substitutability of all the factors of 
production. 

Labor supply and population are closely linked. Population by age and sex in the REMI 
model is calculated in the demographidmigration module from interactions of natural 
causes (e.g., births and deaths) and migration shifts (for economic or other reasons). 
Therefore, population depends on migration (retirement, military, international, and 
economic) as well as the cohort survival aspects of population change. Natural population 
changes are derived from appropriate fertility and survival rates. Economic migration 
further depends on expected income which is calculated from the employmentflabor force 
ratio, the real wage rate and the mix of industries. 

The wage rates are determined by the aggregate employmentnabor force ratio and 
occupation specific demand and supply conditions. 

Market shares, both locally and in the export market, depend on selling prices and 
profitability--the ability to compete. Competitive pricing depends on factor costs including 
labor costs. 

5.2.3. REMI Data Sources 

5.2.3.1. PRIMARY HISTORICAL DATA 

A complete documentation of the data sources w d  in REMI (definitions, descriptions and 
estimation procedures for missing data) can be found in Chapter IV of Model 
Documenmion for the REMI EDFS-53 Forecasting and Simulation Model, July 1993, 
Volume 1. The primary historical data source is the Bureau of Economic Analysis @EA) 
employment, wage and personal income series covering the years from 1969 and is 
available for counties at the one digit SIC code level. A secondary source is the Bureau of 
Labor Statistics PLS) annual average employment and total annual wages at the two-digit 
SIC code level for counties (ES-202 data). Supplementary data sources, such as County 
Business Patterns (CBP), data were also used when available. 

5.2.3.2. SUPPLEMENTAL HISTORICAL DATA 

State-specific fuel cost data came from the Energy Information Administration (EIA) State 
Price and Expenditure Report. Fuel weight data by SIC code came from 1982 Census of 
Manufacturers--Subject Series; Table 3 was used for manufacturing and other census data 
for construction, service, retail and wholesale trade, and agriculture. EL4 data were used 
for transportation and public utilities. 
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Tax data used to calculate the cost of capital, and to estimate residential and non-residential 
capital stock, came from the Government Finances (Revenue) publication and the Survey 
of Current Business. 

Gross State Product (GSP) data came from BEA and BLS (U.S. input-output table) and 
the Survey of Current Business. Data on housing prices came from the Census of Housing 
(1970, 1980, 1990). 

5.2.3.3. NATIONAL FORECAST DATA 

The primary set of projections used in the REMI model came from the BLS Outlook 2005 
projections published in the November 1991 issue of the MonthZy Labor.Reviav. Data for 
compiling the output time seriesfor manufacturing industries are in the Census and the 
Annual Survey of Manufacturers. For non-manufacturing industries, a variety of sources 
were used including Service Annual Survey, National Income and Products Accounts data, 
IRS Business Income Tax Receipts, and other sources. 

The 1990 Bureau of Census Survey provides initial population data which were 
“normalized” to data from the BEA. Data from Current Population Reports provides 
fertility and survival rates and five year cohort rates as well as data on international 
immigration. Birth and death rates came from the StatisticaZAbstract of the United States. 
Other sources of data were used for specific components of migration. A complete listing 
of all data sources and an explanation of how population growth was estimated can be 
found in Chapter 12 of Volume 1 of the REMI Documentation. 

REMI uses a linearly trended forecast from 1990 to 2005. After 2005, the BLS moderate- 
growth labor force participation rates and the Census Bureau’s middle population 
projections for the U.S. were used to forecast the labor force. Business cycles were added 
to the U.S. forecast from the short-term national forecast from the University of 
Michigan’s Research Seminar in Quantitative Economics (RSQE). Occupation demands 
were derived from a fixed-proportion occupation by industry matrix based on the BLS 
1990 and projected 2005 National OES Matrices. 

5.2.4. Adjustments to REMI Default Data 

When available, REMI data from national sources can be overridden with better local data. 
For the initial REMI forecast, most of the default data were used with the following 
exceptions. 

Local estimates of military employment were used in place of the REMI default data. The 
national trend is a reduced presence of the military in most local economies. However 
Hawaii, because of its strategic location, has not experienced the downsizing of the military 
to the same extent as the rest of the United States. The military employment estimates from 
the utility IRps were used to override the default REMI data. 

State and local government employment was altered to account for local sentiment against 
the growth of this sector. The population-driven REMI variable was modified to reflect the 
trend toward a smaller government presence in the counties where the initial REMI 
percentages were relatively higher. 

The population variables were also altered to reflect known, unpredictable anomalies such 
as Hurricane Iniki. In particular, since the REMI forecast period begins in 1992, the 1992 
and 1993 numbers were altered to match actual population numbers when available. 
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Hawaii has a tourism-driven economy making forecasting tourist arrivals very important. 
The REMI model alone does not forecast visitor census (although it is a policy variable in 
the model). However, the EMIENERGY 2020 interface produces a visitor census 
calculation and a forecast of defacto population but it is derived in a post-processing 
routine. As proxy variables for number of tourists, the service industry variables simulated 
by REMI were evaluated and compared with tourist projection growth rates. 
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Hotel sales were altered, if necessary and when possible, to grow at a rate compatible with 
the rate that is forecasted for future tourists. These tourists come from two main markets -- 
Japan and the mainland US., even though other Pacific rim countries are increasing in 
importance and Canada sends a significant number of tourists to Hawaii every year as well. 
The increase in sales reflects both the anticipated increase in tourist numbers and the 
different spending patterns of Japanese and US. tourists. 
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In addition to these specific changes, the initial REMI forecast was further altered by the 
changes caused by the feedback loops in ENERGY 2020 which modify energy prices. 
Many energy policies simulated in the model resulted in relatively small changes to the 
baseline economic forecast. These differences were generally ignored. 

5.3. ECONOMIC FORECAST -- THE BASELINE ASSESSMENT 

5.3.1. Population 

OAHU 

Figure 5-5. Resident Population Forecast, 1995-2014 

Figure 5-5 shows the REMI baseline projection of resident population for the planning 
period. Statewide, resident population was expected to increase by nearly 27 percent from 
1.21 million in 1995 to 1.54 million in 2014. As shown in Figure 5-7, the growth rates in 
the individual counties showed a considerably merent  pattern from the aggregate growth 

Hawaii Energy Strategy 5-8 



rates. Oahu’s population was expected to grow only 21 percent over the planning period, 
from 893 thousand in 1995 to nearly 1.1 million by 2014, an annual average growth rate of 
about 1.0 percent. The annual growth rates varied with slow growth rates in the near 
future (around 0.5 percent), increasing to about 1.2 percent by 2000, and slowing to just 
under 1.0 percent around 2009. Maui county’s population growth was 31 percent during’ 
the same period while Kauai’s was 39 percent with respective annual average growth rates 
of 1.5 percent and 1.9 percent. Population growth in both counties was over 2 percent 
early in the planning period and dropped gradually to under 1 percent by the end of the 
planning period. The County of Hawaii’s population growth outstripped the other counties 
at 58 percent, an  annual average growth rate of 2.8 percent. Oahu’s share of the state 
population declined from 74 to 71 percent, while the Big Island increased its share to 
14 percent, up from 11 percent in 1994. 

Defacto population, the sum of resident population and visitor census, less residents 
temporarily absent, is shown in Figure 5-6 and, not surprisingly, mimics the pattern in 
Figure 5-5, Resident Population. Visitors were important on all the islands, but the impact 
varied by county. Oahu’s visitor census was roughly 10 percent of defacto population 
(actual range was 9.5 to 10.6 percent over the planning period); Kauai’s was approximately 
30 percent (27.9 to 31.8 percent). In between were the Big Island, with a visitor census 
that ranged from 14.6 percent to 21.5 percent over the planning period and Maui county, 
also with a visitor census that gained percentage over time (from 25.9 to 3 1.5 percent). In 
all counties, tourists became a larger component of defacto population over time. Defacto 
population grew consistently faster than resident population, particularly on the Big Island. 

OAHU 

0 4 : : : :  

Figure 5-6. Defacto Population Forecast, I995-2014 
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Table 5-1. Relative County Shares of Resident and Visitor Population 
(1994 and 2014) 

5.3.2. Gross Regional Product and Personal Income 

Real Gross Regional Product (GW) for the state grew 32 percent over the planning period, 
with most of the growth occurring during the first ten years. Growth rates were less than 
2 percent per year until 2002, then increased to slightly over 2 percent before falling to 
around 1 percent by 2006. Oahu’s GRP was ten times the GRP of Maui or the Big Island, 
and nearly twenty times Kauai’s GRP, and therefore dominated the state GRP. The state 
GRP growth rate was dampened by Oahu’s relatively slower GRP growth rate. Oahu’s 
real G W  grew only 27 percent over the planning period, an annual average rate of 1.4 
percent. The Big Island and Kauai exhibited the strongest growth, with real GRP 
increasing by 54 percent over the planning period. Maui’s real GRP growth was also 
strong, at 47 percent over the same period. 
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Figure 5-7. Gross Regional Product Forecast, 1995-2014 

Individual county growth patterns were similar to the state pattern, with strong growth in 
the early part of the planning period that slowly declined after the turn of the century. 
Figures 5-7 illustrates the growth in real GRP. 
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Table 5-2. Relative County Shares of Gross Regional Product 
(1994 and 2014) 

Figure 5-8 displays real disposable income per capita (real RDVcapita) for each of the four 
counties. Oahu’s real RDUcapita was the highest and grew the fastest over the planning 
period, from $13,890 in 1995 to $17,720 in 2014, a growth of nearly 28 percent, and an 
annual average growth rate of 1.4 percent, Most of the growth occurred in the first ten 
years of the forecast period, corresponding with the highest growth in Oahu’s GRP. 

Figure 5-8. Real Disposable Income Per Capita Forecast, 1995-2014 

Although Oahu’s GFU? growth rate was the lowest of the four counties, Oahu’s increase in 
population was also the smallest so the increase in income from an increase in GRP was 
spread over fewer people, indicating real productivity increases. The opposite was true for 
the island of Hawaii. Although it had the highest increase in GRP, it also had, by far, the 
highest increase in population. Therefore the increase in income did not raise the real 
DUcapita significantly. The increase over the planning period was only 4.6 percent (fi-om 
$11,840 to $12,380) and in some years, when population growth outstripped economic 
growth, the change was negative. Real DUcapita increased by 20.0 percent and 16.4 
percent in the counties of Maui and Kauai, respectively. 
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5.3.3. Selected Industry Outputs 

Tourism (and tourist-related services) is the single most important economic sector in 
Hawaii. Directly and indirectly tourism affects most of the economic sectors in the state, 
but the primary ones are retail establishments, hotels, and restaurants. Figures 5-9,5-10, 
and 5- 1 1 show retail, hotel, and restaurant expenditure forecasts for the planning period. 
Also important indicators of Hawaii's economic growth are government services, 
construction, and agriculture. 

5.3.3.1. EXPENDITURES 

All of the primary tourist-related industries increased steadily over the planning period. 
Retail expenditures, which are driven by both tourism and population, increased by 
61 percent from $3.2 to $5.1 billion. The largest increase was in Hawaii county, at nearly 
73 percent from $330 to $565 million, corresponding to that county's projected high 
population growth. The smallest increase, from $2.4 to $3.7 billion (a 59 percent 
increase), occurred on Oahu, again corresponding to the relatively slower population 
growth. Maui and Kauai counties had growth rates of 64 percent and 66 percent 
respectively. Maui's retail expenditures increased from $338 to $555 million; while 
Kauai's retail expenditures increased from $167 million in 1995 to $278 million. 

Figure 5-9. Retail Expenditures Forecast, 1995-2014 
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Figure 5-10. Hotel Expenditures Forecast, 1995-2014 
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Figure 5-11. Restaurant Expenditures Forecast, 1995-2014 
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As a percentage of total output, spending in the primary tourist-related industries -- hotels, 
retail, and restaurants -- remained relatively constant over time. Table 5-3 shows the 
contribution of these three industries to total output in each county. Statewide, both hotel 
and restaurant expenditures remained constant over the planning period, although there 
were small changes in some of the counties. Retail expenditures, which are a function both 
of tourism and resident population, increased. Statewide, these three industries comprised 
20.1 percent of total output in 1995 and 21.9 percent by 2014. Among the individual 
counties, Oahu was the least dependent on these sectors with output shares of 17.4 percent 
in 1995 and 18.4 percent in 2014, while Maui was the most dependent, with output shares 
of 34.2 percent in 1995 and 34.7 percent in 2014. Kauai had the greatest change over the 
twenty year planning period, with shares of 32.3 percent and 34.5 percent respectively. 
The decline in hotel dollars in the county of Hawaii's was offset by an increase in retail 
dollars (due to its large population increase), yielding shares of 29.1 percent in 1995 and 
29.4 percent in 2014. 

Table 5-3. Tourist-Related Industry Growth 

The percentage of expenditures in each industry in each county stayed relatively constant 
over time as well. Since there is no more than a 1 percent change over the planning period, 
only the 2014 percentages are shown in Table 5-4. 

Table 5-4: Relative County Shares of Selected Expenditures (2014) 

Food processing and construction are two other important industries in the Hawaiian 
economy. Although agricultural employment declined over the planning period, food 
industry expenditures increased in all counties (Figure 5- 12). The statewide increase was 
33 percent, from $1.1 billion in 1995 to $1.5 billion in 2014. Growth in the individual 
counties over the planning period was uneven, with the Big Island growing the most 
(43 percent) and Oahu the least (20.6 percent). Maui and Kauai experienced similar growth 
in food processing at 39 percent and 38 percent respectively. Oahu's s k  of the market 
declined from 53 percent to 50 percent over the planning period; Kauai's share remained 
constant at 9 percent, while the counties of Maui and Hawaii split the remainder. Table 5-5 
shows the change in market shares. 
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Figure 5-12 Food Processing Expenditures Forecast, I995-2014 
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Relative County Shares of Food Processing Expenditures Table 5-5. 
(I994 and 2014) 

As shown in Figure 5-13, construction expenditures were expected to grow 33 percent 
over the next twenty years, from $5.2 billion to nearly $7 billion. Kauai had the highest 
individual county construction growth at 46 percent @om $212 to $309 million). This was 
driven largely by the high construction growth over the next seven years necessitated by 
Hurricane Iniki. Oahu, with a 31 percent increase in construction expenditures, had the 
lowest growth, although construction expenditures on Oahu in 2014 were still nearly three 
times the expenditures of the other counties combined. 

1994 I 9% I 10x0 I T W O  I 490 
2014 10% 1C% 75% 590 

Table 5-6. Relative County Shares of Construction Expenditures 
(I994 and 2014) 
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Figure 5-13. Construction Expenditures Forecast, 1995-2014 

The Big Island’s construction e x p e n d i m  exceeded Maui county’s throughout the 
planning period and increased faster as well, rising 41 percent from $549 million in 1995 to 
$776 million in 2014. Since construction expenditma are in part a function of population, 
this increase is reasonable. Maui’s 1995 construction expenditures were $492 million, 
growing by 36 percent to $670 million in 2014. Table 5-6 shows the percentage of 
construction expenditures in each county. 

5.3.3.2. EMPLOYMENT 

Employment increased by 26 percent over the planning period, from 747,200 to 942,200 
jobs as shown in Figure 5-14. By far, Oahu had the largest share .of employment, nearly 
three times that of the other counties combined, totaling over 709,000 by 2014. Kauai, 
with the smallest number of jobs, had the greatest increase in employment over the 
planning period, from 33,000 in 1995 to nearly 46,000 in 2014, an increase of 38 percent. 
Not far behind was the county of Hawaii, with an increase of 36 percent. The Big Island‘s 
employment level was 71,000 in 1995 and rose steadily to 97,000 by 2014. Maui’s pattern 
was similar, with an increase from 69,000 to 91,OOO over the planning period, a growth 
rate of 31 percenli Oahu’s employment grew only 24 percent during the Same period. 

Statewide, the biggest increases in employment occufied during the first decade of the 
planning period. However, growth rates widely varied across counties. Due to this 
diEerence, Oahu’s share of total state employment dropped from 78 percent to 75 percent, 
with the three percentage points lost spread equally over the remaining counties. Table 5-7 
illustrates these share changes. 

~~ 
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Figure 5-14. Total Employment Forecast, 1995-2014 
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Table 5-7. Relative County Shares of Employment 
(1994 and 2014) 

5.3.4. Comparison with Other Forecasts 
Some of the economic variables forecasted by REMI were compared with utility 
projections. 

5.3.4.1. OAHU 

At the time of this assessment, HEcO's most recent forecast of economic and demographic 
variables was contained in their July 1994 pre- sales forecast HECO used 
population data, visitor arrivals, and other economic variables forecasted by their 
consultant, Tucson Economic Consulting (TEC), as inputs to its sales forecast 
Comparisons with REMI-generated variables are discussed below. 

As shown in Figure 5-15 and Table 5-8, the popdation forecasts by HECO and REM 
were very close. The overall average annual growth rates were only 0.01 percent apart 
although the pattern of growth differed somewhat with more growth occurring earlier in the 
HECO forecast HECO's population forecast was higher than REM's throughout the first 
half of the planning period; REMI'S forecast was higher in the second half. By 2014, the 
two forecasts converged to an insignificant diffeRnm. 
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Figure 5-15. Oahu Population and Growth Rates Forecast, 1995-2014 

HECO I 9R I 1078.3 I 11.12% 10.94YO I 1 .MY0 
REMI 971 5 1 078.7 10.46% 1 1.7246 1 .%Yo 

Table 5-8. Oahu Population 

Although REM initially forecasted higher personal income than HECO ($21.8 vs. 
$20.7 billion), HECO's faster growth rates during the second half of the planning period 
(2.71 percent average annual growth to REMI'S 2.49 percent) reduced the gap to 
$13 million by 2014. The personal income projections from both forecasts were within 
rounding error of each other: $32.3 billion. (See Table 5-9 and Figure 5-16.) 

Table 5-9. Oahu Real Personal Income and Growth Rates 

As depicted in Table 5-10 and Figure 5-17, even though both forecasts for both population 
and personal income were virtually identical by 2014, due to the different growth rates for 
each variable, personal income per capita varied between the two forecasts over the 
planning period. HECO's population growth rates were biggest during the first half of the 
planning period as were the growth rates for personal income. However, growth declined 
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significantly in relative terms for personal income (from 30 to 24 percent) while growth in 
population declined only a little (from 1 1.1 to 10.9 percent) during the second half. 
REh4I's growth rates showed even bigger deviations - growth io personal income dropped 
@om 33 to 18 percent between decades, while the growth in population increased from 
10.5 to 11.7. The result was a fairly wide variation in personal income per capita 
throughout the fxst half of the planning period with REMI's per capital personal income 
exceeding HECO's forecast. The gap began to narrow rapidly after 2005 as REMI'S 
higher population figures absorbed the increase in personal income. By 2012, the 
forecasted values were virtually the same and thereafter HECO's forecasted value was 
slightly higher than REMI'S. The fairly close average annual growth rates of 1.37 and 
1.1 1 percent respectively, reflected this outcome. 

HECO I 26'863 I 29941 I 169h I 1 1 . w o  I 1 . m o  

REMI 28,134 2957 1852% 5.13% 1.11% I 
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Figure 5-16. Oahu Personal Income and Growth Rates Forecast, 1995-2014 
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Figure 5-I7. Oahu Real Personal Income Per Capita and Growth Rates Forecast, 
1995-201 4 
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Figure 5-18. Oahu Visitor Census and Growth Rates Forecast, 1995-2014 
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HECO used a forecast of visitor arrivals, while REMIENERGY 2020 calculated a visitor 
census. A comparison of the two growth rates showed that while the basic growth pattern 
was the same for each forecast, =MI'S visitor census growth was consistently lower than 
HECO's visitor arrival growth rates. Growth rates for HECO's visitor arrival forecast 
began at about 5 percent and declined over the planning period to a little over 2 percent. 
REMI's forecast of growth in visitor census began at the same point as HECO's forecast 
but declined more rapidly to about 1.4 percent and remained at that point throughout most 
of the planning period. (See Figure 5-18) 

Therefore, while both forecasts predicted approximately the same growth in personal 
income over the period, the models differed in their prediction as to where this income was 
generated in the economy. This assumption was borne out when looking at the forecast for 
service employment over the planning period. HECO's growth rates were much higher 
than REM's: the average annual growth of HECO's service employment forecast was 
nearly twice that of REMI. Much of this difference occurred during the second half of the 
planning period when HECO's service employment growth rates were over three times that 
of REMrs. 

5.3.4.2. MAUI 
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Figure -5-19. Maui PopulQtion and Growth Rates Forecast, 1994-2014 

Data from Maui Electric Company's IRP dated December 15,1993, were compared with 
the REMI forecast; the comparisons are discussed below. As shown on Table 5-1 1 , 
MECO's and REMI's population forecast for the first ten years of the planning period were 
nearly identical with an expected population in 2004 of roughly 144,000 people. The 
forecasts diverged a bit thereafter, creating a spread of over 5,000 people by 2010 (the last 
year of MECO's forecast). MECO had the higher forecast, with an annual average growth 
rate of 2.11 percent compared with REMI's 1.78 percent. As shown in Figure 5-19, most 
of the difference in the forecast occurred after 2006. 
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t MECO I 143,708 I 159,474 I 24.32% I 1 0 9 w o  I 211% 
REMI 144,100 154,100 23.08% 6.94% 1.78% 

Table 5-11. Maui Population 

The forecasts of personal income were also very close as seen in Figure 5-20 and 
Table 5-12. MECO’s forecasted growth rate was higher, with an annual average growth 
rate of 3.15 percent compared with REMI’s 2.78 percent. In both forecasts, growth was 
strongest during the first half of the planning period, corresponding to the largest increase 
in population. 
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Figure 5-20. Maui Personal Income and Growth Rates Forecast, 1994-2014 

REMI I 2936 I 3325 I 33.6Q??o I 1324% I 278% 

Table 5-12. Maui Real Personal Income and Growth Rates 

The growth rates for personal income per capita were very similar as well. (See Table 5-13 
and Figure 5-21.) Because of higher initial values, REMI’s 2010 personal income per 
capita figure was $1500 more than MECO’s. But the growth rates throughout the planning 
period were close, culminating in an annual average growth rate of 0.76 percent in the 
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MECO forecast and 0.70 percent in the REMI forecast, Given the similarities in the 
population and personal income forecasts, this was not surprising. 

REMI I 21,159 I 22183 I 822% I 4.84% I 0.70% 

Table 5-13. Maui Real Personal Income Per Capita and Growth Rates 
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Figure 5-21. Maui Real Personal Income Per Capita and Growth Rates Forecast, 
1994-201 4 

The visitor census calculated by REMIENERGY 2020 yielded numbers that were again 
very close to those used by MECO. Most of the increase in visitors was forecasted to 
occur during the next ten years, with growth rates slowing by two thirds through the 
following decade. MECO’s forecast was slightly higher than REMI’S with an annual 
average growth rate of nearly 4 percent resulting in a visitor census of 69,169 in 2010. 
REMI’s forecast grew at 3.71 percent yielding a visitor census of 66,490 in 2010. (See 
Table 5- 14 and Figure 5-22.) 

Table 5-14. Maui Visitor Census and Growth Rates 
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Figure 5-22. Maui Visitor Census and Growth Rates Forecast, 1994-2014 

5.3.4.3. HAWAII COUNTY 
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Figure 5-23. Hawaii County Population and Growth Rates Forecast, 1994-2014 
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HELCO's population forecast for Hawaii County was the only one to differ significantly 
from the REM forecast. Nearly all the differences occurred during the second half of the 
planning period where 10 percent more growth in population was forecast by REMI. Since 
this discrepancy occurred rather late in the planning period (significant divergence only 
occurred after 2007) and because HELCO's population growth was a little higher during 
the first decade, the difference between the annual average growth rates was only one half 
percent. The bandwidth on population created by the different growth rates was 16,000 
people in 2013. (See Table 5-15 and Figure 5-23.) 

Table 5-15. Hawaii County Population 

The HELCO and REMI forecasts of real personal income showed some significant 
deviations as well as shown in Table 5-16 and Figure 5-24. REMI's population forecast 
was lower than HELCO's during the first decade of the planning period but REMI- 
forecasted personal income increased more than ELCO's  forecasted income during this 
time. The MMI projection of rising real wages and increased economic migration to the 
Big Island wodd cause this to occur. During the second half of the planning period, 
REMI-forecasted personal income continued to grow rapidly but population growth 
increased as well, indicating that the population increase was "MW rather than from 
economic migration. 
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Figure 5-24. Hawaii County Real Personal Income and Growth Rates Forecast, 
1994-2014 
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Table 5-16. Hawaii County Real Personal Income and Growth Rates 

Neither HELCO nor REMI forecasted any large change in personal income per capita over 
the planning period. (See Table 5-17 and Figure 5-25.) HELCO's forecast indicated a tiny 
rise while the REMI forecast predicted a small decline. HELCO predicted real personal 
income per capita will decline during the first half of the planning period as population 
outstrips economic growth; REMI forecasted the opposite. Again the direction of real wage 
changes and the relationship between economic and natural population increases played a 
role in these differences. 

Table 5-I7. Hawaii County Real Personal Income Per Capita and Growth Rates 

Growth Rate Dollars 

$1 9,000 7 10% . . . . . . . . . . . . . . . . . . . . . .  r----- 
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Figure 5-25. Hawaii County Real Personal Income Per Capita and Growth Rates 

Tourism growth rates were strong in both the HELCO and REMI simulations as depicted in 
Table 5-18 and Figue 5-26. More tourist growth was expected during the first half of the 
planning period when the increasing size of the tourist market (especially the Pacific 
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market) outstripped the counterbalancing influence of reduced market share fiom 
competition from newly-developed resort areas. If much of the increase in personal income 
comes from increased tourism as indicated by the tourism growth rates, the nearly flat 
projections of personal income per capita can be attributed in part to the lower wages of the 
labor intensive service industry. 

HELCO 38,000 58.61 4 76.94% 54.25% 7.99% 
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Figure 5-26. Hawaii County Visitor Census and Growth Rates 

5.3.4.4. KAUAI 

57,530 74.53% 52.93Yo 7.73% 

Kauai Electric’s forecast was described in their October 1993 El?. Kauai Electric 
forecasted electric sales with only three major input variables: population; visitor census; 
and a “pridincome ratio.” Table 5-19 and Figure 5-27 provide a comparison of the REMI 
population forecasts for K a ~ ,  the forecasts were close in most respects. Kauai’s 
population forecast exceeded REMI’s until 2000; thereafter, REMI’s forecast was slightly 
higher. Only four hundred people separated the forecasts in 2014; the average annual 
growth rates were within 0.07 percent of each other. 

4 
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Table 5-19. Kauai Population 
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Figure 5-27. Kauai Population and Growth Rates 

The pattern of growth in the visitor census was Visually identical in the two forecasts. 
Rapid growth (rebounding from Hurricane Iniki in 1992) declined quickly and leveled off 
around 2 to 3 percent per year. Growth rates were slightly higher in the Kauai Electric 
forecast resulting in a difference of 800 visitors by 2012 and a 0.2 percent difference in the 
average annual growth rates. The huge growth seen in the first ten years of the forecast 
was due largely to the recovery of the tourist industry from Hurricane Iniki. (See 
Table 5-20 and Figure 5-28.) 

REMI I 30,412 I 35,673 I 6 9 . W O  I 1271% I 5 . w o  

Table 5-20. Kauai Visitor Census and Growth Rates 
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Figure 5-28. Kauai Visitor Census and Growth Rates 
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CHAPTER 6 -- THE ENERGY FORECASTS: 
HAWAII’S ENERGY FUTURE UNDER CURRENT PLANS 

6.1. INTRODUCTION 

This chapter presents a baseline forecast of energy in Hawaii using the ENERGY 2020 
model. The forecast, Baseline 2020, used economic drivers from the Baseline 2020 
E M I  economic forecast described in Chapter 5; middle value energy prices from the 1994 
DOE/EIA energy price forecast; a “conventional,” properly timed, utility system generation 
portfolio consisting of oil- and coal-fired power plants corresponding to the plant types 
chosen by the utilities in their Integrated Resource Plans (IRPs); and the utility DSM 
portfolios from the utility IRPs. Also included in the forecast were a l l  known federal and 
state energy standards expected to be enforced during the twenty year planning period. 

To provide a context for and a contrast to Baseline 2020 simulation, two other simulations 
were provided for comparison: the Baseline w/o DSM and the Frozen Eficiency 
simulations. 

The Baseline w/o DSM was just that -- the Baseline 2020 simulation without the DSM 
programs. This m provided an indication of the effects of the DSM programs on energy 
sales, prices, utility generation building, and greenhouse gas emissions. 

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

Finally, this chapter also compared the three ENERGY 2020 cases -- Baseline 2020, 
Baseline w/o DSM, and Frozen Eflciency -- with the utility IFU?s. The utility case was 
designated Baseline ZRP. As discussed in Section 6.7, it was difficult to make a direct 
comparison in many cases because ENERGY 2020 and the utility models were of different 
types and based their forecasts on Merent assumptions. 

The cases evaluated the use of energy in the residential, commercial, industrial, and 
transportation use sectors. They are defined as follows: 

Residential Sector. This sector included all household energy use in single- 
family homes and multi-family homes such as duplexes, apartments, and 
condominiums. Both individually metered and master metered multi-family homes 
were included. Energy end-use categories included water heating, lighting, 
cooking, drying, refrigeration, air conditioning, and miscellaneous. 

Commercial Sector. The commercial sector included a variety of business 
facilities, including hotels and resorts, large and small offices, restaurants, 
hospitals, warehouses, schools, and others. Commercial energy end-uses included 
water heating, lighting, cooking, drying, refrigeration, air conditioninghentilation, 
and miscellaneous. 

, . . - - -  
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Industrial Sector. Industrial sector activities included oil refining, agriculture 
and irrigation pumping, food processing, and miscellaneous. End-uses were 
process heat, lighting, air conditioning, and motors. 

Transportation Sector. Air, marine, and ground transportation made up the 
transportation sector. End-uses such as residential highway use, public 
transportation, commercial hauling, and fleet vehicles were all included. 

In Chapter 8, Baseline 2020 was used as the base forecast for use in evaluating the results 
of applying policy measures in three scenarios designed to attain state energy objectives. 

6.2. THE STATEWIDE ENERGY FORECAST 

6.2.1. Introduction 

In this section, the four individual county models were summed together to produce the 
state forecast of the regulated electricity and utility gas energy sectors and the non-regulated 
transportation fuel, bottled gas, cogeneration and off-grid or self generation sectors for all 
three cases. 

6.2.2. Statewide Regulated Sectors 

Hawaii’s electricity sector includes four regulated investor-owned utilities -- each serving a 
separate county. The customer electricity demands the utilities serve vary greatly, ranging 
in size from the Hawaiian Electric Company’s (HECO) seventeen hundred megawatt 
system on Oahu to Kauai Electric’s (KE) hundred megawatt system. Maui Electric 
Company (MECO) and Hawaiian Electric Light Company (HELCO) are around 200 M W .  
Three fourths of the state’s regulated electrical generation capacity is on Oahu, owned by or 
providing electricity under contract to HECO, 

In the simulations that fQllow, the utility electric system in each county included not only 
the utility-owned generators which provide the bulk of the electricity produced in the state, 
but also independent power producers (IPPs) which sell firm power under contract to the 
utilities. These include H-POWER, AES Barbers Point, and Kalaeloa Partners on Oahu; 
Hilo Coast Processing Company (HCPC) on Hawaii; Hawaiian Commercial & Sugar 
Company on Maui; and Lihue Plantation on KauG. These JPPs are also cogenerators; the 
Oahu generators sell steam to the oil refineries which is used for process heat, and the 
sugar plantations produce steam by burning bagasse or fossil fuels for sugar processing 
and to generate electricity for their own needs. With the closure of HCPC’s sugar 
operations, the generator currently does not have a market for its process heat, although 
one is being sought. For more detail on Hawaii’s electricity system, see Section 4.2.4. 

There are many additional generators in the state which primarily meet the electricity needs 
of their owners. Some sell surplus power to the utilities as available, but are not part of 
firm capacity. Some are also cogenerators. In addition, wind and hydroelectric generators, 
whether owned by the utility or an IPP also provide electricity, but none are considered 
firm power sources at this time due to the intermittent nature of their power generation. 

The forecasts of future energy demand and requirements for future electricity generation 
building regarded each county’s system as including both utility owned or non-utility 
owned generators. Planned utility generator retirements and the end of purchase power 
agreements with IPPs were reflected in the model runs, but the ownership of new 
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generation projected by the model was not distinguished. The timing and capacity of 
retirements and additions needed for the system were reported. 

The regulated gas company, BHP Gas Company, delivers SNG and vaporized propane 
through its pipeline system to residents of the City and County of Honolulu (hereafter 
“Oahu”) and vaporized propane alone to the other counties. Most of BHP Gas Company’s 
customers reside on Oahu and are served by the SNG system. 

6.2.2.1. PEAK ELECTRICITY DEMAND 

In calculating peak electricity demand in the three ENERGY 2020 simulations, Baseline 
2020 considered each of the utilities’ planned DSM programs; but Baseline w/o DSM and 
Frozen Eficiency obviously did not. In Table 6-1, Baseline 2020 results showed that 
utility DSM programs significantly reduced peak electricity demand, resulting in a statewide 
savings of 245 M W  by 2014. Nevertheless, the 2014 Baseline 2020 peak demand of 2001 
M W  was approximately 370 MW greater than peak demand in 1994, an increase of 23 
percent. This contrasted favorably with a peak increase of 37 percent in the Baseline w/o 
DSM case. 

Table 6-I .  Total Statewide Electricity Peak Demand 

6.2.2.2. TOTAL SALES OF ELECTRICITY AND UTILITY GAS 

Total sales in Baseline 2020 increased almost 25 percent from 8982 GWh in 1994 to 
11,194 GWh in 2014 (see Table 6-2). In general, when the reduction in peak demand was 
significant, electricity prices usually fell because less generation construction was initiated. 
This can cause a price-induced increase in sales, known as a “snap back” effect. As was 
the case here, total sales reductionslagged a bit behind peak demand reductions. However, 
because the price differences were not large, the snap back effect was very small. 

** Reduction in sales over Frozen Efiimcy Case 

Table 6-2. Total Statewide Electricity Sales 

12,310 1.8% 

, I 14,300 28% 
* Reduction in sales over Basehe w/o DSM Case ** Reduction in sales over Frozen Efiimcy Case 

Utility gas sales rose slightly during planning period due to an increase in commercial 
sales. In Baseline 2020, residential sales fell from 8.36 to 2.85 million therms. This 
decline resulted from a combination of factors, primarily the limitations on residential 
access to utility gas since the pipeline system is unlikely to see significant expansion and 
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successful competition from subsidized solar water heating, displacing gas water heating 
which is the principal residential gas end use. Commercial sales grew from 26 million 
therms in 1994 to 39 million therms in 2014, more than offsetting declining residential 
sales. Growth in commercial demand came primarily from increases in the size of the total 
market. Table 6-3 presents a summary of both utility and bottled gas demand. Bottled gas 
demand is discussed in section 6.2.3.2. 

Baselinem0 212 632 1997 844 

Baseline w/o DSM 442 684 1997 1126 
Froren Efiiciencv e32 924 1Sm 1616 

Table 6-3. Baseline 2020 Utility and Bottled Gas Demand 

6.2.2.3. ELECTRICITY GENERATION NEEDS 

Table 6-4 shows that the differentials in peak demand and sales produced a corresponding 
difference in mource needs and timing between the three cases. The Baseline 2020 
simulation estimated that approximately 840 MW of new resources were needed beginning 
in 1997. The total need for new resources under the Baseline w/o DSM was about 1125 
MW with the f’irst coming on h e  in 1997. The Frozen Eflciency case requhd 1600 MW 
of new capacity. 

Table 6-4. Sfatewide Electricity Generation Building 

Additional gas utility resource needs were minimal. The existing SNG production and gas 
line capacities were adequate to serve the modest forecasted increase in utility gas demand. 

6.2.2.4. ELECTRICITY AND GAS PRICES 

Real prices fluctuated with building patterns, “spiking“ with new plant construction and 
dropping during periods of no construction as old plants depreciated, lowering fixed costs. 
The average real electricity price differences between the three ENERGY 2020 cases were 
negligible with real electricity prices rising from about 11 to about 14 1993 cents/kWh over 
the planning period. The Frozen EBciency and Baseline w/o DSM simulations maintained 
or increased sales over the first ten years and consequently had initially lower prices since 
existing fixed costs were spread out over more sales. Adding DSM initidly raised prices 
because of the cost of implementing the DSM programs and a small reduction in sales 
increased unit fixed costs but lowered them in the second decade as fewer new generation 
resources were required. Customers who took advantage of DSM programs would enjoy 
lower utility bills. 
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6.2.3. Statewide Non-Regulated Sectors 

The primary non-regulated energy sectors included transportation, bottled propane gas, and 
cogeneration. Of these, the transportation sector clearly dominated, accounting for roughly 
five-eighths of Hawaii’s total oil use in 1994, and it was the only sector where energy use 
was forecasted to increase significantly, primarily through an increase in the demand for jet 
fuel. All of the following analysis was based on the Baseline 2020 simulation, unless 
otherwise noted. 

6.2.3.1. TRANSPORTATION ENERGY REQUIREMENTS 

Transportation energy requirements showed relatively strong growth in the aviation and 
marine sectors, increasing significantly over the 20-year planning period. The increask in 
aviation energy requirements was caused principally by forecasted growth in tourism. 
Aviation fuel requirements were particularly significant as they were nearly five times 
marine requirements and twice all other transportation energy requirements combined. 
Baseline 2020 aviation fuel demand grew from 79 TBtu in 1994 to 141 TBtu by 2014. 
Marine fuel demand nearly doubled to 35 TBtu during the same period. Aviation and 
marine fuel requirements will not be covered on a county-by-county basis due to a lack of 
sufficient data to disaggregate statewide data Figure 6-1, below, and Table 6-5 on the next 
page illustrate the growth patterns. 

I 

Figure 6-1. Baseline 2020 Aviation and Marine Fuel Use, 1994-2014 

As shown in Table 6-6, Baseline 2020 ground transportation energy requirements remained 
fairly constant over the planning period despite significant population and economic 
growth. This was because technological improvements in vehicle efficiency were expected 
nearly offset the growth in the number of vehicles. Diesel use was actually forecasted to 
decline while gasoline sales were to remain roughly constant. 
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79.1 141 .O 78.3% 3.9% 

17.7 35.0 97.7% 4.9% 

Table 6-5. Baseline 2020 Aviation and Marine Transportation Energy Requirements 

1.11 0.9 182% 
53.41 5410 1 ..?FA 

Table 6-6. Baseline 2020 Ground Transportation Energy Requirements 

6.2.3-2. BOTTLED GAS 

As with utility gas, bottled gas use was forecasted to increase in the commercial sector and 
to decrease in the residential sector through the planning period. Bottled gas use among 
residential customers dropped from 0.57 to 0.42 TBtu. Commercial bottled gas use 
increased from 2.29 to 4.4 TBtu, more than offsetting declining residential use. The 
decline in residential use was in part to reduced water heating market share due to fuel 
switching to electric and solar water heating. The increase in commercial use was primarily 
due to growth in the size of the commercial market with bottled gas maintaining its market 
share in the new markets. See Table 6-3, in Section 6.2.2.2. above, for summary data on 
bottled gas demand. 

6.2.3.3, COGENERATION 

Although the three IPPs producing electricity under contract to HECO on Oahu were 
cogenerators that also produced process heat for the refineries, they were included in the 
utility electticity sections of this report. The cogeneration fuels modeled in Baseline 2020 
were the biomass, coal, and oil used by the sugar industry. As a result of the end of sugar 
operations on Hawaii and Oahu, cogenemtion from biomass declined from about 7.3 TBtu 
in 1994 to a low of 4.6 TBtu in 1997 and stabilized thereafter at about 4.8 TBtu. Coal- 
fired cogeneration at sugar mills followed a similar pattern, reduced by half between 1994 
and 1995 from 0.33 to 0.14 TBtu, and then a small increase was forecasted, stabilizing at 
0.19 TBtu for most of the planning period. Oil-fired cogeneration in the sugar industry 
declined over the entire period -- from 3.34 TBtu in 1994 to 1.4 TBtu in 2104. 

6.2.4. Total Energy Use and Emissions 

6.2.4.1. BASELINE 2020 PRIMARY ENERGY USE 

Forecasted primary energy use is shown on Table 6-7 and Figure 6-2. Primary energy use 
in- over the planning period in Baseline 2020 from approximately 280 to 375 TBtu 
with an increase in oil use producing most of the change. Renewable energy use hovered 
around 25 TBtu. Coal use increased significantly in absolute terms, from 13.5 to 23.5 
TBtu, but this was relatively small when compared to the increase in oil. The increase in 
oil use resulted primarily from increased transportation demand and the construction of oil 
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fired generation by the utilities to meet electricity needs. The increase in coal use came 
from additional planned coal generation on Oahu. 

Oil 240.0 325.0 86% ai% 
coal 13.5 235 5% 6% 

Renewables 25.3 265 % i% 

Total 278.8 3750 

Table 6-7. Baseline 2020 Primary Energy Use 
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Figure 6-2. Baseline 2020 Statewide Primary Energy Use, 1994-2014 

As shown in Figure 6-3 on the next page, renewable energy use changed little. Refuse, 
wind, and hydro remained constant over this period with only refuse, at 9.14 TBtu, a 
significant source of energy. Biomass declined fkom 15.2 to 12.8 TBtu corresponding to 
the decline in the sugar industry. Only solar and geothermal energy increased over the 
planning period. Solar energy use was 2.4 TBtu and geothermal 1.8 TBtu by 2014. 

6.2.4.2. EMISSIONS 

The emissions tracked through these simulations were the greenhouse gases: methane, 
nitrous oxide, and carbon dioxide. They were summed together as a simple single measure 
as shown in Figure 6-4. The level of emissions increased with sales and also varied by the 
plant type generating the power. Of interest was the jump in Baseline 2020 emissions in 
2008 as a result of a coal plant coming on line. Coal plants typically produce about 
20 percent more carbon dioxide than an equivalent oil-fired power plant. 
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Figure 6-3. Baseline 2020 Statewide Renewable Energy Use, 1994-2014 
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Figure 6-4. Greenhouse Gas Emissions, 1994-2014 
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6.3. THE OAHU ENERGY FORECAST 

6.3.1. Oahu Regulated Sectors 

The electricity sector simulated Oahu’s regulated utility -- the Hawaiian Electric Company, 
Inc. (HECO). HECO generates its own power and buys fm power from independent 
power producers (IPPs) -- A E S  Barbers Point, H-Power, and Kalaeloa Partners. It also 
buys power from Oahu sugar plantations, the Makani Uwila wind farm, the Kapaa methane 
generator, and the oil refinery cogenerators on an as available basis. 

The regulated gas company, BHP Gas Company, delivers SNG and vaporized propane 
through its pipeline system to residents in sections of Oahu. Its service temtory is limited 
and does not extend throughout the island. SNG delivery is confined to certain parts of 
Honolulu. Vaporized LPG is piped to other areas from large storage tanks for utility gas. 

6.3.1.1 ELECTRICITY PEAK DEMAND 
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3 
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-+-Frozen Efficiency r +Baseline 2020 w/o DSM 
- - - - - - - - - - - - - - - - - -__  

~~ 

Figure 6-5. Electiicity Peak Demand on Oahu, 1994-2014 

Table 6-8. Electricity Peak Demand on Oahu (MW) 
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The 2014 Baseline 2020 peak demand of 1402 MW was approximately 179 MW greater 
than peak demand in 1994, an increase of 15 percent. The Basehe  w/o DSM peak 
demand increased 30 percent. DSM programs reduced peak demand 187 MW by 2014. 
(See Figure 6-5 and Table 6-8.) 

6.3.1.2. TOTAL SALES OF ELECTRICITY AND UTILITY GAS 

The pattern revealed by peak demand growth was replicated for total sales. The total sales 
forecast in Baseline 2020 showed a 16 percent increase from 6794 GWh in 1994 to 7897 
GWh in 2014. Baseline w/o DSM sales increased 29 percent to 8785 GWh. Thus, utility 
DSM programs reduced the total sales growth rate from 29 to 16 percent over the planning 
period, a result similar to the reduction in peak demand. As already described in the 
statewide assessment, when the reduction in peak demand is significant, electricity prices 
usually fall because less utility generation construction is initiated. This can cause a price- 
induced increase in sales, a snap back effect. However, price differences were not large 
and the snap back effect was very small. Total electricity sales are depicted in Table 6-9 
and Figure 6-6. 

Figure 6-6. Total Oahu Electricity Sales, 1994-2014 
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Electricity maintained its large market share (85 percent in 1994 and 83 percent in 2014) in 
the residential sector over the planning period by replacing some of the energy saved 
through DSM programs with new sales from fuel switching and more intensive use. Both 
bottled and utility gas lost significant water heating market share, which was a major 
residential gas end use, to solar through fuel switching to solar water heating. 

Commercial electricity use lost market share, from 76 to 70 percent. This was due to DSM 
programs, particularly successful commercial lighting programs. Direct combustion of oil 
for water heating virtually vanished in the commercial sector and solar made some small 
headway. The relative combined bottled and utility gas market share increased from 24 to 
30 percent, primarily because electricity use declined. 

The industrial electricity market share increased from 17 to 43 percent over the planning 
period due to the elimination of biomass energy with the closure of Oahu’s sugar 
plantations. Oil, including cogeneration by the oil refineries, gained market share from 43 
to 57 percent. The bulk of the energy use in the industrial sector in 1994,39 percent, was 
biomass which was not used after 1996 and was not replaced with other energy sources. 
As a result, industrial energy use declined dramatically from 8.5 to 3.9 TBtu. 

Table 6-10 shows total Baseline 2020 utility gas sales. Sales increased over the planning 
period because of an increase in commercial sales from 24 to 36 million therms. 
Residential sales declined over the planning period from 7.5 to 2.3 million therms. The 
commercial sales increase was driven by the growth of the commercial sector. The decline 
in residential sales was primarily attributable to the utility sponsored high efficiency electric 
and solar water heating DSM programs displacing residential gas use. This was not 
compensated for by acquiring new residential customers because it was expected that utility 
gas pipelines were generally not provided for new residential subdivisions. 

Table 6-10. Baseline 2020 Utility and Bottled Gas Demand 

6.3.1.3. UTILITY RESOURCE NEEDS 

Oahu utility resource needs were based upon the projected retirements of existing capacity 
outlined in the utility IRPs and the growth in demand forecasted in ENERGY 2020. The 
HECO IRP called for 428 MW of Oahu’s old, oil-fired generation to be retked during the 
planning period. 

New generation requirements changed dramatically from Baseline 2020 to the Frozen 
Eflciency cases as shown in Table 6-1 1 and Figure 6-7. The Frozen Eflciency case 
required three times the new generation construction of Baseline 2020 over the twenty 
years. 
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Basdine w/o DSM 385 m 1399 634 2046 
Fmzen Efficiiency 535 979 1937 1086 2346 

Table 6-11. Electricity Generation Building on Oahu 
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Figure 6-7. Electricify Generation Building on Oahu, 1994-2014 
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Table 6-12. Oahu Baseline 2020 Generating Capacity Additions and Retirements, 
1995-2 01 4 
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Basdine 2020 electricity generating capacity on Oahu remained primarily oil-fired over the 
planning period. As shown in Table 6-13, total capacity grew slowly from 1697 MW to 
1794 MW. Oil generation capacity declined from 86 to 76 percent because a new coal plant 
replaced some of the oil-fired generation retired. The A E S  Barbers Point coal plant 
represented 11 percent of the utility generation capacity in 1994; coal‘s share rose to 
20 percent by 2014 with the addition of a new coal plant in 2008. Plants using renewable 
energy sources stayed constant over the planning period but because total capacity grew, 
renewable energy sources, primarily municipal solid waste and wind, represented a 
reduced share in 2014, down to 2.9 percent from 3.5 percent in 1994. As noted earlier, 
there was no electricity production from bagasse after 1996. 

. 

Table 6-13. Baseline 2020 Primary Electricity Generating Capacity on Oahu by Fuel 
TYP e 

The process of forecasting and the simulation of generation building provided a realistic 
view of how the Oahu utility electricity system might actually evolve over the next twenty 
years without taking action to meet state policy objectives. Taking into account the 
likelihood of forecasting error and the incremental nature of capacity additions, it was 
reasonable to expect that the system will rarely hit its reserve margin target for any length of 
time. Plants can be built in many sizes, but some economies of scale exist for all plant 
types, made certain sizes more cost-effective in the long run even with some initial capacity 
underuse. In the Baseline 2020 case, reserve margins varied from a low of 25 percent to a 
high of 38 percent since that actual capacity cannot be timed perfectly to match demand. 
The higher reserve margins were early in the planning period where excess capacity 
existed. The average reserve margin was 31 percent, consistent with HECO’s objectives. 

As already discussed, BHP Gas Company’s existing SNG production facilities and 
pipelines were adequate to serve the modest increase in forecasted utility gas demand. 

6.3.1.4. PRICES 

. .- 
9.6% 120% 112 127 1.5 
16.7% 6.5% 120 128 0.8 

Baseline w/o DSM 
Fmzen Eficimcy 

Table 6-14. Real Average Electricity Prices on Oahu 

Among the ENERGY 2020 simulations, the average real electricity price spread between 
the three cases was less than a penny. Real prices that rose to 12.7 to 13.2 cents/kWh. 
Prices fluctuated according to building patterns, rising when new generation came on line 
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and gradually falling as the capital stock was depreciated. These results are minimized in 
Table 6-14 and Figure 6-8. 

+Baseline 2020 w/o DSM 
2 - +Baseline 2020 

o t : : : : : : : : : : : : : : : : : : : 1  

Figure 6-8. Real Average Electricity Prices on Oahu, 1994-2014 

6.3.2. Oahu Non-Regulated Sectors 

The non-regulated energy sectors included transportation fuels, bottled propane gas, and 
cogeneration. The transportation fuel sector required, by far, the largest amount of oil of 
the three sectors. A third of the non-aviatiodmarine oil demand was used by ground 
transportation in 2014. This section will discuss ground transportation fuels only; marine 
and aviation are discussed only at the statewide level in this report due to the difficulty of 
accurately attributing use to each county. 

6.3.2.1. TRANSPORTATION ENERGY REQUIREMENTS 

The ground transportation fuels were diesel and gasoline as depicted on Figure 6-9 and 
Table 6-15. The use of both, especially gasoline use, was forecasted to decline steadily in 
Baseline 2020 from almost 35 TBtu in 1994 to about 32.5 TBtu in 2014, a drop of 7 
percent. Diesel use fell more dramatically from 0.9 to 0.6 TBtu, losing a third of its market 
share during the same period. This difference was accounted for by examining the relative 
effects of population increases, economic growth, price induced efficiency increases, and 
technology improvements. Improvements in vehicle energy efficiency were expected over 
the planning period. In addition, because of higher fuel prices, these more efficient 
technologies were expected to be purchased by consumers. The technology improvements 
and price induced efficiency hcreases fully offset the potential growth in gasoline and 
diesel use resulting from in- in population and economic activity on Oahu. 
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Figure 6-9. Baseline 2020 Ground Transportation Fuel Use on Oahu, 1994-2014 

i 322 -72% < -0.196 

I 36.6 32.8 -7.910 e -0.1qa 

Gasdine 34.7 
0.9 0.6 33.3% -1.7% 

Table 6-15. Baseline 2020 Ground Transportation Energy Requirements on Oahu 

6.3.2.2. BOTTLED GAS 

As with utility gas, bottled gas use increased in commercial sector and decreased in the 
residential sector. Bottled gas use among residential customers dropped by half over the 
planning period fiom 0.17 to 0.09 TBtu. Commercial bottled gas use increased by 
50 percent, from 2.4 to 3.6 TBtu, over the same period, more than offsetting the decline in 
residential use. The decline in residential use was attributed to a decline in market share 
from fuel switching to subsidized electric and solar water heating; the increase in 
commercial use was explained by growth in the size of the commercial market and 
maintaining market share. See Table 6-10 in Section 6-3-12. 

6.3.2.3. COGENERATION 

Cogeneration fuel use modeled in Baseline 2020 included biomass, coal, and oil. Sugar 
industry cogeneration on Oahu ended early in the planning period due to the closing of the 
Oahu Sugar Company in 1995 and Wailua Sugar in 1996. Biomass declined from about 
0.6 TBtu in 1994 to zero; oil-fired cogeneration fell from 0.2 TBtu in 1994 to zero. As 
already discussed, ENERGY 2020 distinguished between cogeneration and independent 
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power production despite the fact that PPs sell process heat in addition to electricitv. The 
generation and capaci& of Oahu’s PPs were cgmidered part of the electric system’s 
energy supply and were simulated in the utility supply sector. 

6.3.3. Total Energy Use and Emissions 
6.3.3.1. BASELINE 2020 PRIMARY ENERGY USE 

Figure 6-10. Baseline 2020 Primary Energy Use on Oahu, 1994-2014 

Figure 6-10 and Table 6-16 show how Baseline 2020 primary energy use increased from 
approximately 220 to 304 TBtu with increased oil use accounting for most of the change. 
Renewable energy use declined sharply between 1994 and 1997 due to the end of biomass 
cogeneration by the sugar industry. Energy from municipal solid waste stayed constant at 
about 9 TBtu throughout the planning period and coal use increased significantly from 13 
to 23 TBtu with the addition of a second plant in 2008. This was relatively small when 
compared to the increase in oil use from 195 to 270 TBtu which resulted primarily from 
increased air transportation demand and the construction of oil-fied generation to meet 
electricity needs. Oahu’s Baseline 2020 energy use configuration over the next twenty 
years retained the historical pattern of nearly complete oil dependency. 

Among the three cases simulated, only oil use and solar changed from Baseline 2020 
demand levels. The increases in total energy use were generally met with increases in oil 
use; in the Frozen Eflciency case which used the most energy of all, a 1.7 TBtu increase in 
solar energy occurred as well. In Baseline 2020, where solar water heating was 
subsidized, a 1.2 TBtu increase in solar energy occurred. 
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Renewable8 126 10.7 5.7% 3.5% 

Total 223.5 3w.5 

As shown in Figure 6-11 and Table 6-17, renewable energy use changed little over the 
planning period. Municipal solid waste and wind power remained constant with only 
MSW, at 9.14 TBtu, a significant source of energy. Biomass declined from 15.2 to zero 
TBtu due to the end of sugar production. Only solar energy gained ground, rising from 
0.38 TBtu in 1994 to 1.59 TBtu by 2014, largely due to increases in solar water heating. 

l2k 11 

10 s 

E g  

8 

7 

6 

Figure 6-11. Baseline 2020 Renewable Energy Use on Oahu, 1994-2014 

I 

3.13 0.00 25% ODh 

0 3  1.59 3% 15% 
I 0.05 I 0.05 I 4 %  I 4 %  II 

Table 6-17. Baseline 2020 Renewable Energy Use on Oahu 
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4 Frozen Efficiency 

Figure 6-12. Greenhouse Gas Emissions on Oahu, 1994-2014 

6.3.3.2. EMISSIONS 

Table 6-17 and Figure 6-12 show that, in each of the three cases, the greenhouse gases 
modeled in ENERGY 2020 - methane, nitrous oxide, and carbon dioxide -- were emitted 
in approximately same proportions. As expected, since most of the energy generated in the 
Baseline 2020 case came from fossil fuel, when more energy was used, more greenhouse 
gas emissions were generated. Therefore, Baseline 2020 generated the fewest emissions 
and the Frozen Efictciency case the most. Additional pollutants, such as SO,, NO,, and 
CO, were not modeled in this iteration of the model. They may be included in future 
versions planned for work on a Greenhouse Gas Inventory for Hawaii under an EPA 
grant. 

6.4. THE MAUl COUNTY ENERGY FORECAST 

6.4.1. Maui County Results for Regulated Sectors 
The electricity sector of ENERGY 2020 simulated the regulated utility in Maui County - 
the Maui Electric Co. (MECO). MECO generates its own power and, on Maui, buys 
power from sugar plantation cogenerators which use bagasse, oil, or coal. MECO serves 
the islands of Maui, Molokai, and Lanai. Since the islands are not interconnected by 
transmission Lines, Molokai and Lanai each have their on generation facilities distinct from 
Maui's system. These two islands each represents about 5 percent of MECO's overall 
capacity. Although the-thx!e islands have separate electricity systems, it was necessary to 
aggregate them for the simulations. Resources were not available to independently model 
each island's system as would be necessary to achieve greater accuracy. Generally, the 
island of Maui's system, since it dominates, yill be most accurately modeled. 
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The regulated gas company, BHP Gas Company, delivers vaporized propane through its 
pipeline system to residents in some parts of Maui. Molokai also has limited utility gas, but 
Lanai is not served by utility gas. 

1' 

6.4.1.1. ELECTRICITY PEAK DEMAND 

As shown in Table 6-18 and Figure 6-13, the 2014 Baseline 2020 peak demand of 220 
MW was 49 MW greater than peak demand in 1994, an increase of 29 percent over the 
planning period. The utility-sponsored DSM programs in ENERGY 2020 reduced peak 
demand 28 MW by 2014. The Baseline w/u DSM case forecasted an electricity peak 
demand increase of 45 percent to 248 MW. Comparing the Baseline w/u DSM and Frozen 
Eficiency cases highlighted the effects of naturally occurring conservation and 
technological improvements. There was a reduction in peak demand of 50 MW by 2014 
from the Frozen Efficiency level of 297 MW. Note that these peak demands represent the 
sum of the peak demands for the separate systems on Maui, Molokai, and Lanai. 

Table 6-18. Electricity Peak Demand in Maui County 

................................ 

*Baseline 2020 w/o DSM . . . . . . . . . . . . . . . . . . . .  

Figure 6-13. Electricity Peak Demand in Maui County, 1994-2014 
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6.4.1.2. SALES OF ELECTRICITY AND UTILITY GAS 

 baseline^ 
Baseline IRP 
Baseline w/o DSM 

.......................... 

*Baseline 2020 w/o DSM 

15.9% 121% 1384’ 941 1243 

19.3% 14.6% 978 1358 

24.wo 14.&?/0 2700 * 941 1363 

Figure 6-14. Electricity Sales in Maui County, 1994-2014 

Sales growth was a little more rapid than peak demand growth during the planning period 
for Baseline 2020. However, as on Oahu, by 2014, air conditioning load became the 
single largest end use in Maui County, indicating that peak-reducing strategies focused on 
that end-use will be more important in the future. 

The importance of DSM can be seen when comparing the growth rates between Baseline 
2020 and Baseline w/o DSM during the first ten years of the planning period in Table 6-19 
and Figure 6-14. In general, sales growth was attributable to increasing population, higher 
economic growth, and increasing saturations in such end uses as cooking, drying, and 
miscellaneous. These forces were significantly dampened by utility DSM programs begun 
during the first decade. 

IlFrozen Efficiency I 40.1% I 20.5% I I 941 1 1 € a  II 
~~~ ~ ~~ 

* Reduction in sales over Baseline w/o DSM Case 
** Reduction in sales over Fmm Efficiency Case 

Table 6-19. Total Electricity Sales in Maui County 
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Utility gas sales simulated in Baseline 2020 rose slightly, from 0.80 to 0.85 million therms 
due to increased commercial sales (See Table 6-20). Residential sales fell from 0.1 1 to 
0.03 million therms. This was primarily due to lack of access to utility gas lines in new 
residential areas and successful competition from utility DSM subsidized solar water 
heating. 

, 

Utility Gas-ksidential 0.01 .01 
Battled Gas--Residential 0.1 1 0.05 59.946 5.090 
Utiiity Gas-Commercial 0.07 0.08 143% 0.7% 
Bottled Gas--Commercial 0.69 1 .08 56.5% 28% 

Table 6-20. Baseline 2020 Utility and Bottled Gas Demand in Maui County 

6.4.1.3. UTILITY RESOURCE NEEDS 

Figure 6-15. Electric Utility Capacity in Maui County, 1994-2014 

New generation requirements differed dramatically between Baseline 2020 to the Frozen 
E#ciency cases as shown in Table 6-21 and Figure 6-15. The Frozen E#ciency case 
required 50 percent more construction over the twenty year planning period. Usually, 
higher building requirements mean higher electricity prices. However, with the Frozen 
Eflciency case, the higher sales more fully used the existing and new capacity, keeping 
prices lower as fixed costs per kwh decline. The total generating capacity was determined 
by both retirements and additions to capacity. All retirements were oil-fueled generators 
with most scheduled for the second half of the planning period. Baseline 2020 used the 
plant types chosen for future genemtion capacity by MECO in its IEU? - all oil. Table 6-22 
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shows Baseline 2020 capacity additions and retirements. The chart includes units on Maui, 
Molokai, and Lanai. 

Baseline wfo DSM 
Frozen Efficiency 

100 100 1996 102 303 

123 122 1996 142 343 

Table 6-21. Electric Utility Building in Maui County 

Oil - 160 193 248 92.3% 93.9% 
Renewables and Multi-fuel 16 16 7.7% 6.1% 

Total -- 160 209 264 - 

Table 6-22. Baseline 2020 Generating Capacity Additions and Retirements in Maui 
County, 1995-2 01 4 

As shown in Table 6-23, total electrical generation capacity grew slowly over the planning 
period from 209 M W  to 264 MW. AJl of the new generation was oil. 

Maui Baseline 2020 reserve margins varied from 18 percent to 27 percent. The “high” 
yearly reserve margins typically occurred after a plant addition and the “low” margins 
occurred after a rehment.  The average reserve margin in Baseline 2020 was 22 percent 

Additional gas utility resource needs were minimal. The existing line capacity was 
adequate to serve the modest increase in utility gas demand over the planning period. 

Hawaii Energy Strategy 6-22 



6.4.1.5. 

... . 
1 

O.35 I Baseline w/o DSM 8.1% 1.8% 13.81 14.16 

Frozen Efficiency lO.Od/o -0.6% 14.04 14.00 4.04 

PRICES 

The average real electricity price spread between the three cases was less than a penny as 
illustrated by Figure 6-16 and Table 6-24. From a real price (in 1993 dollars) of 12.8 
cents/kWh in 1994, prices rose in Baseline 2020 to 14.6 cents/kWh over the planning 
period. The Baseline w/o DSM case had a 2014 average real price of 14.2 cents/kWh, and 
the Frozen Eficiency price was 14.0 cents/kWh. The timing of resources, different fuel 
costs, different capital costs and expected sales all played a role in this difference. 

Figure 6-16. Real Average Electricity Prices in Maui County, 1994-2014 

Table 6-24. Real Average Electricity Prices in Maui County 

The most important point to note about the electricity prices is that they did not change 
much between the different ENERGY 2020 simulated cases; the= was only a penny spread 
between them by 2014. As with the rest of the state, the small size, short lead time plant 
types constructed in Maui County were flexible and minimi;res the risk of overbuilding. 
This allowed full use of the plant to occur quickly, minimizing the effects of capital costs 
on rates. 
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6.4.2. Maui County Results for the Non-Regulated Sectors 

The transportation fuel sector requited, by far, the largest amount of oil of the three sectors. 
A third of the total non-aviatiodmarine oil demand was used for ground transportation 
vehicles in the form of gasoline and diesel fuel. 

6.4.2.1. TRANSPORTATION ENERGY REQUIREMENTS 

6.6 

6.5 

6.4 

3 6.3 

5 6.2 
6.1 

6 

5.9 

5.8 

* 

Figure 6-17. Baseline 2020 Ground Transportation Fuel Use in Maui County, 
1994-2014 

Gasoline use in Maui County increased slowly over the planning period in the Baseline 
2020 simulation from 6.1 TBtu in 1994 to about 6.5 TBtu in 2014, a rise of 6.6 percent. 
Diesel use stayed constant over the same period at about 0.1 TBtu. The population 
increases and economic growth expected in Maui County would usually generate increases 
in gasoline and diesel use. However, the effects of price induced efficiency increases and 
technology improvements offset much of the growth in gasoline demand and fully offset 
any growth in diesel demand (see Figure 6-17 and Table 6-25). Marine and aviation fuel 
were considered only on a statewide basis and separate figures for Maui County were not 
derived (see Section 6.2.3.1.). 

6.13 655 6.Wo ow0 
0.1 1 0.1 1 

Total 624 6.66 6.no 0.3% 

Table 6-25. Baseline 2020 Ground Transportation Energy Requirements in Maui 
County 
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6.4.2.2. BOTTLED GAS 

Bottled gas exhibited the same pattern as utility gas. Residential sales dropped from 0.1 1 
to 0.05 TBtu by 2014. Because access to a pipeline was not necessary with bottled gas, ! the drop was less precipitous than the utility gas decline. Commercial sales increased from 
0.69 to 1.05 TBtu, again corresponding to economic growth in this sector. Over the 
planning period, utility and bottled gas sales increased from a little over 0.85 to 1.20 TBtu. 
Table 6-20 illustrates this trend in Section 6.4.1.2 

6.4.2.3. COGENERATION 

Cogenerators used biomass and oil in Maui's BaseZine 2020 case. Both biomass and oil- 
fired cogeneration declined slightly over the planning period because of changing 
economics and increasing efficiencies. At this writing, however, no major closure of 
cogenerating sugar operations on Maui have been announced, so their biomass, oil, and 
coal generation was expected to continue with a slight decline. Biomass declined from 
about 1.11 TBtu in 1994 to 0.95 TBtu by 2014; oil-fired cogeneration followed a similar 
pattern with 0.13 TBtu in 1994 to 0.11 TBtu by 2014. Coal use in cogeneration has been 
highly variable on Maui. -None was used in 1994, and an estimate was not made for future 
coal use as a substitute for oil or bagasse in the Hawaiian Commercial and Sugar (HC&S) 
facility in the ENERGY 2020 simulation. 

6.4.3. Total Energy Use and Emissions 

6.4.3.1. BASELINE 2020 PRIMARY ENERGY USE 

I (Sugar industry generation prima& uses kasse.  I 

- .  . . . . . . . . . . . . s = .-~-.- ..-- 

Figure 6-18. Baseline 2020 Primary Energy Use in Maui County, 1994-2024 

Figure 6-18 and Table 6-26 show how total energy use in a l l  sectors increased in Baseline 
2020 from approximately 23.3 to 27.5 TBtu with an increase in oil use accounting for most 

-~ - 
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of the change. Renewable energy use rose due to an increase in biomass and solar energy. 
Biomass energy use increased from 4.9 to 6.7 TBtu. Solar energy use nearly tripled from 
0.12 to 0.34 TBtu In the three cases simulated, the increase in oil use resulted primarily 
from increased transportation demand and the construction of oil-fired electricity 
generation. 

* Hawaiian Commercial & Sugar Company's Puunene Mill provides 16 h4W from a boiler which uses bagasse, oil, or coal. Future 
fuel use depends upon relative fuel prices. Some oil andlor coal may be used in the future. 

Table 6-26. Baseline 2020 Primary Energy Use in Maui County 

Multi-fuel 
(Prharily bagasse used for generation 

by sugar plantations, but may 
include oil and coal) 

Figure 6-I9. Baseline 2020 Renewable Energy Use in Maui County, 1994-2014 

As shown in Figure 6-19 and Table 6-27, renewable energy use changed little over the 
planning period. Only biomass and solar energy are used now and biomass was the only 
significant source of renewable energy over the planning period. Solar energy use tripled 
but remained relatively small, rising from only 0.1 to 0.3 percent. 
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Table 6-27. Baseline 2020 Renewable Energy Use in Maui County 

6.4.3.2. EMISSIONS 

m 
C 
2 

,350,000 

,300,000 

,250,000 

,200,000 

I I 

1,000.000 4 : : : : : : : : : : : : : : ! ! ! ! I I 

Figure 6-20. Baseline 2020 Greenhouse Gas Emissions in Maui County, 1994-2014 

The greenhouse gas emissions tracked in all four county simulations were methane, nitrous 
oxide, and carbon dioxide. The amounts of these emissions were summed together to 
provide a simple single measure. The level of emissions increased with energy sales and 
also varied by generation type used. Figure 6-20 shows the increasing amounts of these 
emissions for each of the cases. As expected, the greatest increases occurred in those cases 
with the highest electricity sales. 
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6.5. THE HAWAII COUNTY ENERGY FORECAST 

6.5.1. Baseline Hawaii County Simulation Results for the 
Regulated Sectors - Electricity and Utility Gas 

6.5.1.1. ELECTRICITY PEAK DEMAND 

The Baseline 2020 peak demand of 185 MW in 2014 was approximately 28 MW greater 
than peak demand in 1994, an increase of 18 percent. This compared favorably with a 
peak demand increase of 32 percent in Baseline w/o DSM. Utility-sponsored DSM 
programs simulated in Baseline 2020 reduced peak demand 24 MW by 2014. The effects 
of naturally occurring conservation and technological improvements over the planning 
period resulted in a reduction in peak demand of 55 MW by 2014 as highlighted by 
comparing the Baseline w/o DSM with the Frozen Eflciency case (see Figure 6-21 and 
Table 6-28). 

4 B a s e l i n e  2020 

*Baseline 2020 w/o DSM 
+Frozen Efficiency 

. . . . . . . . . . . . . . . . . . . . .  

Figure 6-21. Electricity Peak Demand on Hawaii, 1994-2014 

6.5.1.2. SALES OF ELECTRICITY AND UTILITY GAS 

The pattern revealed by peak demand growth in Table 6-29 and Figure 6-22 was replicated 
for total sales as on the other islands. Total sales in Baseline 2020 increased over 25 
percent from 817 GWh in 1994 to 1022 GWh in 2014. Baseline w/o DSM sales increased 
35 percent to 1106 GWh. Utility DSM programs reduced the total sales growth rate from 
35 percent to 25 percent, with most of the savings in the f is t  decade. 
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BaS&ine2MO 32% 1 1 .wo 0.8% 158 185 
Baseline w/o DSU 126% 155% 1.6% 158 233 24 

Fmzen Efficiency 25.p/o 19.0%. 2wo 158 240 36 

Table 6-28. Electricity Peak Demand on Hawaii 

Baseline2020 7.4% 14.6% 893. 817 1022 1 2 x 0  

Baseline w/o DSM 14.0% 16.6% 1610 t. 817 1106 1.8% 
Fmm Efficiency 2 5 Z O  19.6% 817 1244 2wo 

Figure 6-22. TofaZ Electricity Sales on Hawaii, 1994-2014 
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Commercial electricity use lost market share from 71 to 67 percent over the planning 
period. This was due DSM programs, particularly successful commercial lighting 
programs. Oil kept its small 0.5 percent share of the direct commercial use market and 
solar energy made a tiny inroad. The bottled and utility gas market share increased from 28 
to 3 1 percent, primarily because electricity use declined. 

Industrial electricity market share more than doubled in Baseline 2020 fiom 5 to 13 percent 
primarily due to growth in the motors end use. Oil gained market share from 20 to 72 
percent because of the end of the use of bagasse in industrial boilers with the closure of the 
sugar industry. Coal's market share increased a little, from 11 to 15 percent, because the 
other markets decreased. 

As shown in Table 6-30, Baseline 2020 utility gas sales fell slightly during planning period 
due to a decrease in residential sales. Residential sales fell from 0.65 to 0.41 million 
therms. This decline resulted primarily from the limitations on residential access to utility 
gas lines which reduced new installations of gas service and competition from utility DSM 
subsidized heat pump and solar water heating. Water heating was the principal residential 
gas end use, so these measures reduced the existing market. Commercial sales stayed 
nearly constant, growing slightly fiom 1.74 million therms in 1994 to 1.76 million therms 
in 2014. 

Table 6-30. Baseline 2020 Utility and Bottled Gas Demand on Hawaii 

6.5.1.3. UTILITY RESOURCE NEEDS 

The differences in peak demand and sales forecasts between the Baseline 2020 and 
Baseline w/o DSM cases produced corresponding differences in resource needs and timing. 
Under Baseline 2020, approximately 100 MW of new generation were needed by 2014 
with the first mource additions in 1997. The need for new resources under Baseline w/o 
DSM was about 120 MW with the first additions also in 1997. The Frozen Eficiency case 
required an additional 40 MW capacity above Baseline 2020 requirements over the planning 
period. (See Table 6-31 and Figure 6-23.) 

Table 6-31. Electricity Utility Building on Hawaii 
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Multi-fuel (Bagasse, coal, oil) 
Total - I00 
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158 193 73540  81 970 

33 25 18.lYo 10540 
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- Figure 6-23. Electricity Capacity on Hawaii, 1994-2014 

All retirements were either oil-fired steam or internal combustion units with most in the first 
decade. Baseline 2020 used the same fossil fuel plant types chosen by HELCO in its E@. 
Table 6-32 illustrates Baseline 2020 capacity additions and retirements. 

I I 

Table 6-32. Baseline 2020 Capacity Additions and Retirements on Hawaii, 1995-2014 
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Table 6-33 shows that Baseline 2020 Hawaii electricity generating capacity remained 
primarily oil-fired over the planning period. Oil plants increased from 73 to 81 percent of 
this capacity as renewable energy sources declined from 27 to 18 percent by 2014. In the 
Hawaii Baseline 2020, reserve margins varied from a low of 18 percent to a high of 36 
percent. The average reserve margin in the Baseline 2020 case was 25 percent, 

Since utility gas sales did not increase over the planning period, only minimal resources 
were needed. The existing line capacity was adequate to serve projected demand. 

PRICES 

Real electricity prices fluctuated with building patterns in Figure 6-24 and Table 6-34, 
“spiking” with new plant construction and dropping during periods of no construction as 
old plants depreciated, lowering fured costs. Prices were also affected by sales: the more 
sales, the fewer fixed costs needed to be recouped from each unit, Each simulation 
produced a different level of building and sales but the average real electricity price spread 
between the three cases was less than a cent. Real prices rose from 14.2 to around 19 
cents/kWh (1993 dollars). 

14 

Figure 6-24. Real Average Electricity Prices on Hawaii, 
1994-2014 

The timing of resources, different fuel costs, different capital costs, and, most importantly, 
expected sales all played a role in this difference. Electricity prices were an important 
indicator of utility system performance. Most of the electricity price differences between 
the cases were the result of differences in the number and timing of new generation 
capacity. The price effects of DSM in Hawaii were different than on the other islands. At 
the end of the first decade, the Baseline 2020 price was second highest, behind the Baseline 
w/o DSM price. DSM cut utility sales during the first half of the planning period when 
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relatively little building was planned. As a result, fixed costs were spread over smaller 
sales and electricity prices were higher than without DSM. 

BaSeJineZOZO 
Baseline w/o DSM - 
Frozen Efficiency 

233% 42% 17.5 18.6 1.1 

.21P% 9.4% 17.3 18.8 1.5 

302% 4.s% 18.4 195 1.1 

6.5.2. Hawaii County Results for the Non-Regulated Sectors 

The primary non-Egulated energy sectors include ground transportation fuels, bottled 
propane gas, and cogeneration. The transportation fuel sector requkd, by far, the largest 
amount of oil of the three sectors. Over a third of the oil demand came from this sector in 
1994 and the share increased to about 40 percent by 2014. Bottled gas was used by 
residential and commercial customers and cogenerators used oil, biomass, and coal as fuel 
sources. Air and marine transportation fuel use were modeled only at the statewide level. 

6.5.2.1. TRANSPORTATION ENERGY REQUIREMENTS 

Figure 6-25. Baseline 2020 Ground Transportation Fuel Use on Hawaii, 
1994-2014 

As shown in Figure 6-25 and Table 6-35, Baseline 2020 ground transportation energy 
requirements increased only 9.6 percent over the planning period despite significant 
economic growth and population increase on Hawaii. Technological improvements in 
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vehicle efficiency were expected to partially offset the growth in the number of vehicles. 
Diesel use increased by 22 percent but remained only 1.3 percent of ground transportation 
demand. Gasoline sales increased at a rate of only 0.5 percent per year. 

Table 6-35. Baseline 2020 Ground Transportation Energy Requirements on Hawaii 

6.5.2.2. BOTTLED GAS 

Bottled gas exhibited the same pattern as utility gas but in a more extreme fashion. 
Residential sales dropped from 0.19 to 0.14 TBtu by 2014, a drop of 26 percent. Because 
access to gas lines was not an issue with bottled gas, the drop was less precipitous than the 
utility gas decline. Commercial sales increased from 0.28 to 0.44 TBtu, again 
conresponding to economic growth in this sector. Over the planning period, both utility 
and bottled gas sales increased from 0.7 to 0.8 TBtu, because of the increase in commercial 
bottled gas. Table 6-30 illustrates this trend in Section 6.5.1.2. 

6.5.2.3. COGENERATION 

The fuels used for cogeneration were biomass, coal, and oil in the Baseline 2020 case. AU 
cogeneration on Hawaii rapidly declined by about one half early in the planning period, due 
to the shrinking sugar industry. Biomass accounted for about 0.87 TBtu in 1994, the final 
year of sugar operations which sold electricity to the utility on the Big Island. Oil-fired 
cogeneration declined 0.12 TBtu in 1994 to 0.06 TBtu and coal use declined from 0.15 to 
0.07 TBtu. 

6.5.3. Total Energy Use and Emissions 

6.5.3.1. BASELINE 2020 PRIMARY ENERGY USE 

Baseline 2020 primary energy use decreased over the planning period from approximately 
24.8.TBtu in 1994 to 23.7 TBtu in 2014. An increase in oil use offset but did not overtake 
declines in biomass and coal use. The increase in oil use came from greater transportation 
and electric utility demand. The decrease in biomass and coal use was a result of the 
closure of sugar operations on Hawaii. Hawaii had significant geothermal energy which 
remained constant over the planning period. Wind and hydro power also provided very 
small quantities of energy. Solar energy use was tiny but its market share increased from 
0.05 to 0.19 percent. Table 6-36 and Figure 6-26 detail Baseline 2020 primary energy use. 

Table 6-36. Baseline 2020 Primary Energy Use on Hawaii 
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Figure 6-26. Baseline 2020 Primary Energy Use on Hawaii, 1994-2014 

Figure 6-27. Baseline 2020 Renewable Energy Use on Hawaii, 2994-2014 

As shown in Figure 6-27, biomass use ended in 1994 with the closure of Hamakua Sugar 
and Hilo Coast Processing Company. Hilo Coast's generator continued in operation, 
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however, burning oil and/or coal. Only geothermal, at 1.76 TBtu, remained a significant 
source of energy. Solar energy gained some ground, rising from 0.05 to 0.19 TBtu. 

Table 6-37. Baseline 2020 Renewable Energy Use on Hawaii 

6.5.3.2. EMISSIONS 

Three greenhouse gases were tracked throughout these simulations: methane, nitrous 
oxide, and carbon dioxide. As expected and depicted in Figure 6-28, since most of the 
energy generated in the Baseline 2020 case came from fossil fuel, when more energy was 
used, more greenhouse gas emissions were generated. Therefore, Baseline 2020 
generated the fewest emissions and the Frozen E’cienj case the most. The composition 
of emissions changed over time on Hawaii because more oil and less biomass and coal 
were used. Carbon dioxide emissions fell over the planning period, which resulted in 
fewer total emissions in 2014. Nitrous oxide and methane increased. 
I 

Figure 6-28. Greenhouse Gas Emissions on Hawaii, 1994-2014 
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6.6. THE KAUAI ENERGY FORECAST 

6.6.1. Kauai County Results for the Regulated Sectors 

6.6.1.1 ELECTRICITY PEAK DEMAND 

Figure 6-29 and Table 6-38 show that the 2014 Baseline 2020 peak demand of 122 MW 
was approximately 45 MW greater than peak demand in 1994, an increase of 58 percent. 
Without naturally occurring conservation and technological improvements, peak demand 
would have been 27 Mw greater than Baseline 2020 by 2014 as shown in the Frozen 
EfJiciency case. Peak demand grew most rapidly during the first half of the planning 
period since the economic forecast which drove these cases predicted greater growth then. 
Economic activity and hence energy use were "rebounding" from the devastation of 
Hurricane Jniki during the first five years. 

~ ~~ - 

Figure 6-29. Electricity Peak Demand on Kauai, 1994-2014 

29% I 77 I 122 I 
I SXYc. I 21.5% I 4.7% 77 149 27 

~ ~~ 

Table 6-38. Electricity Peak Demand on Kauai 

6.6.1.2. SALES OF ELECTRTCITY AND UTILITY GAS 

The pattern revealed by peak demand growth was replicated for total sales. Total sales in 
Baseline 2020 increased 56 percent from 416 GWh in 1994 to 649 GWh in 2014. Both 

~~~ 
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sales and peak growth were higher during first decade, attributable to higher economic 
growth and increasing saturations in such end uses as cooking, drying, and miscellaneous. 
Kauai was the only island where a significant increase in air conditioning use was not 
forecast, primarily since residential Lousing is mostly low density. (See-Figure 6-30 and 
Table 6-39.) 

~ ~~ 

Figure 6-30. Total Electricity Sales on Kauai, 1994-2014 

I I I I I . .. 

I 55.7% I 21.3% I 416 I 787 I 425% Fmzen Efficiency 
* Reduction in sales over Frozen Effiiemy Case 

Table 6-39. Total Electricity Sales on Kauai 

Table 6-40. Baseline 2020 Utility and Bottkd Gas Demand on Kauai 

Utility gas sales simulated in Baseline 2020 fell during'the planning period. Residential 
sales fell from 0.08 to 0.03 million therms as shown in Table 6-40. This decline resulted 
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from a combination of factors, primarily the limitations on residential access to utility gas 
due to the lack of expansion of the pipeline system to new residential areas which limited 
the development of new markets coupled with and successM price competition from the 
electric utility. 

6.6.1.3. UTILITY RESOURCE NEEDS 

Approximately 40 MW of new resources were needed by 2014 in Baseline 2020 with the 
first resource additions in 2002.. Mostof the new resources needs in this case occurred 
during the second half of the planning period (See Table 6-41). 

I I 1 

Frozen Efficiency I 33 I 40 I 1998 I io I 178 

Table 6-42. Electric Utility Building on Kauai 

Table 6-42. Baseline 2020 Generating Capacity Additions on Kauai 

Kauai Electric did not forecast any capacity retirements over the planning period as depicted 
by Table 6-42. Existing generation was oil-fired or uses renewable energy sources. As 
shown in Table 6-42 and 6-43, all new generation was oil-fited capacity with most of the 
building occurring in the second half of the planning period. The Baseline 2020 case used 
the diesel-fueled plant types chosen by Kauai Electric in its IRP. The timing and number of 
plants was consistent with the requirements identifkd in the ENERGY 2020 energy 
forecast. 

Table 6-43. Baseline 2020 Primary Electricity Generating Capacity by Fuel Type 

The Kauai Baseline 2020 reserve margins varied from a low of 18 percent to a high of 
46 percent, with much of the “excessyy capacity early in the planning period due to reduced 
demand in the post-Iniki recovery period. The average reserve margin was 24’percent. 

Gas utility resource needs were minimal. The existing line capacity and vaporization 
facilities were adequate to serve the modest increase in utility gas demand over the 20- year 
period. 
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6.6.1.4. PRICES 

Figure 6-31. Real Average Electricity Prices on Kauai, 1994-2014 

As shown by Figure 6-3 1 and Table 6-44, ENERGY 2020 forecasted falling electricity 
prices on Kauai, with most of the fall during the first half of the planning period as sales 
rebounded. This forecast did not take into account Kauai Electric’s ques t s  for rate 
increases to pay for repair of Hurricane Iniki damage to the electrical system. 

Table 6-44. Real Average Electricity Prices on Kauui 

6.6.2. Kauai County Results for the Non-Regulated Sectors 
The primary non-regulated energy sectors include ground transportation fuels, bottled 
propane gas, and cogeneration. As depicted in Figure 6-32 and Table 6-45, the 
transportation fuel sector required, by far, the largest amount of oil of the three sectors. 
Over a third of the oil demand came from this sector in 1994 and the share increased to 
about 40 percent by 2014. Bottled gas was used by residential and commercial customers 
and cogenerators used oil, biomass, and coal as fuel sources. Air and marine 
transportation fuel use were modeled only at the statewide leveL 
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6.6.2.1.  TRANSPORTATION ENERGY REQUIREMENTS 
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Figure 6-32. Baseline 2020 Ground Transportation Fuel Use on Kauaii 2994-2024 

Ground transportation fuels were diesel and gasoline. The use of both increased slowly 
over the planning period in Baseline 2020 simulation from almost 3.8 TBtu in 1994 to 
about 4.1 TBtu in 2014, an increase of 7.9 percent Diesel use i n c r d  a little faster- 
from 0.04 TBtu to 0.05 TBtu, about a 25 percent inmase. The actual pattern of fuel use 
over the planning period was revealing. In the early years of the forecast, population and 
economic growth dominate, and transportation energy use increases. Toward the latter 
portion of the planning period, technology improvements and price-induced efficiency 
increases dominated the now slower economic growth and transportation energy demand 
began to fall. 

iesel I 0.E I 0115 I 0.096 
3E3 4.15 8.4% 0.4% 

Table 6-45. Baseline 2020 Ground Transportation Energy Requirements on Kauai 

6.6.2.2. BOTTLED GAS 

As with utility gas, residential bottled gas use decreased throughout the planning period, 
dropping by 20 percent, from 0.10 to 0.08 TBtu. Commercial bottled gas use increased by 
72 percent, from 0.25 to 0.43 TBtu, over the same period, more than offsetting the decline 
in residential use. The decline in residential use can be attributed to a decline in market 
share due to successful electricity price competition; the in- in commercial use is 

.. , 7_ . ~ - . .  
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explained by growth of the commercial market and maintaining market share. See 
Table 6-40 in Section 6.6.1.2. 

Oil 9.15 10.68 68.1% 74.4% 
Renewables 328 3.67 31 3% 25.6% 

Total 13.43 14.35 

6.6.2.3. COGENERATION 

The primary cogeneration fuels used on Kauai were biomass and oil in the Baseline 2020 
case. Cogeneration on Kauai increased throughout the planning period. Biomass-fired 
cogeneration used the most energy, increasing from 0.66 TBtu in 1994 to 0.85 TBtu in 
2014. Oil-fired cogenemtion followed a similar pattern, increasing from 0.11 TBtu in 1994 
to 0.14 by 2014. 

6.6.3. Total Energy Use and Emissions 
6.6.3.1. BASELINE 2020 PRIMARY ENERGY USE 

Oil continued to dominate primary energy use on Kauai and its market share increased from 
68 to 74 percent over the planning period with most of increase in the transportation and 
electricity sectors. Baseline 2020 renewable energy use increased a little, but not enough to 
sustain its initial 32 percent market share. (See Table 6-46 and Figure 6-33.) 

Figure 6-33. Baseline 2020 Primary Energy Use on Kauai, 1994-2014 
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Figure 6-34. Baseline 2020 Renewable Energy Use on Kauai, 1994-2014 

As shown in Figure 6-34 and Table 6-47, renewable energy use changed little over the 
planning period. Biomass increased from 3.19 to 3.52 TBtu. Solar increased a little as 
well and hydro energy use remained constant. 

Biomaes 3.19 3.52 31 .wo 24.5% 
Soh 0.03 0.15 0,wo 1.1% 
Hydro 8.01 4.01 
Total 328 3.67 31 s o  25.6% - 

Table 6-47. Baseline 2020 Renewable Energy Use on Kauai 

6.6.3.2. EMISSIONS 

Three greenhouse gases were tracked throughout these simulations are shown aggregated 
in Figure 6-35. They include: methane, nitrous oxide, and carbon dioxide. Throughout 
the three cases they stayed in approximately same proportion. BaseZine 2020 generated the 
least emissions. 
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Figure 6-35. Baseline 2020 Greenhouse Gas Emissions on Kauai, 1994-2014 

6.7. COMPARISON OF UTILIN IRPs AND BASELINE 2020 
SI M U LATlO NS 

This section compares, where possible, outputs from the energy forecasts developed by 
Hawaii's utilities in their IRP processes with the DBEDT ENERGY 2020 simulations. The 
utilities primarily used econometric forecasting techniques, while ENERGY 2020 uses 
system dynamics (SD). SD modeling incorporates feedback analysis which acts as a 
stabilizer on most systems; econometric techniques generally do not have feedback 
analysis. Therefore, even if the input assumptions were identical, the two modeling 
techniques would yield somewhat different results. 

The Baseline IRP case selected the company-forecasted variables from each utility's most 
m n t  IRP f ~ g . 1  

6.7.1. Oahu 

6.7.1.1. PEAK ELECTRICITY DEMAND 

As shown on Table 6-48, HECO's Baseline IRP peak electricity demand forecast, which 
did not account for the utility DSM programs, was 1,798 MW in 2014 for an increase of 49 
percent over the planning period. This was considerably higher than the Baseline 2020 
forecasted peak electricity demand increase of about 15 percent. HECO's forecast matched 

1 Hawaiian E l d c  Cornpiny, Inc., Integrated Resource Planning, 1994-2013, July 1993, as revised July/August 1994. 
Maui EleCtric-Coyy, Inc, Inregrated Resoctrce Planning, 1994-2013, December 1993. 
Hawaii Electnc kght Company, hc, lntegrared Resource P h ,  October 1993, as revised March 1994. 
Kauai Electric Division. Integmred Resource Pkm, October 1993. 
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The HECO Baseline IRP peak demand forecast projected an average growth rate of 
2.0 percent per year. Baseline IRP did not model the effect of the proposed utility DSM 
programs and because HECO projected a fall in real electricity prices, hence a peak demand 
growth rate that mimics the Frozen Ejgiciency case was consistent with the H e r e n t  
aksumptions being made. 

&WFne2Mo 
Basdine IRP 
Baseline wlo DSM 

7.wo 5.946 om0 1223 14(312 

Baseline IRP 202% 23.6% 2046 i n 0  1798 
Baseline w/o DSM l6.?%0 10.1% 1 H O  1223 1589 
Frozen Efficiency 30.0% 129% 24% 1223 1818 

Table 6-48. Electricity Peak Demand on Oahu 

. 8270 6.5% 6794 f897 
25.4% 15.7% 6722 l0Ps.l 
16.6% 9.m 6794 8785 

The Baseline 2020 simulation had a fairly constant peak growth rate as shown in 
Table 6-48. The peak growth rate of the HECO forecast was higher in the second half, 
contrasting rather oddly with the higher sales growth during the first half. No explanation 
for this unusual outcome was given in the HECO IRP. One explanation could be that the 
HECO forecast of high economic growth drove the increase during the first ten years and 
increased use per customer, especially in air conditioning, was the driver during the second 
decade. 

Frozen Efticiencv I 30.?%0 

6.7.1.2. TOTAL ELECTRICITY SALES 

129% 6794 10.19 

Baseline IRP forecasted sales increased from 6,722 GWh in 1994 to 10,451 GWh in 2014, 
a 55.5 percent increase. This was much larger than the Baseline 2020 forecasted change of 
only 16 percent. The Baseline w/o DSM sales more closely matched the Baseline IRP, 
with sales increasing to 8,785 GWh, a change of 29 percent by 2014. However, the 
Baseline 2020 and Baseline I' did not have a common customer baseline. The residential 
category in Baseline 2020 included master-metered multi-family dwellings which were not 
on the utility's residential schedule, Schedule R The Baseline IRP forecast put these units 
into the commercial category. 

Tabk 6-49. Oahu Total Electrkity Sales Forecasts 

The Baseline IRP sales growth outpaced peak demand growth during the first half of the 
planning period but then lagged during the second half. Sales growth was a little more 
rapid than peak growth during the first ten years of the planning period for Baseline 2020 
and the same was true for Baseline w/u DSM. In the early years in the ENERGY 2020 
simulations, sales growth was attributable to higher forecasted economic growth and 
increasing saturations in such end uses as cooking, drying, and miscellaneous. These 
effects were dampened in Baseline 2020 by DSM programs, particularly water heating 
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rebates. No explanation was given in the HECO IRP as to why the sales growth rates were 
so different by decade; the explanation given for the differences in the ENERGY 2020 
simulations could be part of the reason. The 1994 values differed in Table 6-49 because 
1994 was a forecast year since 1994 data was not available at the time of the analysis. 

6.7.1.3. RESIDENTIAL SALES 

Baseline w/o DSM 18.046 13,140 2104 2482 2B47 1.6% 
Frazen uficiency 24246 127% 2104 2612 2984 21% 

Baseline IRP 17.5% 2 2 W O  1776 2087 2546 21% 
* h e l i n e  IRP residential sales do not include &-family master metered sales 

Table ,640. Oahu Residential Electricity Sales 

As shown in Table 6-50, HECO’s residential sales forecast, at an annual average growth 
rate of 2.1 percent, was higher than the ENERGY 2020 simulation forecast of 1.2 percent. 
The increase during the second half of the planning period was greater than the first half; 
but no explanation was offered in the IRP. The forecast for the first ten years closely 
matched the Baseline w/o DSM simulation; during the second decade it was nearly twice 
the Baseline w/o DSM rate. Part of the explanation may lie with the falling electricity price. 

The initial diffemce in residential sales between the Baseline IRP and ENERGY 2020 
simulations came from the inclusion of multi-family master meter sales in residential 
electricity sales in the ENERGY 2020 simulations. The utility sales reported were those 
sold under its Schedule “R“ rate classification which did not include the larger master 
metered customers. Since the utility forecast nearly “caught up” with Baseline 2020 total 
residential sales forecast, the utility forecast, if it included master metered multi-family 
residential customers, would be higher than Baseline 2020 predictions. Because master 
metered residentid sales were never explicitly forecast in the utility IRP, no number was 
available to add to the Schedule “R” forecast. 

6.7.1.4. COMMERCIAL AND INDUSTRIAL ELECTRIC SALES 

Baseline w/o DSM 2 0 W O  102% 3540 4718 1.6% 

BswdneIRP 33.1% 20.3% 4618 6146 7393 W O  

F m m  Efficiency 44.4% 15.8% 3540 5111 9919 35% 

Table 6-51. Oahu Commercial and Industrial Elechic Sales Forecasts 

The Baseline I .  commercial and industrial sales forecast also forecasted higher sales than 
Baseline 2020 (see Table 6-51). Sales grew at an annual rate of 2.9 percent, significantly 
higher than the 0.7 percent estimated for Baseline 2020 and the 1.6 percent in Baseline w/u 
DSM. In the IRP, much of this growth was forecast in Schedule G -- general service 
customers, presumably commercial. Some energy efficiency or load reduction from some 

Hawaii Energy Strategy 6 4 6  



other source, such as economic declines, may be incorporated into the utility forecast as the 
growth rate was lower than the Frozen E'ciency simulation. 

6.7.1.5. ELECTRIC SYSTEM GENERATION BUILDING 

Baseline IRP 320 580 1998 472 2141 
Baseline w/o DSM 385 m 1993 634 2w6 
Fmzm Efficiency 535 979 1!B7 1086 2346 

The Baseline IRP called for 320 MW new capacity construction during the first ten years; 
over the second ten years, the Baseline IRP projected a need for an additional 580 MW for 
a total new capacity of 900 MW. This compared with requirements of approximately 504 
MW of new resources by 2014 under the Baseline 2020 simulation. The first resource 
additions were not needed until 2002 given the retkments of existing capacity outlined in 
the IRP. Since the same retirements were used in both cases, the difference in the amount 
of new generating capacity projected was directly related to the differences in the peak 
forecasts. Table 6-53 summarizes the building patterns of the two simulations. 

Table 6-53. Baseline 2020 and Baseline IRP Generating 
Capacity Addifions and Retirements on Oahu, 1995-2014 

Capacity additions under both the Baseline IRP and the Baseline 2020 were oil- and coal- 
fited due to the choices made by HECO and the assumptions under which Baseline 2020 
was created. The Baseline IRP number of oil plants needed was larger due to larger 
forecasted d e s  and peak demand. Four DSM programs were accounted for before new 
resources were added -- HECO's residential water heating program, commercial lighting 
programs for new and existing customers, and the custom industrial DSM program. Also 
included were standby and interruptible rates. With the addition of DSM, HECO 
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forecasted the need for the first generation resource in 2005. Table 6-54 shows generation 
requirements by plant type for Baseline 2020 and Baseline IRP. 

Oil 1443 1343 86.4% 76.140 
coal 180 370 10890 21 .wo 

Renewables 46 51 28% 2946 
Total 1669 1 7 M  

coal 180 670 10890 33.m 

Renewables 46 46 28% 2wo 
Total 1669 19i7 

Table 6-54. Baseline 2020 and Baseline IRP Primary Electricity Generating Capacity 
By Fuel Type 

6.7.1.6. ELECTRICITY PRICES 

Real electricity prices on Oahu fluctuated with building patterns but this alone cannot 
explain the difference in price forecasts between the BaseZine IRP and Baseline 2020 cases. 
The BaseZine IRP forecasted a decline in real electricity prices of approximately 19 percent 
while Baseline 2020 prices rose 16 percent in the first ten years alone. Different fuel price 
forecasts, Merent capital costs, and (most importantly) different sales forecasts all played 
a role. HECO forecasted sales to grow by 55 percent over the planning period, while in the 
Baseline 2020 forecast, sales grew by only 16 percent. 

* Baseline IRP prices in 1993 donars 

Table 6-55. Oahu Real Average Electricity Price Forecasts 

It was not clear how HECO forecasted its prim. It appeared to calculate revenue 
requirements based on sales. This sales calculation was very important because it 
determined the fxed cost allocation. But it was not clear whether sales or prices were 
calculated first. Although other factors such as economic growth rates were important 
determinants of d e s  growth, the very high sales forecast in this case would need 
additional influences such as an increase in demand through relaxed conservation efforts, 
fuel switching to electricity, or more consumption in general because of lower real electric 
p r i m  (Le., forecasted use per customer increases). However, these prices were calculated 
on the basis of large sales increases -- a circular solution. The outcome of high sales and 
falling electric prices cannot be replicated in ENERGY 2020. The ENERGY 2020 
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simulations all forecasted rising prices. Real average electricity prices are shown in 
Table 6-55. 

Basel"liieM2y) 13.8% 11.0% 1.4% 17l a) 
Baseline IRP lawo 15.1% 1 H O  188 261 
Basdim wlo DSM 20.4% 14.no 22% 17l 248 
Frozen Efficimcv 40.7% aD.WO 3.?%0 171 297 

,6.7.2. Maui 

6.7.2.1. PEAK ELECTRICITY DEMAND 

As shown in Table 6-56, the Baseline IRP peak demand forecast for the islands of Maui, 
Molokai, and Lanai of 261 MW by 2014 was a 39 percent increase over the planning 
period, similar to the Baseline w/o DSM peak demand i n c m  of 45 percent. The 2014 
Baseline 2020 peak demand of 220 M W  was approximately 50 MW gmiter than peak 
demand in 1994, an increase of only 17 percent over the planning period. 

In the three ENERGY 2020 cases and the Baseline I .  forecast as well, peak demand 
grew most rapidly during the first half of the planning period since the economic forecasts 
used to drive these cases projected greater growth during the first decade of the planning 
period. Most of the difference between the ENERGY 2020 Baseline 2020 and the MECO 
Baseline IRP can be attributed to the DSM programs simulated in Baseline 2020. The 
di€fexcnce in peak demahd in 1994 Wered between the ENERGY 2020 simulations and 
the utility IRP forecast as these were forecast, not actual values. 

Table 6-56. Maui Peak Electricity Demand 

6.7.2.2. TOTAL ELECTRICITY SALES 

In the MECO forecast, sales increased from 979 GWh in 1994 to 1358 GWh in 2014, a 
38.7 percent increase which is similar to the Baseline w/o DSM increase of 45 percent. 
Total sales in BuseZine 2020 increased from 941 GWh in 1994 to 1243 GWh in 2014, an 
increase of over 32 percent by 2014. The ENERGY 2020 simulations predicted slightly 
higher growth in electricity sales but the two forecasts were similar (see Table 6-57). 

Table 6-57. Total Electricity Sales in Maui County 

MECO forecasted an average growth rate of 1.9 percent per year with a pattern similar to 
Baseline w/o DSM, which forecasted a growth rate of 2.2 percent. Growth in Baseline 
2020 (the case that includes both naturally occurring efficiency improvements and utility 
DSM programs) was slower, averaging 1.4 percent per year. 

~~ 
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6.7.2.3. RESIDENTIAL SALES 

I 

B d i n e  w/o DSM 242% 18.6% 31 1 386 468 25% 
F m m  Efficiency 36.640 B Z Y O  31 1 425 s36 3.6% 

Baseline IRP 24.59b 19.996 ze5 405 496 2wo 
A 

Basdnt32Oa 125% 1 1 .wo 5s . 6 2 9  70;) 12% 
Baseline w/o DShU 23.6% 13.9%0 599 891 787 1 a 0  

F m m  Efficiency 43.1% 21 .!Bo 5s am 
&&he IRP 22.4% 1 2 w o  638 768 866 1 .mo 

I 972 35% 

MECO’s residential sales forecast was slightly higher, but consistent with, the ENERGY 
2020 sales forecast as depicted in Table 6-58. The Baseline w/o DSM simulation had an 
average annual growth rate of 2.6 percent compared to 2.5 percent in the Baseline w/o 
DSM simulation. 

The utility sales reported are those sold under its Schedule “R” rate classification which did 
not include the larger master m e t e d  customers. The utility forecast was higher than the 
EMERGY 2020 simulations to begin with; adding master-metered residential des 
increased it further. Since residential multi-family master metered sales were never 
explicitly forecasted in the utility IRP, no number was available to add on to the schedule 
‘R” forecast for a total residential sales forecast by the utility. 

6.7.2.4. COMMERCIAL AND INDUSTRIAL ELECTRIC SALES 

MECO’s commercial and industrial d e s  forecast was for greater sales than the Baseline 
2020 commercial forecast but it was about the Same as Baseline w/o DSM. Sales grew at 
an a n n d  rate of 1.7 gercent, signiticantly higher than the 1.2 percent estimated for 
Baseline 2020, but close to the 1.9 percent rate of Baseline w/o DSM. The growth patterns 
vary from the ENERGY 2020 cases, with more of the growth occurring during the first 
decade (Table 6-59). The Baseline w/o DSM commercial and industrial sales together were 
787 GWh in 2014, fairly close to the 866 GWh reported in MECO’s IRP (which included 
street lighting and miscellaneous sales as well). 

Table 6-59. Commercial Electricity Sales in Maui County 

6.7.2.5. ELECTRIC SYSTEM GENERATION BUILDING 

As shown in Table 6-60, Baseline 2020 and the Baseline IRP had similar planning 
requirements. Baseline I .  needed 177 MW of new capacity, beginning in 1995. This 
was similar to the Baseline 2020 resource assessment. Approximately 160 M W  of new 
resources were needed by 2014 in Baseline 2020 with the first resource additions in 1996. 
Under Baseline w/o DSM the need was about 200 MW with the first additions in 1996. 
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83 80 s6 62 z6 
Baseline IRP 100 77 95 79 3s 
Baseline w/o DSM 100 100 s6 l@ 3a6 
Frozen Efficiency 120 120 96 142 . 3 4 3  

Table 6-60. Electricity Generation Building in Maui County 

Table 6-61 shows Baseline 2020 and Baseline IRP capacity additions and retkments. 
The MEXO IRP has a third plant category -- standby. ENERGY 2020 considers these 
plants to be available but on a limited basis. In Tables 6-60 and 6-61, the Baseline 2020 
listings do not include the standby plants as retirements, however they are listed as negative 
charges to capacity in Baseline IRP. 

Table 6-61. Baseline 2020 and -Baseline IRP Generating 
Capacity Additions and Retirements in Maui County (MW), 1995-2014 

In the Baseline 2020 case, Maui first needed new capacity in the form of a 20 MW 
combined cycle unit in 1996. The Baseline IRP forecasted the need for a small diesel 
generator in 1995. Part of the difference in the construction forecasts occurs because 
ENERGY 2020 models the Maui system as one integrated system. MECO's three service 
territories are in fact discontinuous and it is possible to have a generation shortage requiting 
new capacity on one island and a surplus of capacity on another which holds the reserve 
margin up. In this case, ENERGY 2020 would not forecast a need for new construction. 
It would be ideal to have a separate model for each island in Maui County, but a lack of 
necessary funds precluded this. 

Table 6-62 shows how the baseline scenarios retain the dominance of oil in Maui County's 
electric system. 
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on - 160 210 a33 96240 99.WO 

Renewables 16 1 3.8% 0.446 
Total -160 

Oil - I77 
Renewables 
Total - 177 

2 l O  202 962% 99.WO 
16 1 3.wo 02% 

z6 303 

6.7.2.6. ELECTRICITY PRICES 

Baseline IRP 51% 4.890 
Bsseline w/o DSM 8.1% 1 .ma 
Fmzen Efficmcy 10,WO -0.6% 

The Baseline IRP forecast projected a real average electricity price of 13.6 centsk' by 
2014, up from a 1994 price of 12.6 centskWh. From a real price of 12.8 centskWh in 
1994, prices rose in Baseline 2020 to 14.6 centskWh over the planning period. The 
Baseline w/o DSM case had a 2014 average real price of 14.2 cent&Wh and the Frozen 
Eflciency price was 14.0 centskWh as shown in Table 6-63. 

1329 13.64 0.35 
13.61 14.16 0.35 

14.04 14.00 -0.04 

The MECO prices, as reported in their IRP, were about a penny lower than the prices 
simulated by ENERGY 2020 due in part to MECO's use of a different oil price forecast 
although the timing of resources, diffexcnt capital costs, and expected sales all play a role in 
the difference. The ENERGY 2020 prices were based on the 1994 D0ElEI.A mid-range oil 
price forecast. 

The electricity price differences between the ENERGY 2020 sim~&tions and the MECO 
IRP were not significant. Furthermore, the Baseline I .  price increase pattern and total 
increase over the planning period was very similar to the Baseline w/o DSM case. 

6.7.3. Hawaii 

6.7.3.1. PEAK ELECTRICITY DEMAND 

The Baseline IRP peak electricity demand forecast was 280 M W  in 2014 or an increase of 
74 percent over the planning period. This average annual growth rate for peak demand of 
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3.7 percent per year was very high when compared not only to the ENERGY 2020 
simulations but also the peak growth rates from the other IRP forecasts. It appears that not 
only economic growth was forecasted but also growth in electricity use per customer, a 
hard case to make when real electric prices rose. Table 6-64 iuuStrates these differences. 

Bsseline2MO 
Baseline IRP 
Baseline w/o DSM 
Frozen Efficimw 

Baseline IRP 34.8% 25.896 3.7% 161 280 

Baseline w/o DSM 12696 15.5% 1.WO 158 m 
Frozen Efficiency 25.7% 19.wo 26% 158 240 

7.4% 14.696 ' 817 1ce2 1 230  
34.8% 25230 830 1436 3.7% 
14m 16.6% 817 1106 1 s  

252% 19.6% 817 1244 26% 

Table 6-64. Electricity Peak Demand on Hawaii 

BBSalineimEO 14.4% 20.8% 327 374 461 20% 

Baseline w/o DSM 16.1% 21.8% ?a 380 473 22% 
Frozen Efficiency 21 .wo 23.WO 327 396 501 27% 

Baseline IRP 24.54b 19.9% 326 405 496 26% 

6.7.3.2. TOTAL, ELECTRICITY SALES 

-In the HELCO forecast, shown in comparison to the ENERGY 2020 forecast in 
Table 6-65 sales increased from 830 GWh in 1994 to 1436 GWh in 2014, a 73 percent 
inatme over the planning period. This was higher than the ENERGY 2020 simulated 
Frozen Eficiency case that showed a twenty year sales growth rate of only 52 percent. No 
reasons were provided in the HEX0 IRP to explain this galloping growth rate. Nor was 
this growth rate forecasted to occur on the other islands; even on Oahu where falling 
electric prices were forecasted, sales growth rates were lower. 

6.7.3.3. 

~ ~~ ~ ~~ 

Table 6-65. Totid Electricio Sales on Hawaii 

RESIDENTIAL SALES 

HELCO's residential sales forecast (see Table 6-66) was only slightly lower than the 
ENERGY 2020 Frozen E#ciency simulation with an annual average growth rate of 2.6 
percent compared to 2.7 percent in the Frozen Eficciency simulation. Again, greater 
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projected increases in population, economic growth, and energy use per customer may 
have driven the forecast. 

Frozen Efficiency 
Baseline IRP 

The initial difference in residential sales between the Baseline IRP and ENERGY 2020 
simulations was greater because of the inclusion, in the ENERGY 2020 simulations, of 
multi-family master meter sales in the residential electricity category instead of in the 
commercial category as in the utility IRl?s. 

28.3% 18.4% 4s 549 633 2596 

375% a.6 491 675 867 3.6% - 

6.7.3 . 4. COMMERCIAL AND INDUSTRIAL ELECTRIC SALES 

BaSalineM20 
Basefine IRP 

Again, in Table 6-67, the commercial and industrial sales growth rates from the forecast 
taken from the utility IRP were even higher that the ENERGY 2020 Frozen Eficiency 
simulation. Sales increased by an annual average rate of 3.6 percent, compared to 2.5 
percent in the Frozen Eflciency case. This growth rate was 0.7 percent higher than the 
growth rate forecasted for Oahu and twice the growth rate forecasted for Maui. 

40 a, 97 34 ps 
78 93 95 71 2EB 

I 428 I 423 I 467 I 0.4% 
I 11.0% I 13.5% I 428 475 533 12x0 

Baseline w/o DSM 60 
F m m  Efficiency I 80 

a, 97 54 258 
8)  97 95 298 

6.7.3.5. ELECTRIC SYSTEM GENERATION BUILDING 

The Baseline IRP required twice the capacity of the Baseke 2020 case (78 MW compared 
to 40 MW in Baseline 2020) during the first ten years but built about the Same amount as 
Baseline 2020 (58 MW vs. 60 MW) during the second decade. 

Even though the Baseline IRP peak forecast was much higher and there were plans to retire 
66 M W  of existing capacity, only 136 MW of additional resources, beginning in 1995, 
were projected to be needed in the utility IRP. Despite the much higher peak and sales 
forecast, the projected capacity on line in 2014 was only 1 MW higher in the Baseline IRP 
simulation than in Baseline 2020. In addition to the installation of 136 M W  of new oil- 
fired generation, HELCO IRP included four DSM programs - three for commercial 
customers and a residential water heating program. Table 6-68 compares electric utility 
building on Hawaii. 
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Table 6-69 illustrates the capacity additions and retirements for Baseline 2020 and for 
Baseline IRP. The early building start in both cases was the result of very early plant 
retirements. These have been delayed due to problems HELCO has encountered in 
obtaining permits for their next generation units. 

Oil-116 155 a 4  755% 81 240 
Renewablas 51 45 2454b l8.W’ 
Total - 116 a6 239 

Table 6-69. Baseline 2020 and Baseline IRP Generating Capacity Additions and 
Retirements on Hawaii 

6.7.3.6. ELECTRICITY PRICES 

The Baseline I .  forecast projected an increase in the average real electricity price of 
approximately 17 percent, rising from 14.4 to 16.9 cents/klVh by 2014. The timing of 
mources, different fuel costs, different capital costs, and, most importantly, expected sales 
all played a role in this difference. HELCO fomasted sales to grow by 55 percent over the 
planning period, while in the Baseline 2020 forecast, sales grew by only 16 percent (See 
Table 6-71.) 

The HEW0 forecast of electricity prices was significantly lower than ENERGY 2020’s 
due in part to HELCO’s much greater sales growth forecast without large additional 
building requitements. HELCO’s IRP added only 16 MW more capacity than the Basehe 
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2020 simulation, yet forecasted sales that are much higher (1436 vs. 1022 GWh). A 
smaller fixed cost was distributed over more GWh of sales, resulting in lower prices. 

Table 6-71. Real Average Electricity Prices on Hawaii 

6.7.4. Kauai 
Baseline IRP data came from the Citizens Utilities Company, Kauai Electric Division’s 
Initial Integrated Resource P h ,  dated October 1,1993. . 

6.7.4.1. PEAK ELECTRICITY DEMAND 

Table 6-72. Comparison on Electricity Peak Demand on Kauai 

The Baseline IRP peak electricity demand forecast without DSM was 129 MW in 2014 or 
an increase of 84 percent, a little higher than the ENERGY 2020 forecast of 122 MW. 
Again the differences in the 1994 peak demand values were because these were forecasted 
values for both models. 

6.7.4.2. TOTAL ELECTRICITY SALES 

In the Kauai Electric forecast, Table 6-73 depicts a sales increase from 373 GWh in 1994 to 
670 GWh in 2014, an 80 percent increase. The Baseline 2020 forecast showed a 56 
percent increase over the planning period, from 416 GWh to 649 GWh. The largest 
difference occurred in the early years (1994 is a forecast year) because of the difficulty of 
predicting the rebound from Hurricane Iniki. 

Table 6-73. Tohl  Electricity Sales on Kauai 
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6.7.4.3. RESIDENTIAL SALES 

Kauai Electric did not provide a residential sales forecast -- however the total sales forecast 
growth rates were very similar to Baseline 2020 residential sales simulation growth rates 

second, an annual average growth rate of 3.8 percent 
* idth 48.7 percent growth during the first ten years and 20.9 percent growth during the 

6.7.4.5. ELECTRICITY SYSTEM GENERATION BUILDING 

Given the IRP assumptions of retirements of existing capacity, roughly 40 M W  of 
additional resources were needed, beginning in 2002 in Baseline 2020; but only 34 M W  
were required in Baseline ZRP. 

The Baseline IRP was similar to Baseline 2020 in total new capacity, but most of this 
building occumd during the first ten years with 24 MW of new capacity required 
beginning in 1998. Over the second ten years, the Baseline IRP projected a need for only a 
third as much new capacity as Baseline 2020 - 10 MW. Baseline 2020 did not start 
building until 2002, four years after the first plant addition in Baseline IRP. The 
differences between the two supply plans reflected the Werent growth rates for the 
respective sales and peak forecasts. Sales and peak demand were projected to grow more 
rapidly during the first ten years in the Baseline I .  case. 

Baseline IRP I 24 I 10' I 1998 I 34 I 142' 
~ Fmzen Efficiency 33 43 1998 70 178 
' Utility IRP forecasts capacity needs only to 2012 

Table 6-74. Electricity Generation Building on Rami 

Table 6-75 shows capacity additions. The major difference between the Baseline IRP and 
The Baseline 2020 cases was the timing of the building. Baseline IRP began building in 
1998; Baseline 2020 waited until 2002. This corresponded with the greater Baseline IRP 
projected peak demand early in the planning period. 

Table 6-75. Baseline 2020 and Baseline IRP Generating Capacity Additions 
on Kauai (MW), 1995-2014 
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Oil-4OMw 94 I 134 832% 07.6% 

T0tal-40MW 113 153 
RenewaMes 19 19 16.8% 124% 

94 126 832% =.no 

RenewaMes 19 19 16.8% 13.% 
Total - 34 MW 113 145 

Table 6-76. Baseline 2020 and Baseline IRP Primary Electric Generating Capacity by 
Fuel Type on Kauai 

6.7.4.6. ELECTRICITY PRICES 

The Kauai Electric IRP did not provide a price forecast for comparison 

~ ~~ 
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CHAPTER 7 - REDUCING ENERGY DEMAND: WHAT 
COULD WORK TO IMPROVE HAWAII’S ENERGY FUTURE? 

7.1. INTRODUCTION 

This chapter begins to examine what Hawaii can do to improve its energy future. It will 
examine demand-side options to increase Hawaii’s energy efficiency. Chapter 8 will 
examine supply-side options and combine them with the DSM programs developed in this 
chapter in three scenarios designed to meet state energy policy objectives. 

Based on the findings of the individual HES projects, especially HES Project 4, Demand- 
Side Management Assessment, DBEDT staff proposed 29 measures intended to reduce 
energy use for testing in the ENERGY 2020 model. As the measures were designed to 
reduce demand, they are described as demand-side management measures (DSM). While 
many may consider DSM as a tern which applies only to those measures subsidized by the 
utility electricity and gas systems, the term is used here in the economic sense of managing, 
or reducing, demand in the overall Hawaii energy system. Hence, DSM includes utility 
and non-utility measures and efficiency measures which apply to the transportation sector. 
These were evaluated using the ENERGY 2020 model as to their effectiveness in reducing 
demand and their impact on Hawaii’s economy. 

Section 7.2., Energy and Economic Model Assumptions, describes how existing state and 
federal efficiency standards and DSM programs planned by the utilities were used in the 
Baseline 2020 forecast presented in Chapter 6. Other assumptions related to forecast 
energy sales and transportation energy considerations are also explained. 

In the next section, 7.3., Measure Analysis, the ways the measures were simulated in the 
ENERGY 2020 model for each county’s economy and energy system are described. The 
section includes a discussion of the technical limits of measure testing. In addition, the 29 
DSM measures are described. 

AU of the 29 measures were simulated in the county models. The results of the individual 
simulations are lengthy and are not presented in this report. Based upon the results of the 
analysis, the cost-effective DSM measures were grouped into five programs for each 
county, each with a different level of energy savings based upon various criteria (e.g., no 
electricity price increase, no increase in total resource costs, achieving the maximum level 
of reduction of energy demand, etc.). These programs are explained by county in Sections 
7.4. to 7.7. 

7.2. ENERGY AND ECONOMIC MODEL ASSUMPTIONS 

7.2.1. Standards and Proposed Utility DSM Programs 

The preliminary DSM evaluation discussed in this chapter uses the Baseline 2020 forecast 
detailed in Chapter 6 as a starting point This forecast contained all existing state and 
federal efficiency standards and all known efficiency standards expected to be enacted 
during the forecast period. The utility DSM programs proposed HECO, MECO, and 
HELCO in their IRPs were included in Baseline 2020, which reflected the impact of those 
programs on electricity sales and peak demand. Kauai Electric’s (KE) DSM plan, 
developed as a part of its IRP, was not available in time for inclusion in the model runs and 
was not included in the Baseline 2020 forecast. The KE DSM plan will be included in 
future runs of the model to be conducted as part of the DBEDT triennial planning cycle. 
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Table 7-1 summarizes the three HE1 utility programs modeled in Baseline 2020. Table 7-2 
identifies the measures in the KE DSM program issued after the model runs were made. 

Table 7-1. Proposed HELCO, MECO, and HECO DSM Programs 

nologies when they replace existing 

fluorescent fixtures 

fixtures in new sinale and multi-familv uni 

7.2.2. 

Table 7-2. Proposed Kauai Electric DSM Programs 

Fuel Prices and Variable Costs 

Fuel prices in Baseline 2020 were the 1994 DOEEIA mid-range oil prices adjusted for 
local factors which rise in real terms over the planning period. Therefore, since the 
majority of the electric energy in Hawaii was produced by oil-fkd generation, Baseline 
2020 forecasted rising real electricity prices over most of the planning period, for each 
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county except Kauai, where stable real prices were forecast. The increase in forecasted 
electricity prices can be attributed principally to rising oil prices. Except on Oahu, all new 
generation proposed by the utilities in their RPs was oil fired. HECO proposed a 190 MW 
coal plant for 2004. 

The composition of electricity prices in Hawaii is different from pr im on much of the 
mainland. Because the Hawaii utilities’ service territories are relatively small and not 
connected, small oil-fired plants are generally used for baseload generation instead of the 
natural-gas, coal, nuclear, and large scale hydroelectric plants used on the mainland. As a 
result, baseload energy costs in Hawaii generally have a larger ratio of variable costs 
(primarily fuel costs) to fixed costs than many mainland utilities, This has implications for 
DSM measure development and for potential substitution of renewable resources for 
additional oil plants when future generators are required. DSM measures that reduce 
existing load may result in only a very small reduction in price if most of the cost of the 
electricity deferred is variable cost. 

7.2.3. Assumptions in the Bases Case 

7.2.3.1. TRANSPORTATION SECTOR ASSUMPTIONS 

To analyze the transportation sector, it was necessary to make assumptions about future 
vehicle efficiency improvements, penetration rates of alternative fueled vehicles (AFV), 
allocation of current and future taxes for road building, and land use,. For Baseline 2020, 
the minimum AFV penetration rates reported in Project 5, Transportation Energy Strategy 
Development, were used. All existing federal taxes and incentives were included. 
Project 5’s assumptions about availability of land to grow crops for biomass transportation 
fuels were also used. 

7.2.3.2. UTILITY SECTOR ASSUMPTIONS 

As already discussed in Chapter 6, electricity sales statewide were forecast to increase 
moderately with an annual average growth rate of 1.1% increasing sales to nearly 11,200 
GWh by 2014. The increase was due to population increases and economic growth, 
despite improved energy efficiencies and the implementation of utility DSM measures. 

The largest electricity end use for residential customers was water heating. While the water 
heating-market gave significant shares to gas and solar energy as well as electricity, 
virtually all lighting was electric. Little contribution to new electricity sales was expected 
from these end-uses over the planning period because utility DSM measures targeted them. 
In the water heating market, in many cases, standard electric resistance heating was 
replaced with far more efficient electric heat pump hot water systems or a fuel switch to gas 
or solar water heating was made. 

Residential electricity load growth was in the air conditioning, lighting, miscellaneous 
appliances, cooking, and clothes drying end uses due to economic growth, increasing 
appliance saturations, and increasing market share for electricity due to changing relative 
prices. Both changes in relative fuel prices and the relative cost of appliances altered end 
use growth because they reduced the total cost of using energy. 

In the commercial sector, the largest use of electricity was lighting. Cost-effective lighting 
technologies subsidized by utility DSM programs decreased the amount of electricity used 
even though additional buildings requiring lighting were built. DSM programs 
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supplemented the greater energy efficiencies of new construction built under the Model 
Energy Code. 

Growth in commercial electricity energy use was forecasted for air conditioning, 
ventilation, miscellaneous appliances, and refrigeration which were all non-substitutable 
end uses. Hawaii is unique in that most of its load is not temperature sensitive -- 
historically heating and cooling requirements were small. However, with the construction 
of additional large office buildings, vacation resorts, and condominiums, there was 
increased use of central air conditioning, creating a temperature-sensitive load capable of 
causing utility peaks and lowering the utilities' load factors. Peak shaving measures 
became more effective as this load developed. It was also possible that the increased air 
conditioning load could shift peak demand timing in the future. 

Industrial energy use in Hawaii, including motors used for agricultural irrigation and other 
pumping, was small in comparison to the commercial and residential sectors. Only the 
motors end use required a significant amount of electricity. Because the sector was small 
and the needs of each customer were unique, utility DSM programs developed for the first 
IRP cycle tended to ignore this sector or provided a few custom programs for individual 
users. 

7.3. MEASURE ANALYSIS 

7.3.1. Using ENERGY 2020 to Simulate Measures 

ECoNoM'C - FUTURES SECTOR 

INVESTMENTS 

PRICES 
AND 

INVESTMENTS 

MEASURES ENERGY 
AND DEMAND 

PROGRAMS SECTOR 

ENERGY PRICES / SUPPLY / DEMAND 

ELECTRIC GAS OTHER 
UTILITY UTILITY SUPPLY 

SECTOR SECTOR SECTOR 

EASURES AND PROGRAMS 

Figure 7-1: Measure Testing in ENERGY 2020 

ENERGY 2020 details both mandatory and voluntary efficiency measures. Mandatory 
m e a s m  include county building codes, federal appliance standards, and other 
government-required efficiency measures. Demand-side management measures are 
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analyzed in ENERGY 2020 by simulating the effects and counter-effects these measures 
have on each other and the other alternatives considered by decision makers, rather than by 
simply summing the presumed effects of such measures. For this reason, ENERGY 2020 
provides a robust test of the way various measures will interact. In addition, ENERGY 
2020 captures the often opposed short- md long-term effects of measure-induced or price- 
induced conservation through its feedback dynamics. 

ENERGY 2020 contains a number of pre-defined demand-side scenarios that can be tested 
either individually or in combination. -These include utility rebates, mandates, tax 
incentives, and incentive utility rates. Measures such as minimum appliance efficiency 
standards and building code changes are modeled directly in ENERGY 2020. In every 
case, the changes in demand resulting from load management measures affect the revenues 
of the utility thereby affecting price which, in turn, further modifies demand. Figure 7-1 
illustrates how measure testing occurs. 

The Hawaii version of ENERGY 2020 tested the effects of utility DSM programs, 
renewable energy resource portfolios, efficiency mandates, and transportation measures on 
Hawaii’s energy system and economy. Each of the four county models simulated the effect 
of DSM on electric utility sales, peak demand, capacity building, and prices. The gas 
sector portion of the model captured the effects of DSM on this industry, including price- 
induced fuel switching to or away from both SNG/propane and bottled gas. Ground 
transportation measures were also simulated by county. Economic effects were simulated 
by the REMI macroeconomic model integrated into ENERGY 2020. 

Since ENERGY 2020 altered the energy market shares according to relative prices, having 
endogenous, changing gas and electricity prices allowed both the income and substitution 
effects of the changing relative prices resulting from utility and other DSM measures to be 
captured through the feedback loops in the model. ENERGY 2020 provided considerable 
information on the secondary price and efficiency effects in a single market. It also 
provided cross-over effects in other markets and the Hawaii economy as a whole. Thus, 
ENERGY 2020 allowed DBEDT to test whether DSM measures promoted the goals 
specified in its energy strategy on a statewide and county basis, across all fuels. The 
specitlc details of the model structure, market share mechanism, efficiency curves, and 
other demand features are explained briefly in Chapter 5, and are available in more detail in 
the complete model dodumentation 

7.3.2. Types of Measures 
DSM measures tested by DBEDT range from information programs and utility-sponsored 
rebates through state mandates to tax measures. Measures were custom-tailored for all of 
Hawaii’s energy demand sectors and most of its supply sectors. 

7.3.2.1. UTILITY-SPONSORED REBATES AND LOW- 
INTEREST LOANS 

In utility IRP analysis, the focus is generally on utility-sponsored rebate and low interest 
loan programs for various capital investments that improve energy efficiency. Generally 
these rebates are targeted at customer classes that are, in the aggregate, behaving 
economically “suboptimally.” The customers do not purchase the economically optimal 
level of energy efficiency given the relative fuel prices and capital costs. Usually some 
market failure (e.g., poor information, budget constraints) or non-price factor (such as 
style or convenience) prevents the cost-effective level of efficiency from being obtained. 
Utility DSM programs, by increasing customer awareness and providing financial 
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incentives, can overcome some of these barriers, improve customer satisfaction with 
energy service, and provide utilities with a less expensive alternative to new generation. 

Rebates are often offered to residential and small commercial customers for appliance 
purchases with relatively small dollar cost differentials from really inexpensive purchases 
such as light bulbs or low-flow shower heads to more expensive equipment such as high 
efficiency water heaters and refigerators. Low interest loans are generally offered to 
commercial and industrial customers for more expensive equipment or to residential 
customers for relatively more expensive process efficiency improvements. However, there 
is considerable overlap in these categories. ENERGY 2020 modeled new purchases, 
retrofits, or conversions in any combination. In the transportation sector, rebates and low 
interest loans were used to encourage the purchase of high efficiency vehicles or AFV. 

7.3.2.2. MANDATES 

Government mandates, standards, and codes are effective ways to reduce energy demand. 
All current federal and state standards and codes and all future standards that have become 
law were simulated Building codes generally affected process efficiencies (e.g., requiring 
certain levels of insulation). Standards were generally for appliances, such as high 
efficiency air conditioning and refrigerator standards. If a code and a standard are both in 
place, the effect one has on the other was estimated and taken into account. For example, a 
certain required R-value of ceiling insulation save a certain number of kwh in air 
conditioning use. This would be reduced further if there was also a high efficiency air 
conditioning standard. The ceiling insulation would save relatively fewer kwh since a high 
efficiency air conditioner would use fewer kwh to cool the structure without the ceiling 
insulation. In the transportation sector, vehicle standards, such as fuel choice and vehicle 
efficiency levels, were modeled along with the effects of some law changes such as 
commuter lanes that affected vehicle miles traveled. 

7.3.2.3. TAXES 

State tax measures were used to promote energy efficiency or fuel choice for appliances, 
structures, and vehicles. Since the energy and economic models were linked, the effects of 
tax incentives to promote energy efficiency on the economy as a whole were evaluated. 

7.3.3. Measures Tested 

Table 7-3. Transportation DSM Measures Tested with ENERGY 2020 

Twenty-nine measures, in addition to the utility DSM programs were tested. Tables 7-3 
through 7-5 provide overviews of the measures. The measures are not listed in order of 
priority or cost-effectiveness. The codes (e.g., m50) were used to identify the measures. 
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Replace exi$ng lighting wih halogen and compact IPLHC flourescents 111 resldenhal sector incremental cost 
utility rebate 50% of 

PWHC 
RWHCW 

RGWH 

Water heaing controls in residential sector state mandate All homes 
Promote sale of horizontal am’s dothes washers to 
residenS.4 customers incremental cost ment appliances 
Encourage fu?l ~ * t c h i n g  from electn‘city to gas water 
heatim in resldenhal sector incremental cost reolacement 

Utility rebate 50% of 

Utility rebate 50% of 

. New and ~ p t a c e -  

New and 

I I 
hRM Establish high efficiency residential refrigerator standards State mandate New and “place- 

ment a p p l i s  
RRSERP Establish super hi@ effiaency residential refrigetabr State mandate New and replace- 

Standards ment appliances 
RRHl Pm-mote the purchase of high effiaency refigerators in New and replace- 

resldenhal sector incremental cost m e n t a p p l i i s  . 
Utility rebate 5oDh of 

I I 
+courage the urchase of an efficient.technology - 

Imerowave do#es dryers for resldenbal customers 
Utility rebate 50% of 

lincremental cost 
hDHP 

RDMS 

Encourage the urchaseof an effcien!technology - Utility rebate 50% of 
heat pump doies dryers for resldenbal customers incremental cost 
Encourage the putchase of an efficient pu logy - utility rebab 5ooh of 
clothes dryer moisture Sensors for resldenhal customers incremental cost 

Table 7-4. Residential DSM Measures Tested with ENERGY 2020 
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Enwu the development and use of industrial solar Variable New and exjsting 

industrial sector 

p m % t  appl- 
IRS 

IBM m u i r e  the use of biomass in boilerslcogeneFators in Mandate All systems 

7.4. DSM PROGRAMS FOR OAHU 

A 

7.4.1. Description of OAHU Programs 

Each DSM measure was individually run in the ENERGY 2020 model to evaluate its 
effectiveness. The results of the screening are lengthy and will not be reproduced here. 
The next step after the preliminary screening was to group the various DSM measures into 
programs. Five DSM programs were developed to test different levels of DSM on utility 
peak demand, sales and costs, oil use and greenhouse gas emissions. No DSM measure 
was rejected in all scenarios, however some measures were be combined to be run in the 
same simulation. These changes are summarized below. 

Three transportation measures were bundled into programs from among the five simulated. 
TD50 and ?TMT are two measures aimed at the same end-use with a similar delivery 
method TD50 was chosen for all packages because TI"T increased total resource costs 
($WM on average per year) compared to TD50's $61 million but had a smaller relative 
effect on oil use and a very small further reduction in emissions. The TVElO run, a 
revenue neutral 10 percent increase in vehicle efficiency, was run more as a sensitivity test 
than as a DSM measure and was eliminated from the programs. 

Some residential measures had to be combined and some were eliminated. Of the four 
refrigeration measures, the very high efficiency standard (RRM) was selected because it 
produced a more dramatic effect on sales and peak demand than the rebate and the high 
efficiency standard and passed the TRC test, as was the second refrigerator removal 
measure (RR2). For the drying end use, heat pump dryer and moisture sensor rebates 
were combined into one measure (RDHP/RDMS); and microwave clothes dryers (RDMW) 
were omitted. If both types of dryers were included, they would compete with each other 
and it would be difficult to calculate the effects of this competition. The effectiveness of 
moisture sensors was reduced because of the increased efficiency of the new dryers. The 
gas water heating rebate (RGWH) was eliminated as well due to its limited success and 
difficulty in administering the measure in a program. Both residential lighting measures 
(RLHC and RLT8) were combined into a single lighting rebate. The total number of 
residential DSM measures was reduced to ten, using twelve of the technologies. 

AU the commercial measures appear in at least one program, with the two lighting measures 
combined into one lighting measure (CLSO/CLCFL) including rebates on both T-8 lamps 
and compact flourescents. Both industrial measures weF included in all the programs. 

In general, DSM measures that performed well in screening but raised electricity rates 
slightly were started later in the planning period. Measures that did not appear in all five 
programs were run at least twice, starting in 1995 and again in 2000 before they were 
eliminated 
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Table 7-6 shows the composition of the different DSM programs. Tables 7-7 to 7-10 show 
the effects of each Oahu DSM Program compared to the BaseZine 2020 forecast. 

Table 7-6. Compositwn of DSM Programs for  Oahu 

7.4.2. Effects on Energy Demand and the Economy 

The changes in energy demand and economic variables were consistent and predictable for 
all levels of DSM. The more DSM employed, the greater the reduction in fossil fuel use. 
Renewable energy use fust increased and then decreased as more DSM was added. Six 
measures contributed to changing the amount of renewable energy consumed: residential 
solar water heating and photovoltaics, commercial sea water air conditioning, industrial 
solar process heat., biomass in industrial boilers, and AFV. The commercial sea water air 
conditioning measure and the residential photovoltaics measures were only offered in 

~~ 

Tuble 7-7. Effects of DSM Measures on the Economy and Energy Needs of Oahu 

. .. .. . . - 
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DSM4 and DSM5, increasing the amount of renewable energy used. However, in DSM4 
and DSMS, subsidies on mass transit were also offered, offsetting the effectiveness of the 
promotion of AFV by reducing the amount of renewable energy used. The difference in 
renewable energy use between DSMl and DSM2 resulted in part from different plant load 
factors. 

Average Real Price of Electricity 2014 0.01 0.04 021 0.74 0.74 
pnts/kWh) 
Generation Capacity (rJrw) 2014 -15 -42 -141 -141 -141 
Total Resource Cost lmiliion 6931 20 vr. ava. -71 -77 -76 170 172 

Gross regional product and employment increased primarily as a result of the transportation 
measures. G W  and employment declined between the DSM3 and DSM4 programs, the 
result of the reduced effectiveness of the AFV measure. 

P e a k D e m a n d o  2014 8 1  -82 -1 12 -190 -1 96 
Total Electricity sales (GWh) 20yr.avg. -71 -1 07 -1 82 -425 -486 
Total Gas Sales (lBtu) 20yr.avg. 0.12 0.12 0.13 0.08 0.08 

7.4.3. Effects on Prices and Electricity Generation Building 

The surprising result that emerged when looking at prices and electricity generation 
building shown in Table 7-8 was that three of the DSM programs -- DSM3, DSM4, DSMS 
-- a l l  decreased electricity generation building by the same MW capacity by 2014, although 
the timing was different. The principal difference was a strong lighting measure 
(CL5O/CLCFLJ which was run only in the last three programs because electricity prices 
would be increased more by earlier implementation. 

Depending on the criteria chosen, nearly every DSM program could be considered “best” 
when compared to Baseline 2020. DSMl had virtually no impact on electricity price, 
passed the total resource cost test, and reduced capacity by 15 MW. If the TRC test was 
the principal measure of success, then DSM2 would be preferred. For reducing electricity 
generation building at minimum cost, DSM3 would be selected. If maximum DSM was 
desired, programs DSM4 or DSMS would be the best. Again, it is important to remember 
that these programs were evaluated against BaseZine 2020 which used utility selected 
generation plant types. 

Table 7-8. Effects of DSM Programs on Electricity Prices and Electricity Generation 
Building on Oahu 

7.4.4. Effects on Electricity and Gas Peak Demand and Sales 

As shown in Table 7-9, peak demand and sales were reduced as the level of DSM 
increased The spread on the decrease in sales was much larger than the peak demand 
reductions and occurred principally in the DSM4 and DSMS programs. This was due in 
part to the addition of the residential photovoltaics and the commercial sea water air 
conditioning and lighting rebates which reduced sales disproportionately to peak demand. 
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7.4.5. 

Emissions (M tons) 20yr.avg. 4.04 -0.3 4.39 4.7 4.8 
Oil Use (TBtu) 20 yr. avg. 5.6 -6.4 -6.48 -4.49 -9.1 5 

Oil Use (Btul$GRP) 20 yr. avg. -160 -1 85 -1 88 -243 -262 

Effects on Oil Use and Greenhouse Gas Emissions 

All variables selected for comparison in Table 7-10 moved predictably - emissions and oil 
use fell as DSM was increased. The biggest change occurred between DSM3 and DSM4 
when the mass transit subsidies were activated. Another large change in emissions and 
fossil fuel use occurred between programs DSMl and DSM2. This change was attributable 
principally to the application of a very high residential refrigeration efficiency standard. 

I(Fossil Fuel Use (WulSGRP) I 20yr.avg. I -161 I -213 I -230 I -284 I -304 I I  
Table 7-10. Effects of DSM Programs on Oil Use and Greenhouse Gas Emissions 

on Oahu 

7.5. DSM PROGRAMS FOR MAUl COUNTY 

7.5.1.  Description of Maui County Programs 

Each DSM measure was individually run in the ENERGY 2020 model to evaluate its 
effectiveness. The results of the screening are lengthy and will not be reproduced here. 
The next step after the preliminary screening was to group the various DSM measures into 
programs. Five programs were developed to test different levels of DSM on utility peak 
demand, sales and costs, oil use and greenhouse gas emissions in Maui County. 

From the three transportation measures simulated, two were bundled. The TVElO run, a 
10 percent increase in vehicle efficiency was run more as a sensitivity test than as a DSM 
measure and was eliminated from the programs. The TClO and TAV measures were 
combined into a single transportation measure. TAV (encouraging the use of alternative 
fuel vehicles) was slightly less effective given that TClO cut vehicle d e s  traveled by 10 
percent. 

Some residential measures had to be combined and some eliminated. From the four 
refrigeration measures, the very high efficiency standard (RRMS) was selected, producing 
a more dramatic effect on sales and peak demand than the rebate 0 and the high 
efficiency standard RRSERP), as was the second refiigerator removal measue (RR2). For 
the drying end use, heat pump dryer (RDHJ?) and moisture sensor rebates (RDMS) were 
combined into one program, microwave clothes dryers (RDMW) were omitted. If both 
were included, they would compete with each other and it would be difficult to calculate the 
effects of this competition. The effectiveness of moisture sensors was reduced to 
compensate for the increased efficiency of the new dryers. The gas water heating rebate 
@GWE€) was eliminated as well due to its limited success and difficulty in administering, 
and competition with the solar water heating mandate. Both residential lighting measures 
(RLHURL,T8) were combined into a single lighting rebate. The total number of residential 
DSM measures was reduced to ten (using twelve of the preliminary technologies). 

AU the commercial measures appeared in at least one program, with the two lighting 
measures combined into one lighting program (CLSOKLCFL) which includes rebates on 
both T-8 fluorescent lamps and compact fluorescents. Both industrial measures were 
included in all the packages. 
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In general, DSM measures that performed well in screening but raised prices slightly were 
started later in the planning period. Measures that did not appear in all five programs were 
run at least twice, starting in 1995 and again in ZOO0 before they were eliminated. 

The DSMS and DSM4 contained all the DSM measures; in DSM4 some were started later in 
the planning period. The number of measures was reduced until DSMl was simulated, 
which contained only electricity price reducing DSM using conventional technologies. 

Table 7- 11 shows the composition of the different DSM programs. Tables 7-12 to 7- 15 
show the effects of the DSM programs when compared to the Baseline 2020 scenario. 

Table 7-11. Composition of DSM Programs for Maui County 

7.5.2. Effects on Energy Demand and the Economy 

The economic effects of DSM.measures were positive in all scenarios and increased as the 
amount of DSM initiated increased. The initial increase (seen in DSMl) was a result of the 
transportation measure promoting “home-grown” ethanol and the counterbalancing effect it 
had on declining agricultural production. Maui, Hawaii, and Kauai all benefited from 
renewable energy production -- in this case sugar cane for ethanol production was 
modeled. However, results subsequently developed in Project 5 suggest other 
technologies may be more efficient. See the HES Project 5 report, Trmpurtatiun Energy 
Strategy. 

Most of the renewable energy use increase occurred in DSMl with the introduction of the 
alternative fuel vehicle promotion (TAV) and the mandate to use bagasse in industrial 
boilers (Il3M). The greatest drop in oil use occurred in the first DSM program as well, 
again due to these two measures. However, oil use declined steadily as more DSM was 
added. All of the programs met the constraint that DSM programs should do no harm to 

Hawaii Energy Strategy 7-1 2 



the economy. If oil and emissions reductions were principal goals, DSMS would be the 
best choice. (See Table 7-12.) 

Table 7-12. Effects of DSM Programs on the Economy and Energy Needs 
of Maui County 

7.5.3. 

The price and building patterns shown in Table 7-13 that emerged in the Maui simulations 
are unusual. The first three levels of DSM all deferred the same amount of capacity in 2014 
(although the pattern of building changes for each simulation). Only in DSMl was this 
deferment cost-effective when judged by either real average utility prices or the total 
resource cost assessment. What this implied was that DSM2 and DSM3 reduce more sales 
than peak: demand - desirable if oil use reduction was the principal goal but not the best for 
capacity deferment. DSM4 and DSMS defer the same amount of capacity as well; the only 
difference was the capacity deferment costs more in DSMS. Only DSMl met both the 
utility price and TRC cost-effectiveness criteria 

Effects on Prices and Electricity Generation Building 

Table 7-13. Effects of DSM Programs on the Elechicity Prices and Electricity 
Generation Building for Maui County 

7.5.4. Effects on Electricity and Gas Peak Demand and Sales 

Table 7-14 shows that peak and sales reductions were consistent with the level of DSM in 
the simulation -- the more DSM, the more peak and sales reduction. Again there appeared 
to be a relationship between the amount of peak reduction and sales reduction and the cost- 
effectiveness of the DSM measure. DSM programs which reduced peak with a minimal 
sales reduction were more cost-effective than those that have greater sales reductions. 

Table 7-14. Effects of DSM Programs on Electricity and Gas Sales 
and Peak Demand in Maui County 
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7.5.5. Effects on Oil Use and Greenhouse Gas Emissions 

The biggest savings in oil use came with the transportation programs and the bagasse in 
industrial boilers mandate begun in DSMl and continued in all the other programs. 
Additional DSM programs further reduced oil use but the additional savings was only about 
one third the savings acquired with DSM1. Since most of the oil savings was achieved 
through fuel switching measures (bagasse in industrial boilers (IBM) and ethanol in cars 
(TAV)), the emissions savings were not as large. Residential photovoltaic systems 
(RRPV) contributed to the decrease in emissions found in DSM4 and DSM5. If maximum 
oil use reductions and/or emissions reductions were primary planning goals, DSM5 would 
be the preferred program. (See Table 7- 15.) 

Table 7-15. Effects of DSM Programs on Oil Use and Greenhouse Gas Emissions 
in Maui County 

7.6. DSM PROGRAMS FOR HAWAII COUNTY 

7.6.1. Description of Hawaii County Programs 

Each DSM measure was individually run in the ENERGY 2020 model to evaluate its 
effectiveness. The results of the screening were lengthy and will not be reproduced here. 
The next step after the preliminary screening was to group the various DSM measures into 
programs. The five programs developed to test different levels of DSM on utility peak 
demand, sales and costs, oil use, and greenhouse gas emissions were the same programs 
as the ones used in the Maui simulations. No DSM measure was rejected in all scenarios 
even those measures that would produce minimal peak and energy savings. Table 7- 16 
shows the composition of the different DSM programs. Tables 7-17 to 7-20 show the 
effects of each DSM program when compared to the Baseline 2020 scenario. 
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Table 7-16. Composition of DSM Programs for Hawaii 

7.6.2. 

The net effect of DSM programs on Hawaii's economy and employment levels was 
distinctly positive. The largest employment and GFW increase occurred when the 
transportation measures were put into effect. 

Oil use declined over the planning period after the large initial decrease due to the 
implementation of transportation measures (TAV/TClO) and the mandate to qu i r e  burning 
bagasse in industrial boilers (IBM); reduced emissions followed the decline in oil use. The 
oil use decline was primarily from the effects of the DSM conservation programs. Based 
on the results below, if the goal was to reduce oil use, DSMS was the best program; any 
program fulfilled the minimum constraint of mating no significant negative effect on the 
economy. 

Effects on Energy Demand and the Economy 
i 

I 

Table 7-17. Effects of DSM Programs on the Economy and Energy Needs 
of Hawaii County 

7.6.3. 

The DSMl program lowered average electricity real prices by over 0.1 1 centkwh in 2014. 
Utility DSM programs were particularly cost-effective in Hawaii given the plant retirements 
HELCO has planned early in the forecast period. DSM programs reduced some of the 
demand that would have to be served with new capacity. The second level of DSM - 
DSM2 -- raised prices by less than two tenths of a cent per kWh. The first three levels of 
DSM passed the total resource cost assessment, The difference in DSM programs between 
level 4 and 5 was one of timing only and resulted only in an increase in costs with no 
increase in capacity deferment. If the planning goal was lowest cost ,DSMl would be the 
preferred choice when measured against Baseline 2020. Lf passing the TRC test was a 
stated goal, then DSMl, DSM2, and DSM3 would be acceptable. If deferring as much 
plant capacity as possible was what was desired, DSM4 would be the best choice. 

Effects on Prices and Electricity Generation Building 
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Table 7-18. Effects of DSM Programs on Electricity Prices and Electricity Generation 
Building in Hawaii County 

7.6.4. Effects on Electricity and Gas Sales and Peak Demand 

Electricity sales and peak demand were significantly reduced in all DSM scenarios. The 
biggest decrease in both occurred between DSM3 and DSM4. This was a result of the 
addition of air conditioning controls (RACC), residential photovoltaics (RRPV), and 
horizontal axis clothes washers (RWHC). Peak reduction required greater and greater sales 
reduction as DSM programs were added. DSMl achieved a 13 MW peak reduction with an 
average annual sales reduction of 11 GWh. DSMS required an average annual sales 
reduction of 95 GWh to achieve a 42 MW peak reduction. The sales reduction was a good 
indication of what the effect on prices would be. Large decreases in sales, particularly in 
the early part of the planning period u s d y  raised prices, even if retirements were high as 
they were in this case. However, if reducing peak demand was a top priority, DSMS was 
the best choice, although the heavy sales loss resulted in higher prices. If reducing sales is 
the top priority, again DSMS would be the best choice. 

Gas sales were not affected greatly in any scenario. Since DSM2 through DSMS raised 
electricity prices slightly, some price induced fuel switching occurred. 

Table 7-19. Effects of DSM Programs on Electricity and Gas Sales and Peak Demand 
in Hawaii County 

7.6.5. Effects on Oil Use and Greenhouse Gas Emissions 

Since most of the incremental decreases in oil demand resulted from DSM programs that 
were comervation or encouraged fuel switching to combustible sources, the emissions 
decreases followed the drop in oil use. The difference between fossil fuel use and oil use 
was due to a drop in coal use. If oil use was of primary concern, DSMS performed best. 

Table 7-20. Effects of DSM Programs on Oil Use and Greenhouse Gas Emissions 
in Hawaii County 
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7.7. DSM PROGRAMS FOR KAUAI 

7.7.1. Description of Kauai Programs 

Each DSM measure was individually rUn in the ENERGY 2020 model to evaluate its 
effectiveness. The results of the screening were lengthy and will not be reproduced here. 
The next step after the preliminary screenjng was to group the various DSM measures into 
programs. Table 7-21 shows the composition of the different DSM programs. Tables 
7-22 to 7-25 show the effects of each DSM program when compaxed to the Baseline 2020 
scenario. 

.. 

Table 7-21. Composition of DSM Programs for Kauai 

Again; DSM measures were combined into five packages to test different levels of DSM on 
utility peak demand, sales and costs, oil use and greenhouse gas emissions. These 
packages were basically the same as the ones developed for Maui with one important 
addition. A standard water heating measure similar to the ones offered by HELCO and 
MECO was added to the analysis in all scenarios since the KE DSM programs were not 
available at the time of this analysis. 

7.7.2. Effects on Energy Demand and the Economy 

As summarized in Table 7-22, all DSM programs had a positive effect on GRP and 
employment in Kauai due primarily to the inclusion in every program of the transportation 
measure promoting alternative fuel vehicles (TAV). This measure encouraged agricultural 
production and compensated for the loss of sugar production in the state. Kauai got a 
disproportionate share of this gain. Renewable energy use increased slowly with each 
additional increment of DSM. Most of this increased use came from the mandate to burn 
bagasse in industrial boilers (IBM). This measure was in all the programs. The additional 
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small increases in renewable resource use came fi-om load shifting -- more baseload 
bagasse-fired plant was used. 

Oil use declined steadily over the planning period, again with the big drop occurring with 
the first increment of DSM which contained the boiler mandate described above and all the 
transportation measures. Additional oil savings came from the additional DSM measures 
added to each program. Since all programs benefited Kauai economically, the constraint 
that DSM programs “do no harm” did not eliminate any DSM program. 

Table 7-22. Effects of Kauai DSM Programs on the Economy and Energy Needs 

7.7.3. Effects on Prices and Electricity Generation Building 

All DSM programs raised prices on Kauai (when compared to the baseline assessment) 
because of the large amount of excess capacity that existed on the island and the limited 
opportunities to delay new construction. Even with program DSMl that contained many 
delayed programs, the price rose by nearly one half cent. Yet the benefits, when calculated 
on a county wide basis show total resource costs falling with the implementation of all 
DSM programs. DSMl had the lowest price increase coupled with the highest reduction in 
total costs; it would be the appropriate choice for either electricity price minimization or 
minimiiration of total mource cost. If reduction in generation capacity was the goal, 
DSMS, with a reduction of 39 MW, would be the best selection. 

Table 7-23. Effects of Programs on the Electricity Prices and Electricity Generation 
Building on Kauai 

7.7.4. Effects on Electricity and Gas Peak Demand and Sales 

Total sales and peak demand fell consistently with the implementation of higher levels of 
DSM. The biggest increments of savings occurred when implementing the first level of 
DSM, DSMl and the fourth, DSM4. Commercial air conditioning rebates (CACHU 
CRACHI, air conditioning controls (RACC) and horizontal axis clothes washers 
(RWHCW) accounted for much of the daerence between DSM3 and DSM4; residential 
water heating (RWHS, RWHC, RWHP) and commercial lighting measurn 
(CLSO/CLCFL) produced the initial savings in DSM1. If the planning goal was to 
minimize the need for new generation resource%, then DSMS was the appropriate program. 
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Total gas sales increased slightly, due in part, to the higher electricity prices causing a little 
price induced fuel switching. 

Table 7-24. Effects of DSM Programs on Electricity and Gas Sales and Peak Demand 
on Kauai 

7.7.5. Effects on Oil Use and Greenhouse Gas Emissions 

The biggest reductions in oil use came with the transportation measures (TAV/TClO) and 
the bagasse in industrial boilers mandate (IBM). The effects of these measures appeared in 
DSM1. Additional DSM measures further reduced oil use but the additional savings were 
less than one third the savings acquired with DSM1. Since most of the oil savings was 
achieved through fuel switching measures (bagasse in the boilers (IBM) and ethanol in cars 
(TAW), the emissions savings were not as large. If the goal was to maximize oil 
reduction, DSMS was the best choice for Kauai, minimizing emissions could be 
accomplished by any DSM program. 

Table 7-25. Effects of DSM Programs on Oil Use and Greenhouse Gas Emissions 
on Kauai 

7.8. CONCLUSION 

In Chapter 8, all twenty DSM programs (five programs for each of the four counties) 
defined in this chapter were used in the procedure developed to determine the optimal 
supply portfolios and DSM programs combination for each island to meet different state 
planning objectives under different assumptions about the future. As we wiU see in the 
next chapter, DSMl was used in each scenario in each county. 
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CHAPTER 8: SCENARIO ASSESSMENT 
8.1. SCENARIO ASSESSMENT METHODOLOGY 

8.1 .I. Introduction 

The purpose of this chapter is to analyze three scenarios developed by the DBEDT Energy 
Division which incorporate preferred resource options that would move Hawaii’s energy 
system toward the state’s statutory energy policy objectives. These objectives are outlined 
in Section 226-18(a) of the Hawaii Revised Statutes, as amended by Act 96, Session Laws 
of Hawaii 1994. They include : 

Depedzble, eflcient, and economical state-wide energy systems capable of 
supporting the needs of the people; 

Increased energy selfsuficiency where the ratio of indigenous to imported 
energy use k increased and 

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

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

Cost-Effective Energy Diversification (CEED); 

Maximum DSM/Maximum Renewable Energy (DSM/RE); and 

Energy Security (ES). 

8.1.2. Description of the.  Scenarios 

8.1.2.1. COST EFFECTIVE ENERGY DIVERSIFICATION 
SCENARIO (CEED) 

The objective of the Cost Effective Energy Diversification scenario was to provide for 
Hawaii’s future energy needs while mhimhing the total costs of energy use. The costs 
included both consumer and utility costs, and capital as well as fuel costs over the entire 
planning period. Cost-effective DSM, other efficiency measures, and renewable resources 
were used along with fossil fueled energy sources. Cost minimization was subject to 
impacts on Hawaii’s economy, emission levels, and fuel diversity. Income distribution 
concerns represented by the effects of DSM policies on energy prices were also constraints. 

Since demand for ground transportation fuel is a large component of Hawaii’s oil demand, 
reducing demand in this sector or diversifying the fuel used was important. Because 
Hawaii’s oil is imported and its purchase creates an economic drain on the economy, any 
fuel substitution that used indigenous fuel was particularly desirable. Cost-effective in this 
case included not only a favorable indigenous fuel price but also positive general economic 
effects such as increases in personal income and employment 
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8.1.2.2.  MAXIMUM DSMIMAXIMUM RENEWABLE ENERGY 
SCENARIO (DSWRE) 

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

There were potentially large opportunities for the use of renewable resources in the ground 
transportation sector. Ethanol could significantly reduce oil use over the planning period. 
However, ethanol production could be limited by land availability more than by cost. 
Because of the difficulty of estimating the cost of land conversion, only the maximum 
amount of ethanol that could be produced on existing agricultural land was used. 

Efficiency improvements and conservation measures were possible in the transportation 
sector as well. Programs that improved fuel efficiency in ground transportation vehicles 
and programs that reduced vehicle miles traveled were both investigated in this scenario. 

8.1.2.3.  . ENERGY SECURITY SCENARIO (ES) 

Under the Energy Security scenario, Hawaii's oil dependence was reduced using the 
maximum combination of DSM, efficiency measures, non-oil energy resources, and non- 
oil transportation policies. The outcome approached the technical potential for the 
reduction of oil use in Hawaii. This scenario differed from DSM/RE by considering coal 
as an alternative to oil. As with DSM/RE, total dollar energy cost was not of primary 
importance, although negative effects on the total economy were a constraint 

Since ground transportation uses large amounts of oil and most vehicles cannot easily use 
substitute fuels, improving Hawaii's energy security means providing alternative fuels in 
the ground transportation sector. This scenario encouraged the use of the maximum 
amount of an alternative fuel (ethanol) that could be produced using available agricultural 
land and contains programs that offered subsidies for alternative fuel and electric vehicles. 

8.1.3. Analysis of the Scenarios 

When asked what would constitute a desirable energy supply, usual responses from 
consumers include low cost, reliability of supply, and few emissions. To some extent 
these goals are in harmony. For example, some DSM and energy efficiency programs can 
be less expensive than new electricity generation, are reliable, and reduce emissions. But 
sometimes the goals conflict -- some new renewable resource technologies may reduce 
emissions and encourage supply diversity, but may not deliver the reliability of the fossil 
fuel technologies, or can be relatively more expensive. 

In Chapter 6, the Baseline 2020 energy forecast simulated Hawaii's energy future with the 
demand side management programs proposed by the utilities in their integrated resource 
plans and other non-utility efficiency measures. In Chapter 7, additional DSM, efficiency, 
and transportation measures developed in the HES program were evaluated against 
Baseline 2020. These measures were analyzed as to their effectiveness and the effective 
measures were bundled together into programs for inclusion in the three scenarios in this 
chapter. 
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In this Chapter, a set of supply portfolios for each county was developed and a variety of 
energy supply selections were tested against Baseline 2020 to determine which supply 
selections should become part of the three scenarios.. Finally, those DSM program and 
energy supply selection combinations that worked best in each scenario were further tested 
in Section 8.6 against different futures using a variety of combinations of economic growth 
rates and fuel prices. Figure 8-1 diagrams the process. 
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Figure 8-1. Procedure for Selecting Preferred Plans 

8.1 A. Assessment of Progress Toward Objectives 

This section describes the variables used in creating the scenarios. All variables were either 
part of the objective function to be maximized or minimized, such as cost minimization; or 
operated as a constraint on the objective function, e.g., negatively affected the economy. 
Table 8-1 summarizes the variables used in the analysis and the scenarios in which they 
were used. All analyses were multi-attribute and required some value judgments to be 
made. No single variable value determined the success of the scenario in question 
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Two monetary variables were considered -- average real electric price over the planning 
period and the average yearly total resource cost over the same period. 

Average real electricity price represents the price paid for electricity by utility customers; 
however, an increase in price is only an unambiguous increase in total utility energy costs 
for customers who are not participating in DSM programs. Customers who participated in 
DSM programs experienced lower total biUs even though electricity rates increased since 
they used less electricity. This total bill concept was captured in total resource cost. 
Average real electricity price helps the analyst understand some of the income distributional 
effects of a paaicular policy which are important when evaluating equity considerations. 
For example, a large scale DSM program instituted when a utility has excess capacity can 
raise electricity costs for non-participants since the average price per kwh increases. 
However, it was cost-effective from a total resource cost perspective since the total cost of 
the utility energy resource falls. If the rate increase is significant, there may be a question 
of fairness, and some attempt to compensate those affected who cannot take advantage of 
DSM initiatives might be made. 

Total resource cost is the ENERGY 2020 version of the total resource cost test -- dollar 
values lower than Baseline 2020 indicate a "good" policy measure. Total resource cost 
includes the cost of transportation programs as well as programs targeted at the utility 
energy systems, such as renewable energy. However, to estimate the full benefits of some 
of the transportation programs, their effects on the economy had to be considered in 
addition to resource cost. For example, replacing imported oil with IocaUy produced 
ethanol could have positive economic benefits that could outweigh small increases in 
mource costs. It matters where the costs are paid -- dollars spent in the local economy for 
locally produced fuels had a far different effect on the economy than dollars which left 
Hawaii to purchase fuel from out-of-state. 

Gas sales, electricity sales, and electricity peak demand were also considered. Generally, 
reducing the size of any of the three factors, dl else remaining equal, is considered 
progress in each of the three scenarios. Gas sales were included because some electricity 
DSM or efficiency policies may shift electriety sales to gas, overstating the effect on total 
energy sales reduction. Reducing peak demand when the utility required new capacity 
might allow that capacity to be deferred and was theIcfore usually desirable. However, 
there were instances during periods when excess capacity existed where peak reduction 
programs can raise rates and may, under certain conditions, be undesirable. 

Oil use, coal use, and total fossil fuel use, both in the aggregate and on a Btu/$GRP basis, 
provided information about the effects of a scenario on Hawaii's dependence on these fuels 
in relation to the Baseline 2020 scenario. This was the principal indicator of the 
effectiveness of transportation policies which were designed to reduce oil use through fuel 
substitution and conservation. Some renewable energy and transportation programs had 
positive effects on GRP and theRfore influenced both the numerator and denominator of 
the oil use per dollar of GRP ratio by simultaneously reducing Btu and increasing GRP. 

Generating capacity, both in total and by fuel, indicated how well a particular policy 
reduced demand and reduced oil dependence by using more renewable resources. This 
variable showed the effects on the utilities whereas total oil use showed the effects on 
transportation as well. 
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Table 8-1. Variables Used in the Scenarios 

8.1.5. The Supply Portfolios 

This section contains the supply portfolios for the utility electricity systems developed to 
meet the goals of the three scenarios: Cost Effective Energy Diversification (CEED), 
Maximum DSM/Maximum Renewables (DSMRE), and Energy Security (ES).  These 
supply portfolios resulted in a schedule for plant additions to meet the needs of each 
scenario. There are general differences between all the portfolios designed for the 
scenarios and the Baseline 2020 scenario. All alternative portfolios reduced construction of 
oil-fired generation -- some even precluded its use. The plant timings differed from the 
Baseline 2020 scenario since more DSM was implemented which delayed the need for 
construction of additional generation. In every case, if two or more renewable resources 
could perform equally well at a given point in time, the least expensive was chosen. 

8.1.6. The Oahu Supply Portfolios 

Tables 8-2a and 8-2b present the renewable energy resource supply portfolios developed 
for Oahu. They were based on the HES Project 3, Renewable Energy Assessment and 
Development Program, and the HECO IRP. 

There were actually two renewable supply portfolios. The first, in Table 8-2a, included on 
current renewable energy technologies and their costs. On Oahu, wind generation is 
operational at K a h h  and could be placed at Kaena Point; solar photovoltaic power 
facilities could be placed at Pearl Harbor, Lualualei, or on the North Ewa Plain. Wave 
power could be harnessed at Makapuu and Kahuku Point. However, Oahu has no suitable 
potential hydroelectric power sites and sugar operations producing electricity from bagasse 
and oil will close by 1996. Plans to mume power generation using banagrass at one 
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former Oahu sugar plantation were announced in June 1995. This information was not 
available for model runs and it remains to be seen whether the plans will be realized. 
Currently available renewable energy technologies included biomass, wind, and 
photovoltaics. Batteries can be used as supplements to insure availability of power to meet 
peak demand since power from intermittent resources such as wind andphotovoltaic power 
may not always be available. In the current technology supply portfolio, wind 
supplemented with battery storage and biomass were the least expensive firm capacity 
technologies. When making energy supply selections, costs, supply diversity, and 
reliability were all taken into account. 

Table 8-2a. Current Supply Portfolio for Oahu 

Table 8-2b depicts the renewable energy technologies expected to be available after 2004. 
Future technologies included additional biomass plants, OTEC, and wave power. 
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Table 8-2b. Future Supply Portfolio for Oahu 

Note the difference in costs between OTEC 1 and OTEC 2. The costs for OTEC 1 were 
estimated by Project 3. These costs were clearly not competitive based upon current 
economic forecasts. However, based upon cost figures provided by a developer who 
intends to construct an OTEC facility in India, a 100 Mw plant was modeled for Oahu as 
OTEC 2. Such a facility was selected by the ENERGY 2020 model as cost-effective and is 
included in the Oahu portfolios for the three scenarios. Should such costs not be 
achievable, another similarly priced renewable technology could be substituted. 

Creating the two supply portfolios for non-traditional resowces did not provide enough 
information to make energy supply resource selections with confidence. What was needed 
in addition to the supply portfolio were measurements of the effects of changing prices 
from generation substitution, information regarding the effects of integration of fossil fuel 
resources in the selection, and the plant size needed to meet demand requirements. For 
example, a biomass plant might be a relatively inexpensive resource but might not be 
available in the size needed to meet demand in a given year or in a size comparable to a 
fossil fuel plant. A set of simulations was designed to test different mixes of traditional and 
non-traditional resources and adjust the timing of fixed capacity additions in response to 
price-induced demand changes. These runs were used to provide additional information 
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when making the energy supply selections for each scenario beyond the supply port€olios 
already developed. They were run for information only and did not represent a preference 
for one type of resource over another and the results are not presented here. The energy 
supply selections tested were chosen on the basis of information obtained from these tests 
as well as from the supply curves. 

In the simulations described, biomass and coal plants appeared to be the least cost 
alternatives to oil-fired plants. Other potentidy effective renewable resources include 
wind, wave, and photovoltaics. While some small increases in prices and total resource 
costs resulted from the inclusion of these technologies, they offered sisnificant oil 
reduction and provided additional resource diversification. 

8.1.7. The Maui County Supply Portfolios 

Table 8-3a. Current Supply Portfolio for Maui County 

Tables 8-3a and 8-3b illustrate the renewable resource supply portfolio developed for Maui 
County from information contained in the HES Project 3 Report and the MECO IRP. As 
we saw in the Oahu simulations in section 8.1.6, there are two supply portfolios. One was 
based the types and costs of current renewable energy technology. The second supply 
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portfolio made assumptions about improved technologies available in 2004 and assumed 
that costs for current technologies will decline in the future. 

PV Foced 

PV Foced 
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PV Fixed plus Battery 

Some potential renewable resources could be developed now for use in Maui County. , 
Biomass from organic waste, tree crops, and sugar cane can produce electricity in the 3.5 
cent to 9 cent per kwh range. Wind sites at NW Haleakala and Puunene could produce 
power in the 8.8 cent to 14.3 cent per kwh range. After 2004, wave power at Opana 
Point, Lower Paia, and Waiehu Point was also feasible. 
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Many cost-effective renewable resource.choices appeared feasible as substitutes for oil- 
fired generation in Maui County. There appeared to be no trade-off necessary between 
supply diversity and least cost. Biomass and wind resources were less expensive than oil- 
fired generation and reduced emissions as well. Coal was not a cost-effective option for 
Maui due to the lack of economies of scale. Smaller coal plants were possible, but they 
were very expensive. 

8.1.8. The Hawaii County Supply Portfolios 
Tables 8-4a and 8-4b illustrate the renewable resource supply data developed for Hawaii 
County from information contained in the HES Project 3 Report and the HELCO IRP. 
Table 8-4a was based on current technology types and cost. The second set, Table 8-4b, 
included assumptions about technological improvements available in 2004 and assumed 
that costs for c m n t l y  available technologies will decline in the future. 

The Big Island of Hawaii had the greatest selection of renewable resources from which to 
choose. Hawaii was the only county with demonstrated available geothermal resources. 
As shown in the supply data, geothermal resources were relatively low cost. Hawaii also 
had a potential hydroelectric power plant site on the Umauma River. Land for biomass was 
available and there were several potential wind and solar sites. In total, Hawaii had at least 
seventeen potential renewable resources with a cost per kWh of under nine cents, most 
available during the first ten years of the planning period. 

Table 8-4a. Current Supply Por@olio for Hawaii County 

Renewable resources showed great potential for being cost effective as well as deferring 
new oil-fired generation on Hawaii. The renewable resources tested were more cost 
effective than coal fired generation as well. Given the selection of renewable resources and 
the estimated cost of development, a cost-effective portfolio for Hawaii could be rich in 
supply diversity and significantly less dependent on oil-fired resources. 

Project 3 developed additional information on potential future geothermal plants subsequent 
to the analysis performed in ENERGY 2020. The consultants estimated that an additional 
50 M W  of geothermal could provide energy at a cost ranging from 3.28 to 6.41 cents per 
kWh and a 25 MW plant could provide energy it 3.84 to 7.73 cents per kWh. Geothermal 
was rated as a “future7’ technology in the Project 3 study because, although the technology 
is proven, it is expected that the permit process for additional geothermal development 
would be lengthy. 
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Table 8-4b. Future Supply Portfolio for Hawaii County 

8.1.9. The Kauai County Supply Portfolios 

Renewable resource supply data was developed for Kauai from information contained in 
the HES Project 3 Report and the Kauai Electric IRP. Table 8-5a, below, was based on 
current renewable energy technologies. The second supply data set, Table 8-5b, was based 
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upon assumptions about the technologies available in 2004 and assumed that costs for 
current technologies will decline in the future. 

Kauai has a potential hydroelectric site on the Wailua River capable of delivering power at a 
little over seven cents per kwh. Other relatively inexpensive renewable resources projects 
include development of potential wind sites at North Hanapepe, Anahola, and Port Men; 
solar power development at Barking Sands; and a variety of potential biomass facilities. 

Table 8-5a. Current Supply Portfolio for  Kauai County 
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Table 8-5b. Future Supply Portfolio for  Kauai County 

Unlike the other coimties, renewables were not unambiguously cost effective on Kauai. 
Some trade off between least cost electricity generation and supply diversity is necessary 
when designing supply portfolios. 

The next three sections will describe each of the three scenarios -- Cost-Effective Energy 
Diversification, Maximum DSMflMaximum Renewable Energy, and Energy Security -- 
which were run against Baseline 2020 in ENERGY 2020 to test the DSM, energy 
efficiency, and energy supply resources selected to meet the goals of each scenario. 

8.2. THE COST-EFFECTIVE ENERGY DIVERSIFICATION (CEED) 
SCENARIO 

8.2.1. Introduction 

In this section, the Baseline 2020 demand assumptions, the renewable energy resource 
supply portfolios presented in the previous section, and the information derived from the 
energy supply selection test runs just discussed were used to develop supply portfolios for 
each county which best met the goals of the CEED scenario. 

8.2.1. CEED Scenario Objectives 

The goal of the CEED scenario was to minimize the total resource cost of energy use while 
increasing supply diversity. Cost-effective DSM, efficiency measures, and renewable 
energy resources were used to the extent possible along with oil- and coal-fired resources. 
As stated before, renewable energy resources were often cost-effective technologies for 
each county. As a result, the supply diversityAeast cost trade-off was not a significant 
problem in most of the counties and the CEED supply portfolios often resembled the 
DSM/RE and ES portfolios. AU scenarios used the assumption that only existing 
agricultural land wiU be used for alternate transportation fuel production. 

8.2.2. The CEED Scenario 

A DSM program, described in Chapter 7, was selected for each county and coupled with a 
supply portfolio based on the following four criteria: 

Hawaii Energy Strategy 8-13 



(1) Minimized total resource cost while preserving and enhancing supply 
diversity wherever possible. 

(2) DSM programs were used first until the marginal cost of an additional 
increment of DSM was greater than the marginal cost of the first increment 
of energy supply. 

(3) 

(4) 

Renewable energy and non-oil fossil power plants replaced new oil plants 
projected in Baseline 2020 only if cost-effective. 

The reliability of renewable energy plants was considered equal to fossil 
fuel plants. Intermittent renewable energy resources (e.g., wind plants), 
supplemented with battery energy storage systems were added to the 
resource mix. The gross plant described in total capacity below included 
both the capacity of the intermittent resource and the capacity of the 
batteries. In meeting peak demand, net plant (battery capacity only) was 
used to determine reserve margins. 

DSM PROGRAMS FOR THE CEED SCENARIO 8.2.2.1. 

Oahu 

The DSM program selected for Oahu in this scenario was DSMl, a group of transportation 
efficiency measures and utility-sponsored DSM measures designed to cut energy use over 
the planning period. This program included two transportation efficiency policy packages 
and seven DSM measures. In addition to those already offered by the utilities in their 
Ws,  four residential, one commercial, and two industrial DSM measures were 
implemented. The other DSM programs developed in Chapter 7 had higher marginal costs 
that the first increment of additional energy supply. 

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

Of the residential programs, only one was started immediately -- the mandate requiring that 
60% of new housing have solar hot water heating. The other three programs: removal of 
second refiigerators, utility rebates on heat pump clothes dryers, and a mandate requiring 
water heating controls on all residential homes with electric water heating were started in 
2000 to minimize electricity rate increases. For the same reason, the commercial lighting 
rebate began in 2000 as well. The industrial programs started in 1995. Offering solar 
process heating rebates resulted in some load building for the electric utilities since the 
electric back-up service was required. Mandating the use of bagasse in industrial boilers 
was feasible in this scenario because of the large increase in sugar production for use in 
making ethanol modeled in the supply-side portion of the scenario. 

Table 8-6 summarizes the elements of Oahu DSM Program 1 and Table 8-7 shows the 
change from Baseline 2020 as a result of implementing the program in the ENERGY 2020 
model. 

, 
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RWHC 
CLCFL 
IRS 
IBM 

Table 8-7. Results of Implementing Oahu DSMI Program 

The DSMl program had positive effects on the economy, increasing. GRP by 38 million 
dollars largely due to the subsidy of ethanol production. Employment increased by 643 
jobs. Oil use declined as did emissions. The electricity DSM programs reduced peak 
demand by 61 MW. This reduced capacity requirements by 15 MW by 2014; electricity 
sales declined as well. The total cost of energy resources was reduced by $71 million per 
year over the 20-year planning period. 

Mandate residential electric water heating conids 
Utiliitysponsored commercial compact fluorescent lighting rebate 
Utility-sponsored industrial solar procass heat rebate 
Mandate the use of bagasse in industrial boilers 

20 
2ooo 
1995 
1995 

Transportation policies significantly reduced oil demand. Implementing the E10 
requirement reduced gasoline consumption by ten percent. Although the assumption was 
that the penetration of alternative-fuel vehicles (AFVs) would be slow, the number of A F V s  
rose steadily from 182 in 1996 to 138,800 by 2014,117,OOO were alcohol fueled cars. 
The number of electric vehicles increased to l0,OOO by 2014, helped in part by fleet 
conversions. The replacement of conventional ground transportation with AFV reduced 
gasoline use an additional 11% by 2014. 

DSM programs were less effective on Oahu, and throughout the state in general, than in 
states that have electricity loads with pronounced temperature sensitive peaks. Hawaii's 
lack of temperame sensitive load gave utilities better load factors than many mainland 
utilities. Large peak reductions that cause plant deferral are what make DSM truly cost- 
effective. However, there was considerable room for DSM programs. The utility 
programs already in BaseZine 2020 were cost-effective as were the seven programs used in 
this scenario. The saturation of air conditioning increased and created a larger temperature 
sensitive load, changing Oahu's electricity load shape. As this occurs, additional DSM 
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programs should be evaluated to help reduce peak demand from the increasing air 
conditioning load. 

Maui County 

The Maui County DSM program, shown in Table 8-8, was also DSMl for the reasons 
described above. All transportation programs tested for Maui were included in this 
scenario and the same type of DSM programs proposed for Oahu were in the DSMl 
program for Maui. In the utility sector, the emphasis was on residential programs, 
principally because the large high efficiency commercial lighting program, already 
proposed by MECO in its IRF) was included in the Baseline 2020 scenario. 

Table 8-8. Maui DSMl Program Description 

Table 8-9. Results of Implementing Maui DSMl Program 

As shown in Table 8-9, in spite of Maui’s much smaller population, employment increased 
by 300 jobs which was half as large as the increase in employment on Oahu because of 
new agricultural employment related to modeled alternate fuel production. GRP increased 
by 21 million 1993 dollars. Electricity peak demand and sales were reduced; however the 
reduction in peak demand had a greater effect on capacity construction on Maui because of 
timing differences. The total resource cost change was zero -- the transportation policies 
reduced the total mource cost but the DSM programs increased it and offset the effect, 
even at the smallest level of DSM. However, the DSM programs achieved a significant 
reduction in oil use at no additional cost to society. 
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Hawaii County 

The Hawaii County DSM program, shown in Table 8-10, was also identical to the Maui 
1 and Oahu programs and the results, as shown in Table 8-11, were similar. The impact of 

the transportation programs on employment and GRP was very strong, which is reasonatile 
in view of the Big Island’s agricultural base. Employment increased by 430 jobs and GRP 
by 27 million dollars. Peak demand and sales were cut by 9 M W  and 10 GWh 
respectively. This reduced oil demand by over 1 TBtu per year over the planning period, 
causing a small decline in emissions. Total electric generation capacity requirements were 
reduced by 17 MW in 2014. 

Table 8-10. Hawaii DSMl Program Description 

There was a small electricity price decrease and total mource cost declined by $22 million. 
Part of the result can be attributed to the large number of early plant retirements .which had 
to be replaced. DSM programs became more effective in such a scenario. 

-17 

a314 2014 

Employment a014 430 b’otalGeneratilw 

Table 8-11. Results of Implementing Hawaii DSMl Program 

Kauai 

As shown in Table 8-12, Kauai’s preferred DSM program was also DSM1. Because 
Kauai Electric’s DSM programs were not available for inclusion in the ENERGY 2020 
model runs used to create Kauai’s Baseline 2020; residential water heating and commercial 
lighting programs were started “from scratch” rather than being added. As a result of this, 
the reduction in sales and peak demand was significantly greater than on other $lands. 
Kauai’s economy also benefited from the alcohol fuel production transportation programs, 
because of its agricultural base. 

~~ 

Hawaii Energy Strategy 8-17 



Table 8-12. Kauai DSMl Program Description 

Table 8-13. Results of Implementing Kauai DSMl Program 

Gasoline demand declined by about 10% with the introduction of E10 and by about another 
10% as alternative fuel vehicles became available. Kauai benefited further from the ethanol 
production subsidy with over 70 direct jobs created in the agricultural sector out of a total 
of 159 new jobs created by 2014. 

Although the total resource cost fell, the average electricity price increased when DSM 
measures were added, except for the solar water heating mandate. Kauai's energy demand 
was greatly reduced relative to capacity in 1992 due to the damage caused by Hurricane 
Iniki. Since DSM measures also slowed demand growth and Kauai's system was so 
small, even small plant additions took time to become fully used. If the demand growth 
rate slowed even further, then the new generation remained underused for longer periods of 
time, causing electricity price increases. However, it should be noted that Kauai's average 
electric prices fell over the planning horizon in all scenarios; therefore, the average real 
price of electricity depicted in Table 8-13 was taken from a price that was stiU lower than 
the price in 1995. (Note: this discussion and the scenario runs did not take rate increases 
proposed in 1995 to cover repairs to damage to the KEi system into account.) 

8.2.2.2. SUPPLY PORTFOLIO FOR THE CEED SCENARIO 

Oahu 

Table 8-14 shows the capacity additions and retirements in the CEED supply portfolio for 
Oahu. The retkments were based on those projected by HECO in its IRP with the first oil 
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steam plant retirement delayed one year. In this simulation, where cost-effectiveness was 
an important factor, some oil-fired new generation was used. The first plant needed, in 
2005, was a 45 MW oil steam plant - the most cost-effective option at that time. The coal- 
fired plant, Barbers Point refuse plant, and OTEC facilities at Kahe Point were also cost- 
effective. Batteries were used in 2014, coupled with a 30 MW wind facility at Kahuku. ' 
The total gross generating capacity built over the planning period was 480 Mw, net 
generation was 450 MW. Less than 10% of the new generation capacity was oil-fired. 
Note that only significant years are shown in the following tables. 

-. - - 

Table 8-14. The Oahu Supply Portfolio for the CEED Scenario 

Maui 

Table 8-15 shows the capacity additions and retirements in the CEED supply portfolio for 
Maui County. The ENERGY 2020 model also selected this portfolio for Maui County 
under the DSMRE and ES scenarios. 

Table 8-15. The Maui Supply Portfolio for the CEED, DSMRE, and ES Scenarios 
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All new oil-fired generation projected in Baseline 2020 was replaced by renewable energy. 
MECO needed new resources very early in the planning period, in 1997, and the renewable 
energy plant that was the best fit for the 25 M W  requirement was a municipal solid waste 
plant at Paia Puunene, a well-developed renewable energy technology. Other plant choices 
included three 25 MW biomass plants (tree crop biomass at Paia Puunene in 1997 with 
another in 2002 and a sugar biomass facility in 2006) and two 10 MW windhattery plants 
(at McGregor in 2005 and West Maui in 2010) and one 20 MW windhattery facility (West 
Maui in 2008) for a total gross resource addition of 180 MW. The net capacity addition 
was 140 MW. Because ENERGY 2020 models Maui county as a single system, some of 
the plant sizes may have been too large depending on where the energy needs exist. Lanai 
and Molokai’s specific capacity requirements were not addressed. 

Hawaii 

Table 8-16 shows the capacity additions and retkments that made up the CEED supply 
portfolio for Hawaii County. The ENERGY 2020 model also selected this identical 
portfolio for Hawaii under the DSMRE and ES scenarios. As of July 1995, an oil-fired 
plant was already planned in the HELCO IRP and the generators had been purchased. 
Despite HELCO’s plan, it was not clear that HELCO will be able to obtain all necessary 
permits for the plant. Two independent power producers (PPs) have proposed similar 
combined cycle plants at other locations on the Big Island. Thus, it appears that the next 
generation unit will be a similar oil-eed DTCC built by either by HELCO or an IPP. 
Another plant type was not substituted for this generation and, because of the significant 
amount of retirements scheduled early in the planning period, the additional DSM selected 
above cannot defer it. 

The remaining 120 MW of new oil-fired generation projected in Baseline 2020 was fully 
replaced with 139 MW (net) of new renewable energy capacity. There was a hydro site at 
Umauma Stream (13.8 Mw) and a geothermal site (25 MW) that could be developed cost- 
effectively early in the planning period to meet capacity needs. During the second half, 55 
IvlW of wind supplemented with batteries at sites in North Kohala (15 MW in 2005) and 
Lalamilo Wells (20 MW in 2007 and 2009) and 25 M W  of biomass (25 MW facility 
burning trees and waste at Hilo Coast) were developed to round out the portfolio. 

Table 8-16. The Hawaii County Supply Portfolio for the CEED, DSMRE, and ES 
Scenarios 
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Kauai 

Table 8-17 shows the capacity additions and retirements in the CEED supply portfolio for 
Kauai. The results differed considerably from the rest of the islands. Oil-fired generation 
was cost-effective and the ENERGY 2020 model did not substitute renewable energy 
resources. Therefore, the CEED portfolio has 37 MW of oil-fired generation. Capacity 
requirements were reduced by 13 MW from Baseline 2020 by DSM programs, however. 

I 10 I 6.6 I 10 I .  10 
CAPACITY. I 120.6 I 1272 I 1372 1 .  147.2 

Table 8-17. The Kauai Supply Porffolio for the CEED Scenario 

8.3. MAXIMUM DSM AND MAXIMUM RENEWABLE ENERGY 
SCENARIO (DSMRE) 

8.3.1. Introduction 
In this section, the Baseline 2020 demand assumptions, the renewable energy resource 
supply portfolios and the information derived from the energy resource supply selection 
test runs presented in section 8.1 were used to develop supply portfolios for each county 
which best met the goals of the DSMRE scenario. 

8.3.2. DSMRE Scenario Objectives 
The objective of the DSMRE scenario was to reduce the negative economic and 
environmental effects of Hawaii’s dependency on oil by maximizing the use of DSM, 
efficiency measures, and renewable energy resources. Transportation policies, including 
fuel blending, that minimized the use of oil were favored. DSM and energy efficiency 
meaSms reduced overall energy demand. Renewable resources were preferred over fossil 
fuels in this scenario with cost a secondary consideration. 

Transportation policies that reduced demand for gasoline and diesel fuel were 
unambiguously attractive at the levels tested. Transportation policies which gave 
preference to “home grown” energy sources were limited by the size of current agricultural 
lands. Although other land could be converted for use in ethanol production, the economic 
impacts could not be gauged without a specific, detailed land use plan. However, it 
appeared that an inmase in local ethanol production for ground transportation fuel use was 
both feasible and cost-effective under a variety of situations. The introduction of E10 fuel 
caused the single biggest drop in oil use of all the policies and can be achieved at reasonable 
cost. E10 can be priced without subsidy near the price of premium gasoline. 

There was a surprise in the results of the scenario run in the ENERGY 2020 model -- there 
were fewer pricehenewable energy resource trade-offs than expected, and most of the 
trade-offs were DSM. Because most utilities in Hawaii cumntly operate with significant 
reserve margins, adding DSM early in the planning horizon raised electricity prices. me 
exception would be HELCO which is cumntly short of generating capacity pending the 
next generation addition by either HELCO or an IPP. The model m, however, is based 
upon the IRP schedule and assumed installation of that unit.) Starting these programs 
slightly later in the planning period, however, reduced the electricity price impact and gave 
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good results in terms of energy savings and peak reduction, requiring fewer new 
generating plants to be constructed. However, early initiation of renewable energy 
generation plants offered important benefits such as reduced risk of oil spills, reduced oil 
use, and an improved balance of trade. Starting DSM earlier would also reduce or delay 
the need for new capacity and would also provide immediate benefits to those customers 
who take advantage of DSM, which may encourage others to do the same. 

Statewide, renewable resource technologies appeared to be cost-effective when compared 
to most fossil fuel technologies under a variety of assumptions. With few exceptions, it 
was not necessary to greatly increase the cost of electricity service to use renewable energy 
resources; many of the renewable resources were less expensive than conventional fossil 
fuel technologies. In some cases, a cost decrease was ,possible. In this simulation, all 
feasible renewable energy technologies were implemented in place of fossil fuel-fired 
generation. When more than one renewable energy technology was available and 
appropriate, the least costly was selected for the scenario. 

8.3.3. The DSMRE Scenario 
A program of DSM measures, as described in Chapter 7, was selected for each county and 
coupled with a supply portfolio based on the following five criteria: 

(1) Maximized the use of DSM, efficiency measures, and renewable energy 
resources. 

(2) DSM programs were used first until the marginal cost to the utility of an 
additional increment of DSM was greater than the marginal cost of the first 
increment of renewable energy supply. 

(3) Renewable energy supply sources were used as long as they are technically 
feasible, even if the cost was higher. Since many renewable resources were 
available and viable, trade-offs between higher costs and more renewable 
resources seldom occurred. When these trade offs were made, they affected 
average prices by no more than a penny per kWh. 

(4) The reliability of renewable energy electricity generation plants was considered 
to be equal to those powered by fossil fuels. For renewable energy resources 
that can deliver only intermittent power (e.g., wind plants), battery storage 
systems were added to the resource mix to allow the energy produced on an 
interinittent basis to be stored until needed. If the intermittent resource was not 
available for an extended period due to adverse weather, the battery unit could 
be charged by other systems during off-peak periods. The gross plant capacity 
described in the outputs below included both the capacity of the intermittent 
resource and the capacity of the batteries. When considering the ability of the 
plant to meet peak demand, net plant capacity (which included battery capacity 
only) was used to determine reserve margins. 

type, the least expensive renewable energy source was selected. 
(5) If more than one supply resource was appropriate in terms of location, size, and 

8.3.3.1. DSM PROGRAMS FOR THE DSMRE SCENARIO 

The title of this scenario -- Maximum DSM and Maximum Renewables -- would seem to 
imply that a more aggressive DSM package should be selected. But a basic premise in 
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designing the scenario was when two alternative technologies can replace an oil-using 
technology equally well, the less expensive should be selected. Because of the wide 
selection and relatively low cost of renewable energy resources available for Oahu, using 
alternative-fuel plants instead of DSM was often less expensive. Since all of the new oil- 
fired generation in Baseline 2020 was deferred over the planning period without using all 
available renewable resources, the renewable resources were selected on the basis of cost, 
For example, if a wind generator and biomass facility were both available when new 
generation was required and the biomass facility had a lower marginal cost, it was selected 
over the wind generator. 

8.3.2.2. 

oahu 

SUPPLY PORTFOLIOS FOR THE DSMRE SCENARIO 

Table 8-1 8 shows the capacity additions and retirements in the DSMRE supply port€olio for 
Oahu. Note that only significant years are depicted. The retirements were based on those 
projected by HECO in its IRP with one modification -- the retirement of the first oil steam 
plants scheduled for retirement (Honolulu 8 & 9) was delayed one year- 

Batteries, coupled with intermittent power sources (wind, wave, and solar) were an 
important part of this portfolio. 245 MW of storage were needed to provide f m  supply 
from 150 M W  of wave capacity, 45 MW of wind capacity, and 50 MW of tracking 
photovoltaic solar capacity. A 95 MW refuse-to-energy plant and a 100 M W  OTEC 
facility, both providing firm capacity, rounded out the mix. Thus, in this scenario, all 
planned new fossil fuel facilities were replaced with renewable energy capacity. The total 
new gross generation constructed over the planning period is 685 MW for an effective new 
capacity total (less the capacity of the battery storage system since it does not produce 
electricity) of 440 MW. 

Maui County 

Table 8-15 in section 8.2.2.2. shows the capacity additions and retirements for the CEED 
scenario which also made up the DSMRE supply portfolio for Maui County. Again, all oil- 
fired generation was replaced in this scenario with renewable energy supply. 
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Hawaii 

Table 8-16 in section 8.2.2.2. shows the capacity additions and retirements for the CEED 
scenario which also made up the DSMRE supply portfolio for Hawaii. In no case were oil- 
fired plants less expensive than the alternative resources. 

Kauai 

Table 8-19 shows the capacity additions and retirements that made up the DSMRE supply 
portfolio for Kauai. The first new plant is needed in 1997. Since the lead time was very 
short, the first 7.9 M W  oil plant that KE proposed in its IRP was not replaced with a 
renewable energy resource. However, the remaining 40 MW of oil-fired power plants 
modeled in Baseline 2020 were replaced by 27 M W  of renewable energy resources, 
including a 6.6 MW hydro facility on the Wailua River and two 10 MW biomass plants 
using tree crops for fuel with one at Lihue and the other at Kaumakani, for a total of 
37 M W .  The ENERGY 2020 model also selected the identical portfolio for Kauai under 
the ES scenario. 

Table 8-19. The Kauai Supply Portfolio for the DSMRE and ES Scenarios 

8.4. THE ENERGY SECURITY SCENARIO 

8.4.1. ES Scenario Objectives 

The purpose of this scenario was to cut Hawaii's oil dependence by using the maximum 
combination of DSM, efficiency measures, non-oil energy resources, and transportation 
policies available. The outcome approached the technical potential for oil use reduction 
although some cost considerations were included. As one approached the technical 
maximum, the costs of delivering an extra measure of supply security became very high; 
.measures which delivered very little in terms of supply security at high cost or that 
depended on very uncertain parameters such as costs for turning generation prototypes into 
marketable technologies were discarded. 

There were some further restrictive assumptions. Measures for producing biomass for 
transportation fuels were limited to those achievable using existing agricultural lands 
because of the difficulty in assessing the economic impacts of reclaiming additional land for 
agriculture. 

For Oahu, this scenario was very similar to the DSMRE. The principal difference was the 
inclusion of coal plants for energy diversification on Oahu. The smaller scale of plants 
required for Maui, Hawaii, and Kauai counties made coal uneconomical. Therefore, the 
supply portfolios for these counties for the DSMRE and ES scenarios were identical. 
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8.4.2. The ES Scenario 
A DSM program, described in Chapter 7, was selected for each county and coupled with a 
supply portfolio based on the following five criteria: 

Increased Hawaii's energy security by reducing its dependence on oil. 

DSM programs used fxst until the marginal cost of an additional increment 
of DSM was greater than the marginal cost of the first increment of 
renewable energy fuel supply. 

Renewable energy supply sources or coal used to replace all new oil-fired 
generation required in Baseline 2020 as long as technically feasible, even if 
the cost was higher. 

The reliability of renewable energy plants was considered equal to that of 
fossil fuel plants. For intermittent renewable energy resources (e.g., wind 
plants), battery storage systems were added to the resource mix. The gross 
plant described in outputs below includes both the capacity of the 
intermittent resource and the capacity of the battery energy storage system. 
To meet peak demand, net plant (battery capacity only) was used to 
determine reserve margins. 

If more than one resource was appropriate when new supply was needed, 
the least expensive choice from among renewable energy and coal-fired 
plants was selected. 

8.4.2.1. DSM PROGRAMS FOR THE ES SCENARIO 

The DSMl programs for all counties discussed in the CEED scenario were again selected. 
There are several reasons for this. First, these programs, when coupled with the 
appropriate supply portfolio, reduced the need for new oil-fired capacity in the future. 
Reducing oil-fired plants provided a measure of energy security for Hawaii. 

Choosing more DSM may actually hamper supply security. Very effective DSM programs 
delayed the need for new renewable or coal resources to replace current oil resources. This 
meant the old, oil-fired plants continued to run. At the same time, DSM programs reduced 
demand and make demand more inelastic. For example, if a home was not very energy 
efficient, and energy costs rose significantly, there were many steps that can be taken to 
reduce the energy bill such as installing efficient lighting, purchasing high efficiency air 
conditioners and refrigerators, and so forth. The customer could respond by choosing 
capital over energy. Since the customer's demand for energy could be met in many ways, 
the customer's demand was elastic. However, if these options for the customer have 
already been used, he or she has fewer ways to escape the higher energy costs - his or her 
demand is then inelastic. The customers using DSM, however, wiU have already 
minimized their costs, and increased energy costs will affect them less than those who did 
not use DSM. In the future, if alternative fuel plants were not built because DSM has 
"stretched': the existing oil-hxi capacity, a serious oil shortage or oil price increase could 
cause considerable distress. Little demand can be eliminated without pain and building 
new, alternative fuel plants takes time during which the price increases or shortages could 
have many negative effects on Hawaii's economy. However, preparing to implement DSM 
programs if a shortage should arise is a necessary part of the ES scenario. 
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8.4.2.2. SUPPLY PORTFOLIOS FOR THE ES SCENARIO 

Oahu 

Table 8-20 shows the capacity additions and retirements that made up the Energy Security 
supply portfolio for Oahu. The retirements were those projected by HECO with the 
retirement of the first oil steam plant delayed one year. The addition of a large (1 80 MW) 
coal steam plant was the most prominent feature of the ES supply portfolio. Oahu is the 
only island that can support a plant of this size. Another large facility, an OTEC plant of 
100 MW at Kahe Point, is forecast to be needed a year before the coal plant. This 280 MW 
of capacity would compensate for over 250 MW of oil-fired generation retirements 
scheduled to occur before 2010. In addition to the two large plants, two smaller 
intermittent resources, and 75 MW of wind at Kahuku and Kaena Point were developed 
and coupled with batteries to provide an additional 75 MW of firm capacity. A 95 MW 
municipal solid waste plant at Barbers Point rounded out the mix for total gross generation 
additions of 525 M W  with firm capacity to meet peak demands of 450 MW. No new oil- 
fired resources were required. 

Maui, Hawaii, and Kauai 

As noted above, the supply portfolios for Maui (Figure 8-15) and Hawaii (Figure 8-16) 
were the same as developed for the CEED scenario as outlined above. For Kauai, the 
supply portfolio developed under the DSMRE scenario was used (FGgure 8-19>. The 
principal difference between the DSMRE and ES scenarios was the use of coal as an 
additional option; however, the cost of the smdler scale coal plants required by the 
neighbor county systems priced coal out of their portfolios. 

8.5 EFFECTS ON THE HAWAII STATEWIDE ENERGY SYSTEM 

8.5.1. Effects on Energy Demand 

This section compares the results of the three scenarios runs for electricity peak demand 
and sales, gas sales, transportation energy demand, and total energy demand. 
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8.5.1.1. PEAK ELECTRICITY DEMAND 

Table 8-21 depicts the maximum peak electricity demand reduction under each of the thy 
scenarios by 2014. Electricity peak demand in all scenario runs was lower than Baseline 
2020 in all counties. Peak demand was reduced by DSM program implementation beyond 
that proposed by the utility IRPs. Since the DSM policies were the same across scenarios, 
the reduction in peak demand did not vary much between the scenarios. Figures 8-2 to 8-5 
show the effects on electricity peak demand for each county over the planning period. 

Table 8-21. Peak Electricity Demand (MW), 2014 

Kauai experienced the largest relative drop in peak demand because the additional DSM 
programs in the scenario runs were more extensive than the programs in the other counties. 
As noted earlier, this is because the Kauai Electric DSM programs were not available for 
the Baseline 2020 assessment. The DSM programs included in the scenario runs for Kauai 
were the effective residential water heating and commercial fighting programs from the 
HECO, MECO, and HELCO IRPs plus the DSMl program. 
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Figure 8-2. Oahu Peak Electricity Demand, 1994-2014 

Hawaii Energy Strategy 8-27 



200 

190 

' 180 

2 

170 

160 

150 

220 

21 0 

Ll 

Figure 8-3. Maui Peak Electricity Demand, 1994-2014 
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Figure 8-4. Hawaii Peak Electricity Demand, 1994-2014 
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Figure 8-5. Kauai Peak Electricity Demand, 1994-2OI4 

8.5.1.2. AVERAGE REAL ELECTRICITY PRICES 

Average real electricity prices declined from Baseline 2020 in all scenarios for Oahu, Maui, 
and Hawaii counties. The decline was due primarily to the lower relative cost of renewable 
energy power compared to oil-fired generation. These results were robust but were 
sensitive to oil prices and capital, operations, and maintenance costs. DSM programs alone 
generally caused a slight increase in price early in the planning period and diminished later 
on. On Kauai, all prices rose because DSM implemented early in the planning period 
caused prices to increase because existing excess capacity was not absorbed as quickly by 
the DSM-reduced demand. Furthermore, with the exception of 6.6 M W  of hydro power, 
renewable resources were more expensive on Kauai compared to oil-fired resources, a 
departure from the results obtained for the other counties. Table 8-22 shows the 20 year 
average real electricity price for each island under each scenario. Note that the results in 
each county vary by less than one cent. However, price uncertainty is less with the non-oil 
fired resources. 

11.66 11.42 11.57 11.46 (0.24) 
Maui 14.14 13.36 1336 1336 (0.78) 

Hawaii 17.74 17.19 1 7.1 9 17.19 (0.55) 
Kauai 1419 1423 14.41 14.41 022 

Table 8-22. 20-Year Average Real Electricity Price (I993 cents/kWh) 
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On Oahu, where there were signifcant differences in supply port€olios between scenarios, 
the CEED scenario generated, as expected, the lowest prices, followed by the ES scenario 
and fmally, DSMRE as shown in Figure 8-6. The second coal plant and large scale 
renewable plants were more cost effective than smaller renewable technologies for Oahu's 
larger population. Real prices fluctuated with the building patterns, larger resources that 
were cost effective over the planning period caused larger jumps in price in the short run. 
This was because some of the plant capacity initially was not used so fixed costs per unit of 
electricity are higher. However, over time, this capacity was quickly absorbed and the 
plant became cost effective. 
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Figure 8-6. Oahu Real Average Electricity Price, 1994-2014 

Maui and Hawaii Counties each had identical portfolios for all three scenarios. For Maui 
County, this portfolio reduced average real electricity price while it rose in Baseline 2020. 
Renewable energy resources were very cost effective in Maui County and were responsible 
for much of the decline. Unfortunately, model limitations precluded computing the 
sepamte prices for each of the three islands in Maui County. On Hawaii, prices rose less 
sharply than in Baseline 2020. Figures 8-7 and 8-8 show the pattern of electricity prices 
for these two counties. The runs for CEED, DSMRE, and ES for Maui County and 
Hawaii dl used the same respective DSM programs and supply portfolios. As a result, 
they produced identical results. 
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Figure 8-7. Maui County Real Average Electricity Price, 1994-2014 
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Figure 8-8. Hawaii Real Average Electricity Price, 1994-2014 
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Kauai’s costs were different from the other three islands. The cost of oil-fired generation 
was lower than the cost of renewables. This, coupled with increased costs due to the 
implementation of more extensive DSM programs used in the model caused Kauai’s 
electricity prices to be slightly higher than Baseline 2020 in all scenarios. The DSMRE and 
ES runs were identical since they used the same DSM program and supply portfolio. 
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Figure 8-9. Kauai Real Average Electricity Price, 1994-2014 

8.5.1.3. ELECTRICITY SALES 

Figures 8- 10 to 8-13 show the patterns of electricity sales growth by county. Changes in 
electricity sales were the result of two opposing phenomena, The DSM programs reduced 
electricity sales; however, the price reductions caused price-induced increases in electricity 
sales. One problem with increasing electricity system efficiency and the resulting lower 
prices was that electricity use and less efficient practices were actually encouraged by lower 
prices. This can be seen in Table 8-23. Although statewide sales and sales in most of the 
counties decreased, in Maui County sales increased even with the DSM programs due in 
part to increased economic activity from ethanol production. 

Table 8-23. Total Statewide Electricity Sales (GWh), 1994-2014 
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Figure 8-10. Oahu Total Electricity Sales, 1994-2014 
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Figure 8-11. Maui Total Electricity Sales, 1994-2014 
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Figure 8-12. Hawaii Total Electricity Sales, 1994-2014 
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Figure 8-13. Kauai Total Electricity Sales, 1994-2014 
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The following tables produce summary results of electricity sales in the three scenario runs 
in comparison to Baseline 2020 by sector. Most of the DSM programs in the scenarios i 

were targeted at the residential customer and, as expected, residential sales in all counties 
declined in all scenarios as shown in Table 8-24. 

O a h U  
Maui 

Hawaii 
Kauai 

STATE 

49,470 48,126 48071 48,106 (1,400) 
7,749 73587 73587 73587 (162) 
8,895 8692 ass;! (203) 
3,899 3,429 3425 394% (274) 
69,813 67.m 67,775 67,810 (2,038) 

Maui 
Hawaii 
Kauai 

STATE 

Table 8-26. Total Statewide Industrial Electricity Sales (GWh), 1994-2014 

Price induced ,fuel switching and economically driven sales increases from ethanol 
production were also evident in the industrial sector (see Table 8-26) but not all of the 
increase can be attributed to these changes. The DSM measure for industrial customers 
was a rebate on solar process heat. This actually resulted in load building for the electric 

low 10,753 10,753 10,753 61 
8,475 8468 8468 w8 V) 
7,109 6,999 6932 6 9 2  (117) 
97p66 97m2 =*= S,979 (171) 
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utilities because backup electricity was needed. The net effect on fossil energy use was 
positive but the amount oil or coal used directly in industrial boilers was reduced. 

8.5.1.4. GAS SALES 

Bottled and utility gas sales changed little over the planning period. There was some 
evidence of price-induced fuel switching to electricity in Oahu and Maui counties where 
utility gas declined in the scenarios with lower electricity prices. 

Table 8-27. Total Stutewide Utility Gas Sales (mtherms), 1994-2014 

Table 8-28. Total Statewide Bottled Gas Sales (TBtu), 1994-2014 

8.5.1.5. GROUND TRANSPORTATION FUEL DEMAND 

Ground transportation demand changed composition significantly over the planning period 
due to transportation policies that promoted alternative fuel use. By far the biggest single 
change in the transportation energy patterns can be attributed to the mandating of E10 fuel. 
This, coupled with incentives for alternative fuel vehicles and a reduction in vehicle miles 
traveled resulted in decreases in gasoline demand of 15% to 20% depending on the county 
and over a 15% reduction statewide. A small reduction in diesel use occurred for the same 
reasons. 

The transportation policies were the Same in all three scenarios because the maximum 
amount of alternative fuel incentives that could be delivered using the existing land use 
patterns for agriculture were cost effective. Therefore, the maximum was used in each 
case. Figures 8-14 to 8-21 compare total ground transportation fuel use by county for 
Baseline 2020 and the alternative transportation policy. In these figures,   renew able^^' 
refers to all alcohol fuels, including the alcohol components of E10 and E85. The gasoline 
components of E10 and E85 are included in the “gasoline” amount. 
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Figure 8-14. Oahu Baseline 2020 Ground Transportution Fuel Use, 1994-2014 

Figure 8-15. Oahu CEED, DSMRE, ES Ground Transportation Fuel Use, 1994-2014 
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Figure 8-16. Maui County Baseline 2020 Ground Transportation Fuel Use, 1994-2014 
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Figure 8-17. Maui CEED, DSMRE, ES Transportation Fuel Use, 1994-2014 
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Figure 8-18. Hawaii Baseline 2020 Ground Transportation Fuel Use, 1994-2014 
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Figure 8-19. Hawaii CEED, DSMRE, ES Ground Transportation Fuel Use, 1994-2014 
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Figure 8-20. Kauai Baseline 2020 Ground Transportation Fuel Use, 1994-2014 
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Figure 8-21. Kauai CEED, DSMRE, ES Ground Transportation Fuel Use, 1994-2014 
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Gasoline Demand 

Residential highway, commercial, and fleet transportation gasoline demand are presented in 
Table 8-29. Residential highway gasoline demand dominated and was strongly reduced by 
the transportation measures. The combination of reduced vehicle use, incentives for fuel 
efficient and alternative fueled vehicles, and the substitution of E10 for gasoline contributed 
to the reduction. In the commercial and industrial sector, most of the gasoline use came 
from substitution of E10 for gasoline. The story was much the same for fleet vehicles with 
one exception. The transportation measures were based upon the assumption that fleet 
vehicles would be the fxst market for electric vehicles, paving the way for residential 
electric vehicles after some infrastructure was built up. Therefore, a large part of the 
gasoline declinein the fleet category was caused by a switch to electricity. 

623.8 517.4 I (103.5) 
Maui 1W.O e7 (1 7.3) 

Hawaii 143.7 117.8 (25.9) 
Kauai 56.4 466 (9.8) 

r 

Maui 45 3.0 (0.8) 

Kauai 4.9 4.0 (0.8) 
Hawaii 9.4 7.7 (1.7) 

Maui I 30.0 I 2A7 I (5.3) II Hawaii 45.0 36.6 (8.4) 
Kauai I 25.1 I 208 I (4.3) 

STATE 141.9 116A (25.5) 

Table 8-29. Statewide Demand for Gasoline (TBtu), 1994-2014 

6.8 6A (0.4) 
Maui 12 12 (0) 

Hawaii 1.6 1.6 (0) 
Kauai 0.7 0.7 (0) 

STATE 103 9.9 (0.4) 

Table 8-30. Statewide Demand for Diesel Transportation Fuel (TBtu), 1994-2014 

While some of the reduction in both gasoline and diesel demand was due to fewer vehicle 
miles traveled, most was due to fuel switching. Incentives generated some demand for 
residential highway LPG fuel. LPG use was not modeled in Baseline 2020. 

. .. 

~~~ ~~ 
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Maui 
Hawaii 
Kauai 

STATE 

As noted above, the transportation measures were based upon the assumption that fleet 
vehicles would be the first market for electric vehicles, paving the way for residential 
electric vehicles after some infrastructure was built up. The penetration rate for electric fleet 
vehicles was much higher than if normal market mechanisms were employed. The model 
also assumed penetration into the residential highway sector as included in Table 8-32. 

not modeled 02 not modeled 
not modeled 0.3 not modeled 
not modeled 0.1 not modeled 
not modeled 1.6 not modeled 

OahU 
Maui 

Hawaii 
Kauai 

STATE 

As noted above, much of the reduction in gasoline and diesel transportation fuel use came 
from fuel switching to electricity (Table 8-32) and renewable fuels. Table 8-33 summarizes 
renewable fuel demand by sector. 

not modeled 15 not modeled 
not modeled 0.4 not modeled 
not modeled 0.5 notmodeled 
not modeled 02 not modeled 
not modeled 2 6  not modeled 

Table 8-33. Statewide Demand for Transportation Renewable Fuels (TBtu), 1994-2014 
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8.5.1.6. GROUND TRANSPORTATION FUEL PRICES 

Twenty year real average ground transportation fuel prices are shown in Tables 8-34 to 8- 
37. Prices were calculated for gasoline, diesel, and propane in Baseline 2020 scenario and 
for those plus E10 and E85 in the three scenarios. 

The difference in gasoline prices between Baseline 2020 and the scenarios was the result of 
the tax levied as part of the transportation measures in the scenarios. The tax was revenue 
neutral and was offset by subsidies to alternative fuel production and alternative fueled 
vehicles. ’ This tax was in addition to any local taxes which were added to the mid-range 
1994 DOE/EIA forecast gasoline price. 

Table 8-34. 20-Year Real Average Gasoline Price Including Taxes ($1993igallon) 

Prices for LPG and diesel fuel did not change between the scenarios. Any price difference 
in diesel fuel mimicked current local variations. The LPG and diesel price forecasts were 
from the 1994 DOEVEIA mid-price forecast. 

II I $1.45 I $1.84 It 

t Kauai I $1.45 I $1.82 
STATE $1.45 $1.85 

Table 8-35. 20-Year Real Average LPG and Diesel Prices Including Taxes 
($1993/gallon) 

A price for a 85% ethanol produced in Hawaii and 15% gasoline blend was calculated 
based on an ethanol supply curve derived from cost estimates which considered agricultural 
land availability and crop yields, ethanol production costs, and the costs of transportation 
between islands. After a the price of ethanol production was determined, it was compared 
to the price of gasoline. Fully subsidizing the difference between the two fuels was 
considered to be too expensive given the tax revenues expected. A subsidy to bring the 
price down to 120% of gasoline on an equivalent Btu basis was selected to be in line with 
the tax revenues. 

Table 8-36. 20-Year Real Average E85 Price Including Taxes ($1993/gallon) 

~~~~ ~ 

Hawaii Energy Strategy 8-43 

- I .  



Finally, a price for E10 (10% ethanol, 90% gasoline) was calculated based on the ethanol 
supply curve and the 1994 DOE/EIA gasoline price forecast (adjusted for local differences). 
This price was not subsidized for two reasons. First, any meaningful subsidy would have 
been extremely expensive given the quantities of E10 involved. Secondly, the price was 
approximately the price of premium gas. The increased price over regular unleaded 
gasoline was small and would affect only a portion of gasoline customers. 

OdlU 

Maui 
Hawaii 
Kauai 

STATE 

Table 8-37. Real 20-Year Average E l  0 Price (including taxes) ($1993/gallon) 

5593 5,992 5 s  5 s  -a 
Ss a a 620 92 
515 636 636 636 91 

69% 7,155 7,164 7,153 236 
281 331 312 312 31 

8.5.1.7. TOTAL ENERGY DEMAND 

Maui 
Hawaii 
Kauai 

STATE 

Total energy demand changed more in composition than in size between the scenarios and 
in comparison with Baseline 2020. Oil use declined from as much as 25 percent on Maui 
or to as little as 4 percent on Oahu. These differences reflect the initial size of oil demand 
and to lesser extent, how much could be reduced or substituted over the planning period. 
If EXEC0 built no new oil-fired generation, it would still have a large number of existing 
oil-fired plants. In Maui and Hawaii counties, with their planned generation plant 
retirements, there was a chance to replace a considerable amount of oil-fired generation 
with renewable resources. Since a power plant has a useful life of between 30 to 50 years, 
this argues for consideration of non-oil power plants in near-term construction decisions. 

394 285 285 285 (109) 
444 364 364 364 (80) 
214 187 179 I79 (34) 

6,083 5,659 5,65;! 5,641 (431) 

Table 8-38. Statewide Primary Energy Use (TBtu), 1994-2014 

In each of the three scenarios, renewable energy use became more diverse. On Oahu, for 
example, Baseline 2020 simulation had only two signifcant renewable resources. In the 
alternative scenarios, at least five renewables were used. As Table 8-39 shows, oil use 
was reduced in all three scenarios. 

Table 8-39. Statewide Primary Oil Use (TBtu), 1994-2014 
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M U  

Hawaii 

Renewable energy use at least doubled in each county in each scenario and, in some cases, 
nearly tripled. Renewable energy values were difficult to estimate for some renewables. 
To be conservative, most renewables such as refuse and other biomass were assigned 
higher heat rates than oil or coal. Because of the conservative values given to renewables 
and the difficulty of estimating some values, total TBtu of energy used did not decline 
much over the planning period. A better estimate of the effectiveness of these scenarios 
was to compare the reduction in total demand for fossil fuel, especially oil. 

340 317 289 317 (71) 
9 1 1 1 (8) 

Table 8-41. Statewide Primary Renewable Energy Use (TBtu), 1994-2014 

The following figures show the primary energy use for each scenario in each county. 

STATE 349 
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Figure 8-22. Oahu Baseline 2020 Primary Energy Use, 1994-2014 
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Figure 8-23. Oahu CEED Primary Energy Use, 1994.2014 
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Figure 8-24. Oahu DSMRE Primary Energy Use, 1994-2014 
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Figure 8-25. Oahu ES Primary Energy Use, 1994-2014 
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Figure 8-26. Maui County Baseline 2020 Primary Energy Use, 1994-2014 
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Figure 8-28. Hawaii County Baseline 2020 Primary Energy Use, 1994-2014 

Figure 8-29. Hawaii County CEED, DSMRE, and ES Primary Energy Use, 1994-2014 
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Figure 8-31. Kuuai CEED Primary Energy Use, 1994-2014 
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Figure 8-32. Kauai DSMRE and ES Primary Energy Use, 1994-2014 

EFFECTS ON ENERGY SUPPLY AND UTILITY SYSTEM 
GENERATION BUILDING 

Table 8-42 shows gross and net generating capacity for each county in each scenario. The 
gross generation capacity figures include batteries so, in effect., those MW were "double 
counted". The net generation capacity value has removed the double counting. 

Hawaii I I 342 I 342 I 342 I 44 
154 142 142 142 (12) 

I1 OahU I 1,764 I I 1.716 I I (48) II 

Table 8-42. Primary Electricity Generating Capacity (MW), 2014 

Using net generation as a guide, each scenario for each counties required less generating 
capacity than Baseline 2020. This is because the DSM programs significantly reduced peak 
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even though sales in some cases actually increased due to price induced fuel switching. 
Fewer plants were needed than in Baseline 2020 and better use was made of each plant. 

Figure 8-33. Total Oahu Gross Generation Capacity, 1994-2OI4 

Figure 8-34. Tohl Maui County Gross Generation Capacity, 1994-2014 
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Figure 8-35. Total Island of Hawaii Gross Generation Capacity, 1994-2OI4 

Figure 8-36. Total Kauai Gross Generation Capacity, 1994-2OI4 
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The supply portfolios implemented in the ENERGY 2020 model for each scenario 
effectively reduced oil-fired capacity. In many cases, renewable resources were less 
expensive than fossil-fuel generation and were used in all three scenarios. On Oahu, the 
larger coal plants were more cost effective than some DSM programs. The CEED and ES 
scenarios used coal as well as renewable resources. The CEED portfolio also contained 
one oil-fired peaking unit late in the planning period. 

On Hawaii and Kauai, one oil-fired facility was left in the new supply portfolios because of 
a need for the capacity within the next two years. The extremely short time frame was 
viewed as a practical barrier to the deployment of a renewable resource. Also on Kauai, 
oil-fued generation produced lower cost power than renewables and was used (but better 
timed than in Baseline 2020 and with DSM) in the CEED scenario. Over 25% of the oil- 
fired electricity generating capacity in Baseline 2020 was replaced in the most aggressive 
scenarios. Maui County and Hawaii experienced the greatest percentage reductions. 

Table 8-43. Primary Net Electricity Generating Capacity (MW), 2014 

Renewable resource use increased dramatically over Baseline 2020 in all scenarios, as 
much as six-fold in the DSMRE scenario. 

Figures 8-37 to 8-40 show the renewable energy resource generation plants in each county 
under each scenario. Biomass plants (including municipal solid waste) were the most 
frequently selected and the largest renewable resource plants selected. Wind plants were 
also frequently selected Geothermal facilities were only placed on Hawaii based upon 
proven resource availability. Hydro plants were feasible on the Big Island and Kauai. 
Solar energy and OTEC were used infrequently because of their relatively high cost. 
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Figure 8-37. Renewable Energy Resources on Oahu, 2014 
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Figure 8-38. Renewable Energy Resources in Maui County, 2014 
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Figure 8-39. Renewable Energy Resources on Hawaii, 2014 
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Figure 8-40. Renewable Energy Resources on Kauai, 2014 
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Figure 8-42. Total Oahu CEED Generating Plant by Fuel, 1994-2014 
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Figure 8-44. Total Oahu ES Generating Plant by Fuel, 1994-2014 
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Figure 8-48. Tobl Hawaii County CEED, DSMRE, and ES Generating Plant by Fuel, 
1994-2 01 4 

2 80 s 
60 

40 

20 

0 

Figure 8-49. Tohl  K a w i  Baseline 2020 Generating Plant by Fuel, 1994-2014 

Hawaii Energy Strategy 8-61 



8o 1 
60 - 
40 - 
20 - 

-,,d ,,, r, 

~ ~~ 

Figure 8-50. Total Kauai CEED Generating Plant by Fuel, 1994-2014 
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Figure 8-51. Total Kauai DSMRE and ES Generating Plunt by Fuel, 1994-2014 
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8.5.3. EFFECTS ON THE ENVIRONMENT 

Greenhouse gases emissions changed in both quantity and type as different renewable 
resources and coal-fired generation were added to the supply mix. All the counties 
experienced some decline in emissions in all scenarios. However, Oahu, which burns 
biomass and municipal solid waste as well as coal had the smallest reduction over the 
planning period. 

Note: Methane and Nitroos Oxide are in tons; Carbon Dioxide and Total are in thonsands of tons (m tons). 

Table 8-45. Greenhouse Gas Emissions, 1994-2014 

8.5.4. EFFECTS ON THE ECONOMY 

Small increases in both GRP and employment were experienced in all counties in all 
scenarios when compared to Baseline 2020. Most of these increases were due to 
transportation policies that encouraged “home grown” ethanol. Most of the production 
would take place on Hawaii and in Maui County, which gave these counties the greatest 
percentage change in income. Table 8-46 compares GRP in 2014 between the scenarios 
for all counties; Table 8-47 does the same for employment. 
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Maui 
Hawaii  
Kauai 

STATE 

Since the changes were driven by the transportation policies and because the transportation 
policies were the same in all three scenarios, the GRP values were nearly identical for these 
scenarios. About a 20 million dollar spread occurred by 2014, with most of the increased 
income coming in the second half of the planning period. 

Employment increases were of the same magnitude and exhibited the same patterns as GRP 
growth. Proportionately, there was greater employment growth in the smaller counties 
than on Oahu Table 8-47 shows the effects of ethanol production on employment by 
scenario and by county by the end of the planning period. 

4580 4584 4584 4584 4 
6434 6440 6440 640 6 
2738 2743 2743 2743 5 

=273 523n - 52= 54 

STATE I 1,086,678 I 1,088,464 1 1,088,974 I 2405 

Table 8-47. Statewide Employment, 2014 

8.6. SENSITIVITY ANALYSIS 

8.6.1. Robustness of Results 

8.6.1.1. WHAT CONSTITUTES A ROBUST SCENARIO? 

An energy strategy narrowly designed to meet a single forecast “fum” is not useful for 
planning. There is much uncertainty in energy forecasting -- in fact the only certainty about 
any energy forecast is the certainty that, over the planning horizon, it wiU be wrong. There 
is no perfect crystal baU All long range forecasts have considerable error and are 
constantly being updated and “fine-tuned”. Therefore, planning to meet a single set of 
conditions is really no better than no planning at all. Planning must be carried out to deal 
with a range of possible outcomes. Policies which increase the number of options and 
decrease costs under a variety of outcomes will be more successful. 

For example, a baseline forecast could indicate strong growth in energy demand over the 
planning period. The goal of the plan might be to minimize oil use while keeping cost as 
low as possible. Consistent with this goal and the high energy growth rate might be the 
choice of a fairly large scale coal plant, which, if fully utilized, would have low fixed costs 
per unit. However, due to the large scale and the longer lead time of this type of plant, 
more risk is assumed by the planners. If the strong growth in demand fails to materialize, 
completing the plant according to the earlier plan would result in expensive excess capacity. 
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In a low growth future, smaller coal plants or small renewable energy plants with shorter 
lead times and lower capital costs better timed to energy needs would reduce the use of oil 
and be cost effective as well. These smaller plants, however, would be more costly in the 
higher growth future because they do not take advantage of plant economies of scale. 

When considering cost and performance of a policy set, it is not enough to say that it 
performs well in the baseline scenario. Planning requires adaptability, flexibility, and 
ability to respond to unexpected developments. .The policies designed to meet planning 
goals must perform well under a variety of different energy “futures77. A plan containing 
policies that perform well when simulated in many possible futures is said to be robust. 

8.6.1.2. TESTING SCENARIO ROBUSTNESS 

Testing of the scenarios is complicated because of the number of scenarios and the number 
of counties involved in the ENERGY 2020 model for Hawaii. Each county has four 
supply portfolio and DSM program sets which make up the four scenarios -- Baseline 
2020, Cost Effective Energy Diversification (CEED), Maximum DSM, Maximum 
Renewables (DSMRE), and Energy Security (ES) -- for a total of sixteen simulations. In 
this section, the effects of different world conditions on these scenarios are analyzed. 

8.6.2. Performance of Scenarios in Alternative Futures 
8.6.2.1. SIMULATING ALTERNATIVE FUTURES 

Variables Selected to Generate Alternative Futures 

Two important independent variables, oil prices and tourism growth rates, were modified 
to create the five alternative scenarios described in this section. Oil prices were varied 
according to the 1994 EIA/DOE high and low oil price forecasts. Although higher oil 
prices can cause economic problems, high oil prices can also exist during times of 
economic development as well. Because of this, high and low oil prices were combined 
with high and low economic growth futures based on different tourism forecasts, resulting 
in four alternative futures: high oil prices with high economic growth (HiOUHiGrowth); 
high oil prices with low economic growth (HiOiILoGrowth); low oil prices with high 
economic growth (LoOiVHiGrowth) and low oil prices with low growth 
(LoOiULoGrowth). The final future used the baseline growth rates coupled with oil p r i m  
growing at rates that capture the historical oil price increases and fluctuations from 1974 to 

Table 8-48. Oil Price Forecasts for Alternative Futures ($1993/mmBtu) 
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prices in the mid- 1980s. The historical growth rates during this period were applied in the 
ENERGY 2020 model by projecting them forward from the baseline 1994 oil price. The 
oil prices used are shown in Table 8-48. 

The range of the EL4 forecasted oil prices was rather narrow compared to historical price 
fluctuations but, with the inclusion of the historical price future, the four futures provided 
price spreads as wide as $30 per barrel. The oil price changes affected both the US and the 
four Hawaii county REMI models. The effects on the US model were felt at the local level 
through a general income effect -- the rise and fall of oil prices changed the income 
available for other goods and services. As oil prices rose, fewer other goods and services 
could be purchased by residents. Potential tourists also purchased fewer goods and 
services and many passed up a trip to Hawaii. At the county level, the impact was achieved 
in the same manner but the effect was far more pronounced. This was because Hawaii is 
particularly affected by oil prices due to the high percentage of oil used in its energy 
system. Hawaii also lacks relatively easy options for fuel switching such as oil to natural 
gas available to mainland US energy systems. 

To create different economic forecasts, tourism levels were varied among futures. Where 
changing oil prices in the model changed the size of the tourist market, changing the 
tourism forecast itself allowed market shares to change. Even in periods of high oil prices, 
Hawaii could have good tourism levels due to good promotion, perceived desirability on 
the part of tourists, and other factors. The tourism forecasts that were used to create the 
alternative scenarios were derived from the utility IRPs -- the high and low growth rate 
estimates of visitor variables (visitor census or visitor days) used in the econometric 
equations of the utility models. These growth rates were converted into changes in visitor 
days from the baseline and were used as inputs into REMI. The REMI model then 
converted the changes in visitor days to an initial dollar spent value through a vector that 
spread tourist dollars throughout the economy. These new dollars spent (or not spent in 
the case of low economic growth) circulated through the economy throughout the planning 
period. Using the high and low growth rates from the utility JRP tourism variables yielded 
a high and low economic forecast in REMI. These economic forecasts were then paired 
with the oil forecasts as described above. Table 8-49 summarizes the pairings. 

Table 8-49. 

The Boundaries on the Futures 

Oil Price/Economic Growth Pairings for Alternative Futures 

Table 8-50 and the figures that follow illustrate the boundaries on the futures or output 
ranges determined by the merent  assumptions about oil prices and tourism growth rates 
and the implementation of different policies. 

Notice the impact that DSM and transportation policies used in the scenarios had on the 
ranges. Transportation policies played a significant role in reducing oil use from Baseline 
2020 levels. In all the scenarios which contain more DSM and transportation demand 
reduction policies than Baseline 2020, the output ranges were narrower for real average 
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Table 8-50.. Output Ranges in the Scenarios for Alternative Futures 

electricity price, peak demand, and sales. The reason for this is best shown through a 
simple example. Assume there were only two scenarios, one with a peak of 100 MW and 
another with a peak demand of only 50 MW. The range of uncertainly w'sis 50 MW. If 
DSM programs cut peak demand by 1096, then they will cut the high demand scenario by 
10 MW yielding a peak of 90 M W .  In the low scenario, 5 MW will be cut for a peak of 
45 MW. The range of uncertainty was reduced to 45 MW. Because DSM was more 
effective in the high scenario than in the low, the range of uncertainty was reduced. The 
same was true for transportation programs that cut vehicle d e s  traveled or fuel use. 

Figures 8-52 to 8-57 illustrate the boundaries on uncertainty of the Baseline 2020 
simulation under the six sets of fuel price/economic growth assumptions for selected 
results. The patterns of total electricity sales, peak demand, and utility gas sales all 
followed the changes in GRP and employment attributable to the economic forecasts. In 
most cases, fuel prices mattered less than economic growth. While higher fuel prices had 
an income effect similar to an economic decline, the impact was usually less severe. Even 
when coupled with price-induced fuel switching, the impact of fuel price increases on 
electricity and gas sales was generally less noticeable than the impacts of economic 
changes. Variables directly affected by sales and peak demand - utility building and 
greenhouse gas emissions, exhibited a similar pattern. 
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Figure 8-52. Total Statewide Electricity Sales 
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Figure 8-53. Total Statewide Peak Electricity Demand 
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Figure 8-54. Total Statewide Electricity Generating Capacity 
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Figure 8-56. Gross Regional Product 
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Figure 8-57. Total Statewide Employment 

Both primary and ground transportation energy use were affected by both fuel prices and 
economic factors (Figures 8-58 to 8-62). Very high oil prices can cause sufficient income 
and substitution effects to dominate regional economic income effects. 
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Figure 8-58. Total Statewide Primary Energy Use 
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Figure 8-59. Statewide Primary Oil Use 

Figure 8-60. Stutewide Primary Coal Use 
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Figure 8-61. Statewide Renewable Energy Use 
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Figure 8-62. Statewide Total Ground Transportation Fuel Use 

Finally, both average electric price and gasoline prices were very responsive to oil prices. 
Figures 8-63 and 8-64 show these price sets. 
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Figure 8-64. Real Average Gasoline Prices 
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8.6.2.2. WHAT CONSTITUTES GOOD PERFORMANCE? 

The definition of good performance varies somewhat with the goal. Lower electricity 
prices, increases in renewable energy use, and reduction in oil use were the principal 
indicators of movement toward the goals of the Cost Effective Energy Diversification 
(CEED) scenario. These variables were also be important in the other two scenarios but 
with a change in emphasis. The Maximum DSM/ Maximum Renewable Energy (DSMRE) 
scenario emphasized the increased use of renewable resources. In the Energy Security 
(ES) scenario, reduction of oil use was paramount. 

Tables 8-5 1 through 8-56 display the variable values used to assess progress toward the 
goals of the energy scenario in the various alternative futures. The values in these tables 
are used in the remainder of this chapter. 

Table 8-51. Results from Baseline 2020 Scenario 

Table 8-52. Results from High Oil Prices/Low Economic Growth Future 

Table 8-53. Results from Low Oil PriceslHigh Economic Growth Future 
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Table 8-54. Results from High Oil PriceslHigh Economic Growth Future 

Table 8-55. Results from Low Oil PriceslLaw Economic Growth Future 

Table 8-56. Results from Historical Fuel Price Future 

Almost without exception, the three scenarios moved the energy system toward its desired 
goals under all futures. None performed badly under any future, and all were 
improvements over the Baseline 2020 scenario when judged by the goals of the three policy 
scenarios. Thus, the results were robust under the variety of oil price and economic 
growth assumptions. 

PERFORMANCE OF COST EFFECTIVE ENERGY 
DIVERSIFICATION (CEED) SCENARIO 

Effects on Electricity Prices, Sales, and Peak Demand 

8.6.2.3. 

From Tables 8-51 through 8-56 it is clear that the policies in CEED produced the lowest 
electricity prices in all f u ~ s .  The flexible policies in CEED, designed with a eye toward 

~~ ____ 
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cost, reduced electricity prices below the levels of Baseline 2020 under all of the future 
assumptions about prices and economic growth described above. Generally small scale 
generation plants could be made to “fit’ in a low growth scenario yet were sufficiently cost 
effective to perform well in a high growth future. The use of coal gave this scenario a price 
advantage in the high growth futures over the larger scale renewable resources that were 
used in the DSMEE scenario. The option of choosing oil when oil prices are low relative 
to the cost of other resources gave CEED a cost advantage over the ES scenario as well. 

Of the three scenarios, the CEED scenario produced the least total electricity sales and peak 
demand reduction, but it reduced both below Baseline 2020 levels in all cases. Because 
prices in the CEED scenario were low, consumption was encouraged, partially negating the 
effect of DSM programs. It is a planning Catch-22 that strategies to defer oil use can be so 
cost-effective that electricity price falls, encouraging use of electricity. In DSM analysis, 
this is one component of the “snap-back” effect. 

Effects on Fossil Fuel Use and Renewable Energy Demand 

The CEED scenario produced a significant decrease in oil use and a smaller, but still 
noticeable decline in coal use as well. Renewable energy demand more than doubled over 
Baseline 2020 in all futures. The adoption of E10 as a transportation fuel and the 
encouragement of alternative-fuel vehicles was the single largest component of the increase 
in renewable energy demand. The rest of the increase came from changes in electric 
generation and some boiler fuels. Of the three scenarios, CEED yielded the least reduction 
in oil because new oil-fired plants were cost effective under certain assumptions and were 
selected in CEED while they were generally not used in DSMRE and ES. 

Effects on the Economy 

Primarily as a result of the transportation scenario using “home-grown” ethanol from sugar 
cane in the CEED scenario, both GRP and employment increased over Baseline 2020 in all 
futures. The CEED scenario generally resulted in slightly higher increases in GRP and 
employment over the other two because electricity prices in the CEED scenario were the 
lowest. These low prices generated a small income effect which resulted in the purchase of 
more goods and services, raising GRP and employment. In cases where electricity prices 
were the same between scenarios (see, for example, CEED and ES in the HiOil/LoGrowth 
scenario), the increase in GRP and employment was the Same as well. 

8.6.2.4. PERFORMANCE OF MAX DSM/MAX RENEWABLES 
(DSMRE) SCENARIO 

Effects on Electricity Prices, Sales, and Peak Demand 

The DSMRE scenario Outperformed Baseline 2020 in three out of five futures as shown in 
Tables 8-51 through 8-56. Surprisingly, this scenario outperformed Baseline 2020 in the 
low growth futures, failing only to do so in the low oil pricehigh growth and historical fuel 
price futures. This implies that DSMRE was sensitive to oil prices when the strategy called 
for constructing larger scale renewable energy resource plants. Small scale renewable 
energy resources out performed oil-fired resources as indicated by the lower price in the 
low oil price, low economic growth future. Under the assumption of low oil prices and 
high economic growth, larger scale renewable energy resources were more costly than 
larger scale oil and coal plants. Under the assumption of low oil prices, oil-fired plants (of 
which a major part of their electricity cost was fuel) were hard to beat; and under the 
assumption of higher growth, larger coal plants became cost-effective. However, it should 
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be noted that the costs of building some of the large scale renewable resources used in the 
model are somewhat uncertain and the estimates used may be on the high side. 

Not surprisingly, the DSMRE scenario resulted in the lowest electricity peak demand and 
total electricity sales in each of the futures. This was a combination of two factors - the 
DSM programs which caused most of the change (the difference between DSMRE and 
Baseline 2020) and the generally higher prices that caused a price-induced reduction in 
demand and sales (the difference between DSMRE and CEED and ES). 

Effects on Fossil Fuel Use and Renewable Energy Demand 

As stated before, renewable energy demand more than doubled over BaseZine 2020 in all 
futures. The ailoption of E10 and the encouragement of alternative-fuel vehicles was the 
single largest component of the increase in renewable energy demand with the rest of the 
increase coming from changes in electricity generation and some boiler fuels. Of the three, 
the DSMRE scenario encouraged the most renewable fuel use but was second to the ES 
scenario in oil use reduction. This was because the use of the coal plants in the ES scenario 
(and the CEED scenario as well) caused some oil-fired generation replacement even without 
a further decrease in oil-fired capacity. In these scenarios, coal was used for baseload 
generation and new oil-fired cycling and peaking units were still needed to replace older 
units taken out of service. Since the DSMRE scenario replaced all future oil-fired 
generation with renewables and did not use coal, it obviously had the highest level of 
renewable energy use. 

Effects on the Economy 

Again, as a result of the transportation scenario using “home-grown” ethanol from sugar 
cane in the DSMRE scenario, both GRP and employment increased over Baseline 2020 in 
all futures. The DSMRE scenario had the smallest increases in GRP and employment over 
the other two scenarios because electricity prices were the highest of the three scenarios. 
These high prices generated a small income effect which results in the purchase of fewer 
goods and services, slightly reducing the inmase in GRP and employment caused by 
ethanol production in Hawaii. 

8.6.2.5. PERFORMANCE OF ENERGY SUPPLY SECURITY 
(ES) SCENARIO 

Effects on Electricity Prices, Sales, and Peak Demand 

Only in the historical price future did the ES scenario raise electricity prices over Baseline 
2020. Since concern about the repetition of historical price spikes is one aspect of the 
energy security problem, the ES scenario performed well under the circumstances for 
which it was designed. In this future, oil prices dropped toward the end of the planning 
period when most of the building occurred. The additional coal plant plus the renewable 
resource used in this scenario were no longer less expensive than oil-fired generation. The 
ES scenario electricity price maintained its position in the middle among the scenarios for 
a l l  futures. The ES scenario generated electricity prices that were lower on average than 
DSMRE and higher than CEED. 

Like the DSMRE scenario, the ES scenario reduced electricity peak demand and total 
electricity sales in all futures. The ES scenario did not reduce demand by as much as 
DSMRE because, given its slightly lower prices, it did not have as much price-induced 
conservation. This was evident when comparing the ES and the CEED scenarios in the 
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tables above. When the average electricity price was approximately the same in the two 
scenarios, the sales and peak reduction matched as well. 

Effects on Fossil Fuel Use and Renewable Energy Demand 

As shown in the tables, the ES scenario reduced oil dependence more than the other 
strategies in all futures as was its objective. Since this scenario included coal plants in its 
portfolio, the use of renewable resources was less than in the DSMRE scenario and 
because the ES scenario attempted to minimize oil use, no future o i l - f d  plants were 
constructed, making the cut in oil usage greater than in the CEED scenario. The ES 
scenario had the highest levels of coal use among the strategies, but these levels were still 
always lower than Baseline 2020. 

Effects on the Economy 

The effects on GRP and employment were about same for the ES scenario as they were for 
the CEED scenario and for the same reasons. The GRP and employment increases were 
slightly less in the ES scenario because the ES electricity prices were higher. 

8.7. SUMMARY 

The results of the scenario runs clearly show that the use of additional DSM and increased 
use of renewable energy to meet state energy policy objectives over the planning period 
yield highly favorable results. The costs are not significantly higher and there are slight 
improvements in GSP and employment. 

Substitution for oil by renewables in the electricity sector is limited somewhat by the fact 
that extensive new generation is not required over the 20-year period. However, given the 
30-50 year life of fossil-fueled generation, now is clearly the time to begin the transition. 

In the ground transportation sector, the displacement of 10 percent of gasoline use by E10 
and the moves towards greater numbers of AFVs greatly reduce oil use and complement the 
substitution in the utility generation sector. 
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CHAPTER 9: FINDINGS AND RECOMMENDATIONS 
9.1. INTRODUCTION 

9.1 .l. Chapter 9 Contents 

Chapter 9 consolidates recommendations of the Hawaii Energy Strategy ( H E S )  program. 
The findings of each of the HES projects were presented in Chapter 3. The consolidated 
recommendations are presented in Section 9.2. These recommendations include actions for 
the state government, as well as recommendations applying to most members of Hawaii’s 
energy community. 

9.1 -2. A Note on Place Names 

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

County 

City and County of Honolulu 

County of Hawaii 

County of Kauai 

County of Maui 

Is1 and(s) 

Oahu 

Hawaii 

K a U a i  

Lanai, Maui, and Molokai 

For brevity, the City and County of Honolulu will sometimes be referred to as “Honolulu” 
or “Oahu” in the following discussion. Niihau is not included in the Kauai model as it is 
not part of the Kauai Electric service area. 

9.2. HES PROGRAM RECOMMENDATIONS 

9.2.1. Hawaii Energy Strategy Program Objectives 

As outlined in Chapter 2, Section 2.2.3., the HES program was designed to achieve the 
following objectives: 

e 

e 

e 

Increase diversification of fuels and sources of supplies of these fuels; 
Increase energy efficiency and conservation; 
Develop and implement of regulated and non-regulated energy development 
(including transportation energy) strategies with the least possible overall 
cost to Hawaii’s society; 
Establish a comprehensive energy policy analysis, planning, and evaluation 
system; 
Increase use of indigenous, renewable energy resources; and 
Enhance contingency planning capability to effectively contend with energy 
supply disruptions. 
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These goals were used as a framework to organize the recommendations of the program in 
the following sections. Since recommendations for the regulated utility sector and the non- 
utility gas sector are encompassed in other categories, the discussion of the third goal will 
focus only on the transportation energy sector and will be entitled “Transportation Energy 
Strategy”. 

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

9.2.2.1.  DIVERSIFY FUELS AND SOURCES OF SUPPLY 

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

9.2.2.2.  FOCUS DIVERSIFICATION ON POWER 
GENERATION AND GROUND TRANSPORTATION 
ENERGY 

Hawaii’s diversification plans should first focus on conversion of power generation and 
process heat to alternatives to oil and 10 percent alcohoYgasoline blending. Substituting oil 
demand much beyond a third of current use involves bolder and more speculative 
measures. (Project 2) 

9.2.2.3.  PURSUE COAL AS AN OPTION FOR OAHXJ ENERGY 
DIVERSIFICATION 

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

9.2.2.4.  ENCOURAGE HAWAII’S REFINERIES TO UPGRADE 
CAPABILITIES 

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

9.2.2.5.  INCREASE USE OF RENEWABLE ENERGY 

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

Measures to increase renewable energy include improving power purchase contract terms 
for renewable energy, conducting additional renewable energy research and development, 
conducting additional renewable energy assessments, obtaining access to land for 
renewable energy projects, and developing viable renewable energy projects now. These 
recommendations are detailed in Section 9.3.7. (Project 3) 

~ 
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9.2.3. Recommendations: Increase Energy Efficiency and 
Conservat i on 

Additional solar water heating 

Additional heat pump water 
heating 
Compact fluorescent light bulbs 

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

Efficient water heater tanks 

Heat pumps 

Removal of second residential 

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

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

Optical Reflectors 
T-8 fluorescent bulbs with 
electronic ballasts 

9.2.3.2. CONSIDER HE$ DSM MEASURES IN UTILITY 
INTEGRATED RESOURCE PLANNING (IRP) 

Utilities should be encouraged to evaluate the DSM measures found to be cost-effective by 
HES program models and which are listed below in Tables 9-1 and 9-2. All those which 
are cost-effective should be included in their IRP. (Projects 4 and 7) 

Occupancy sensors Electronic ballast refits 
Heat pumps Solar process heat 

(Projects 4 and 7) 

Table 9-1. Proposed Residential Sector DSM Programs 

I I 

(Projects 4 and 7) 

Table 9-2. Proposed Cornrnerciul/Industrial Sector DSM Programs 
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9.2.3.3. EVALUATE DSM MANDATES 

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

9.2.3.4.  STATE AND UTILITIES SHOULD COOPERATE ON 
DSM DATA GATHERING 

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

9.2.4. Recommendations: Transportation Energy Strategy 
9.2.4.1. ADOPT TRANSPORTATION ENERGY 

CONSERVATION MEASURES 

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

9.2.4.2. IMPROVE FLEET EFFICIENCY 

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

Adopt More Stringent CAFE Standards 

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

Improve Efficiency of State Fleet 

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

9.2.4.3. ADOPT TRAVEL REDUCTION MEASURES 

The measures with the greatest potential to decrease vehicle d e s  traveled 0 in 
Hawaii, and particularly in the City and County of Honolulu, were: transit programs; 
transportation management associations; actions by educational institutions; high- 

~~~ 
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occupancy vehicle (HOV) facilities and meaningful enforcement; automobile use limitations 
(such as road pricing); and land use planning. (Project 5) 

9.2.4.4. INCREASE THE FOCUS ON ENERGY IN 
TRANSPORTATION PLANNING PROCESS 

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

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

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

9.2.4.6.  EXPAND USE OF ALTERNATIVE FUELS AND 
VEHICLES 

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

Actions for the Period 1995 - 2002 

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

AlcohoYGasoline Blends. Out of the 21 transportation measures evaluated and nine 
combinations of measures, an alcohol/gasoline blend program was the least costly means of 
encouraging the use of significant quantities of renewable, locally-produced alternative 
transportation fuels. Low-level alcohol blends (E10 -- 10% ethanol) are much closer to 
being competitively-priced than the higher level alcohol (M85 -- 85% methanol and E85 - 
85% ethanol) fuels facilitating introduction of alternate fuels. (Project 5) 

Hawaii Energy Strategy 9-5 

.- - 
I .  



The objective of alcohol blending would be to have the alcohol (most likely ethanol) 
produced locally. Consideration should be given to replacing the existing excise tax 
exemption for ethanol blends by a producer incentive available only to in-state alternative 
fuel producers. The first alcohol production facilities would take at least three years to come 
on line, and a seven-year phase-in period would be required. (Project 5) 

Actions for the Period 2003 - 2014 
A mid-term program would commence once the near-term program had reached its 
maximum effectiveness. By that time, if EPACT requirements, public outreach and fuel 
and vehicle availability have been consistent throughout the previous period, it is estimated 
that over 10,OOO A F V s  may be in use in Hawaii. At that time it would be appropriate to re- 
evaluate the cost, availability, and desirability of the various alternative fuel vehicles and 
incentives. Both alternative fuels and alternative fuel vehicles are expected to be more cost- 
effective as well as widely available in popular models of cars, trucks, and heavy-duty 
vehicles. Hydrogen and fuel cell vehicles may have progressed to commercial availability. 
There may also be more information on possible use of alternative fuels in the air and 
marine sectors. 

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

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

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

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

9.2.4.7. CONDUCT TRANSPORTATION ENERGY RESEARCH 
AND DEVELOPMENT PROGRAMS 

Research and development programs could play an important part in Hawaii’s achievement 
of its energy goals. The following research and development programs should be pursued 
as part of an integrated approach. 
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First Tier 
Feasibility study on increasing in-state vehicle fuel efficiency 
Further study of measures to decrease regional VMT 
Fleet rules 
Study of Hawaii-specific barriers to alternative fuels 
Continued support and expansion of demonstration programs 
Monitoring of demonstration programs on the mainland 
Maintaining dialogue with manufacturers on state interest in ethanol FFVs 
Updating and refining alternative fuel cost estimates 

Second Tier 
0 Study of incentives for AFVs 

0 

(Project 5) 

9.2.5. 

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

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

9.2.5.1. IMPROVE STATE ENERGY ANALYSIS 

Improve Data Collection and Reporting 

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

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

9.2.5.2. IMPROVE ENERGY PLANNING AND POLICY 
DEVELOPMENT 

1. 

2. 

3. 

4. 

5. 

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

9.2.5.3.  IMPROVE ENERGY MODELING 

ENERGY 2020 Model 

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

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

The REMI model directly interacts with ENERGY 2020. It remains to be decided whether 
an interface between READ’S model and ENERGY 2020 will be developed, or whether 
REMI will continue to be used for energy forecasting. Either option will require additional 
resources. The results from READ’S forecast could be used in ENERGY 2020. However, 
without the interface between the economic forecast and ENERGY 2020, the feedback 
effects would be lost. (Projects 1 and 7) 

Improve Capability to Evaluate Economic and Employment Effects of 
Energy Policies 

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

9.2.5.4. IMPROVE DSM MODELING AND PROGRAMS 

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

Data Needs 

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

Program Evaluation 

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

9.2.6.1.  IMPROVE POWER PURCHASE CONTRACT TERMS 
FOR RENEWABLE ENERGY 

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

9.3.6.2.  CONDUCT ADDITIONAL RENEWABLE ENERGY 
RESEARCH AND DEVELOPMENT 

Encourage and support research and analysis that promote the commercial application of 
renewable energy in Hawaii. Studies addressing penetration limits for intermittent 
resources on isolated grids should be a top priority since this issue restricts deployment of 
intermittent renewable energy resources. These analyses should be conducted in 
partnership with the utilities. (Project 3) 

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

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

9 .3 .6 .3.  CONDUCT ADDITIONAL RENEWABLE ENERGY 
ASSESSMENTS 

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

9.3.6.4.  OBTAIN ACCESS TO LAND FOR RENEWABLE 
ENERGY PROJECTS 

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

9.2.6.5. DEVELOP COST-EFFECTIVE RENEWABLE ENERGY 
PROJECTS NOW 

The total generating capacity of the utility grid and projected demand growth on each island 
provides the greatest limitation to renewable energy project implementation in the next ten 
years. There are simply not major new requirements for additional generation. It is 
important however, to consider the long term value of renewable projects in near term 
energy supply decisions because of the long life of fossil energy generation resources 
which may be put in place. (Project 3) 

Wind 

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

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

Solar 

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

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

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

Geothermal 

Geothermal energy conversion from high temperature water (>150 degrees Celsius) 
resources is a mature technology that has been commercially deployed since the 1960s. 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 M W  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. (Project 3) 

Hydroelectric 

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

Ocean Thermal Energy Conversion (OTEC) 

When two OTEC projects were evaluated in Project 3, neither was shown to be cost 
effective. However, reductions in cost and the value of utility generation capacity 
displacement and the value of the co-products [potable water, aquaculture, air conditioning, 
etc.) may change this situation. OTEC may offer a significant contribution to Hawaii’s 
generation mix in the long-term, but it is not expected to be competitive with other energy 
options in the next ten years. (Project 3) 

In Project 7, to simulate lower costs resulting from future development, an OTEC project 
with much cost figures provided by a developer planning an OTEC facility in India were 
used in the ENERGY 2020 model scenario runs. W e  these cost figures were radically 
lower than those provided by the consultant in the Project 3 assessment, they resulted in 
selection of a 100 MW OTEC plant for Oahu late in the planning period under all three 
scenarios. OTEC offers an excellent supply option if costs can be reduced to the modeled 
levels. The technical maturity of OTEC development and costs of commercialization 
should be monitored (Project 3 and 7) 
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9.2.6.6. CONSIDER RENEWABLE ENERGY 
IMPLEMENTATION PLAN 

Wind North Kohala 15 71,178 
,Wind Lalamilo 30 115.714 
Hydroelectric Umauma Stream 13.8 40,199 
Geothermal Kilauea 50 380,871 

Total Renewable Energy 108.8 607,962 

The Project 3 report presented a renewable energy implementation plan for each of 
Hawaii's four major islands. They were based upon the 2005 resource supply curves and 
consideration of constraints such as projected load growth on each island, a 20 percent 
assumed maximum penetration limit, and the nominal relative cost of energy. Prioritized 
projects are summarized in the following tables for each island. In a l l  cases, the integration 
plans include intermittent projects totaling less than 20 percent of the annual peak load. 
Even with this limitation, it appears feasible to meet all new generating requirements with 
renewable energy additions. This is an objective the state government should pursue. The 
following tables (Tables 9-3 to 9-6) provide the renewable energy implementation plans. 

Wind McGregor Point 10 24,611 
Biomass (organic waste) Puunene 25 153,300 
Wind NW Haleakala 30 56.140 

Total Renewable Energy 65  234,051 - 

2005 Peak Load 223.0 MW 
Estimated Energy Demand Increase 459,601.0 MWh 
20 Percent of Peak Load 44.6 MW II 

Biomass (organic waste) 
Wind 
Wind 
Photovoltaic (tracking) 
Solar Thermal (dish) 

I I 

Barbers Point 50 306,600 
Kaena Point 15 31,558 
Kahuku 80 151,558 
Lualualei 50 120,031 
Pearl Harbor 50 84,942 

2005 Peak Load 
Estimated Energy Demand Increase 

229.5 MW 
161,755.0 MWh 

2005 Peak Load 1,467.2 MW 
Estimated Energy Demand Increase 1,600,887.0 MWh 
20 Percent of Peak Load 293.4 MW II 
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Photovoltaic (tracking) 
Biomass (sugarcane) 
Wave 
Wave 
Wave 

Table 9-5. Renewable Energy Integration Plan, City and County of Honolulu 

North Ewa Plain 50 120,031 
Waialua 25 153,300 
Makapuu 60 224,378 
Kahuku Point 60 211,197 
Northeast Coast 60 205.535 

2005 Peak Load 
Estimated Energy Demand Increase 

Total Renewable Energy 

~~~ ~ 

84.6 MW 
169,605.0 MWh 

500 1,609,130 

Wind 
Hydroelectric 
Wind 
Biomass (tree and 
organic waste) 
Solar Thermal (dish) 

Table 9-6. Renewable Energy Integration Plan, Kauai County 

North Hanapepe 1 10 22.602 
Wailua River 6.6 16.435 
Port Allen 5 9.321 
Kaumakani 25 153,300 

Barking Sands 10 - 17.21 8 

9.2.7. Recommendations: Enhance Energy Emergency 
Contingency Planning 

Total Renewable Energy 56.6 

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

21 8,876 

9.2.7.1. RECOMMENDATIONS FOR THE ELECTRICITY 
INDUSTRY 

Industry Lead 
1. Use ocean water for power plant cooling water to eliminate 

vulnerable cooling towers; 
2. Close radial transmission line loops on Oahu and Kauai; 
3. Consider alternatives to wood for new transmission lines on Kauai, 

sections of Oahu, and the island of Hawaii, 
4. Existing power lines serving critical lifeline facilities should be 

upgraded as necessary to withstand ANSI-7 wind loading; 
5. Wood poles should be inspected at least every five years, replaced 

or repaired as necessary to ANSYASCE 7 wind loading standards; 
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6. 

7. 

8. 

9. 

State Lead 
1. 

2. 
3. 

Shared use of distribution poles by communications utilities can 
reduce the reliability of electric distribution circuits and should be 
considered prior to their installation; 
AU electric utilities in Hawaii should have current and complete 
emergency operating plans which should be exercised both 
internally and in conjunction with the state govemment and other 
lifeline entities; 
Hazard mitigation measwes to harden electric utility operations 
should be adopted, including anchor transmission and distribution 
transformers and harden batteries; provide flexible equipment 
C O M ~ C ~ ~ O ~ S ;  and maintain and harden spare equipment storage; and 
Conduct wind speed studies to determine wind loading requirements 
for Hawaii's electrical facilities. 

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

INDUSTRY 
9.2.7.2. RECOMMENDATIONS FOR THE PETROLEUM 

Industry Lead 
1. 
2. 
3. 
4. 

5. 

State Lead 
1. 
2. 
3. 
4. 

9.2.7.3.  

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

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

RECOMMENDATIONS FOR T m  GAS INDUSTRY 

Industry Lead 
1. Protect LPG barges used in interisland service; 

Hawaii Energy Strategy 9-1 5 



2. 

3. 

State Lead 
1. 

9.2 .7 .4 .  

State Lead 
1. 

2. 

3. 

4. 

9.2.8. 

9.2 .7 .5  

1. 

2. 

3. 

4. 

5 .  

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

Require installation of shutoff devices on all LPG tanks in 
inundation areas. 

RECOMMENDATIONS FOR LIFELINE SERVICES 

Arrange for priority restoration of commercial electric power to all 
Weline entities during supply disruptions; 
Set emergency generator standards 

0 

Start at least twice per month and run under full load for a 
minimum of four hours during each test period; 
A minimum of five days supply of fuel for emergency 
generators should be on-hand at all times; and 
Emergency generators should be sized to carry either all 
critical loads or the full facility load; 

Information regarding critical locations not having backup 
emergency generators should be provided to Hawaii State Civil 
Defense authorities; and 
Promote seven day minimum vehicle fuel supply for emergency 
vehicles as a guideline. 

GENERAL RECOMMENDATIONS FOR PROTECTION 
OF FACILITIES IN COASTAL INUNDATION ZONES 
Flood plain management and regulation, including zoning to 
discourage construction within flood plain. 
Improved flood warning and temporary evacuation, including use of 
weather radios which automatically sound an dam when a warning 
signal is transmitted. 
Permanent evacuation and relocation of facilities from flood plains is 
clearly the most effective measure, but would be extremely costly in 
many cases. 
Flood proofing which raises facilities above flood levels during 
construction. 
Use of bulkheads, seawalls, and revetments. 

Hawaii Energy Strategy Results Applied 

The HES program produced valuable information for use by the DBEDT Energy Division 
staff prior to program completion. Work on the project and the reports prepared greatly 
increased staff expertise related to energy planning. 
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In mid-1995, HECO indicated that it planned to use the DBEDT DSM Model developed 
under Project 4 to select and evaluate DSM programs. 

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

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

Project 3 results were used in the Renewable Energy Docket. 

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

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

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

Finally, the results of the DBEDT DSM Model were compared with u t i l i ~  plans 
in the HECO DSM Advisory Group. 

9.2.9 Additional Recommended Actions 

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

Develop a new State Energy Plan and update triennially 

Continue to participate in the utilities’ IRP processes 

Propose legislation to implement HES recommendations under state control 

Explore incentives to encourage private business to carry out HES 
recommendations 

Develop public information programs to encourage adoption of HES 
recommendations 

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

Market the results of the Transportation Energy Strategy to alternative fuel 
producers to encourage construction of alternative fuel production in Hawaii 
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Determine how the HES methodology and planning techniques could be 
"exported" to industrializing AdPacific region countries for infrastructure 
assessment and energy planning and policy development. 
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Appendix 1 

Glossary 

AES Applied Energy Services, Inc. Owner of the 180 M W  coal plant at Ba.&ers Point, Oahu. 

AFBC 

AFV 

Atmospheric Fluidized-Bed Combustion, a type of coal plant 

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

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

include methanol, ethanol, biodiesel, electricity, hydrogen, natural gas, synthetic natural 
gas, and liquefied petroleum gas. 

alternative fuel vehicle (A,F'V) A vehicle which runs on a fuel other than gasoline or diesel. Fuels 

alternative fuels Fuels that displace gasoline or diesel. They include methanol, ethanol, biodiesel, 
electricity, hydrogen, M~UA gas, synthetic natural gas, and liquefied petroleum gas. 

ANS 

ANSI-7 

ANSYASCE7 

As= 

barrel 

Baseline 2020 

Baseline IRP: 

Alaska North Slope - the current oil-producing area of Alaska. 

American National Standards Institute wind loading standard 

American National Standards Institutdherican Society of Civil EngineeIs wind loading 
standard 

American Society of Heating, Refrigeration, and Air Conditioning Engineers 

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

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

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

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

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

baseload plant A electric power plant which is normally operated to take all or part of the minimum 
load of a system., and which consequently produces electxicity at an essentially constant 
rate and runs continuously. These units are operated to maxhize system mechanical and 
thermal efficiency and minimhe system operating costs. 

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

b/d 

BEA 

BHP 

biomass fuels 

BLS 

boiler 

Btu 

Capability 

Capacity 

CCAP 

CCTs 

CEED 

c02 

coal 

cost 

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

barrels per day 

Bureau of Economic Analysis 

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

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

Bureau of Labor Statistics 

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

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

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

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

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

Clean Coal Technologies 

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

Chemical f o d a  for carbon dioxide, a greenhouse gas. 

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

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

crude oil 

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

CWlMs Coal-Water Mixtures 

DBEDT 

defacto population 

demand (electricity) 

State of Hawaii Department of Business, Economic Development and Tourism 

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

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

Any utility activity aimed at modifying the customer's use of demand-side management (DSM) 

DLNR 

DOE 

DOETRAN , 

DOE/EIA 

DSM 

DSM/RE 

DTCC 

E10 

E85 

EEP 

EIA 

electric utility 

energy to produce desired changes in energy demand 

State of Hawaii Department of Land a& Natural Resources 

United States Department of Energy 

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

Department of EnergyEnergy Informalion Administration 

demand-side management 

MaximumDSMh4ax~m um Renewable Energy Scenario. One of thee scenarios 
representing state energy policy assessed in the ENERGY 2020 model. Uses maximum 
DSM, efficiency measures, and renewable energy to reduce Hawaii's dependency on 
imported oil by reducing energy demand and substituting renewable energy to the extent 
possible. 

Dual-Train Combined Cycle. An oil-fired power plant consisting of two gas turbines 
each driving a generator which are co~ec ted  to a steam recovery unit which drives a third 
generator. 

Fuel Blend of 10% Ethanol and 90% Gasoline 

Fuel Blend of 85% Ethanol and 15% Gasoline 

Energy Emergency Prepaminess 

U.S. Department of Energy's Energy Information Administration 

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

electricity generation The process of producing electric energy or transforming other forms of energy 
into electric energy. Also the amount of electric energy produced or expressed in 
watthorn (wh). 

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

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

effectively manage energy emergencies and threats to its energy security. 
Energy Emergency Preparedness (EEP) Program A program which prepares Hawaii to be p r e p d  to 

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

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

Energy Security (ES) Scenario 

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

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

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

EPAC 

EPACT 

ERC 

ES 

EUI 

EV 

EWC 

Fahrenheit 

FEMA 

Energy Policy Advisory Committee 

National Energy Policy Act of 1992 

Energy Resources Coordinator 

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

Energy Use Intensity 

Electric Vehicle 

East-West Center 

A temperature scale on which the boiling point of water is at 212 degrees above zero on 
the scale and the freezing pint is at 32 degrees above zero at standard atmospheric 
P-. 
Federal Emergency Management Agency 
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FERC Federal Energy Regulatory Commission - The federal agency with jurisdiction over 
intestate electricity sales, wholesale electric rates, hydroelectric licensing, natural gas 
pricing, oil pipeline rates, and gas pipeline certification FERC is an independent 
regulatory agency within the Department of Energy. 

FHA Federal Housing Administration 

FOBT Free On Board and Trimmed 

fossil fuel 

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

Frozen Efficiency 

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

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

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

gas 

gasohol 

GEG Gasoline Equivalent Gallons 

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

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

generation (electricity) 

generator 

generator capacity 

geothermal plant 

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

A machine that conver&s mechanical energy into electrical energy. 

power production equipment under specific conditions as designated by the manufacturer. 

produced from hot water or by natural steam that derives its energy from heat found in 
rocks or fluids at various depths beneath the surface of the earth. The energy is extracted 
by drilling and/or pumping. 

The full-load continuous rating of a generator, prime mover, or other electric 

A plant in which the prime mover is a steam turbine driven either by steam 

Gigawatt (GW) - One billion watts. 

Gigawatthour (GWh) - One billion Watthorn. 

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

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

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

generator terminals. 

region in a year. 

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

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

Gigawatt - one billion Watts. 

GSP 

GW 

GWh 

H-POWER 

Gigawatt Hour - one billion Watthorn. 

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

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

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

HECO 

HE1 

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

Hawaiian Electric Industries, Inc. - the holding company which owns HECO, HELCO, 
and mco. 

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

EEP 

EIES Hawaii Energy Strategy Program 

Hawaii Integrated Energy Policy Development Program 

HiOWHiGrowth A scenario combining a high oil price forecast with a high economic growth 

A scenario combining a high oil price forecast with a low economic growth 

forecast used in sensitivity analysis of the policy runs in ENERGY 2020. 

forecast used in sensitivity analysis of the policy runs in ENERGY 2020. 
HiOil/LoGrowth 

HNEI Hawaii Natural Energy Institute 

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

HOV High Occupancy Vehicle 

HRS Hawaii Revised Statutes 

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

HTDC High Technology Development Corporation 

hydroelectric plant 

IG 

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

Integration Group - a staff level working group of the Energy Policy Advisory 
Committee. Performed the major work in HEP and performed technical review in the 
HEs Pro€?am- 
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independent power producer (JPP) A cogenerator which produces and sells firm power under 
contract to the utilities. 

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

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

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

IPP Independent Power Producer - A cogenerator which produces and sells firm power under 
contract to the utilities. 

rn IntegmtedResource Planning 

ISTEA Intemoda.lSurface TransportationEfficiency Act 

KE Kauai Electric Division of Citizens Utilities - the electric utility serving Kauai. A 
cogenerator which produces and seUs f m  power under contract to the utilities. 

Hotherms - one thousand therms Ktherms 

kW kilowatts - one thousand Watts 

kWh kilowatt hours - one thousand Watt hours 

LNG Liquefied Natuxal Gas (3-4). 

LoOiVHiGrowth A scenario combining a low oil price forecast with a high economic growth 

A scenario combining a low oil price forecast with a low economic growth 

forecast used in sensitivity analysis of the policy runs in ENERGY 2020. 

forecast used in sensitivity analysis of the policy runs in ENERGY 2020. 
LoOil/LoGrowth 

LPG Liquefied Petroleum Gas (propane) 

LSFO Low-Sulfur Fuel Oil 

M85 A fuel blend of 85% methanol and 15% gasoline. 

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

MECO 

thousand barrels per day 

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

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

MSW 

M w  

Mwh 

NEOS, Inc 

NUG 

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

megawatt - a million Watts 

Megawatt Hour - a million Watthours 

The consultant for the second phase of HES Project 4. 

Non-Utility Generator 

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

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

natural gas 

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

non-utility gas Propane or propane-based LPG distriiuted by delivery trucks to the consumer’s tank or 
the consumer brings his or her tank to a reheling station. Not regulated by the PUC. 

OPEC 

OTEC 

PADD 

PADD-v 

PBQD 

Organization of Petroleum Exporting Countries 

Ocean Thermal Energy Conversion 

Petroleum Administration for Defense District 

Petroleum Administratr *on for Defense District V 

Parsons Bxinckerhoff Quade and Douglas - the consultant for HES 
Project 5. 

peak demand The maximum load during a specified period of time. 

peaking capacity Capacity of genexating equipment normally reserved for operation during the 
hours of highest daily, weekly, or seasonal loads. Some generating equipment may be 
operated at certain times as peaking capacity and at other times to sewe loads on an 
around-theclock basis. 

percent difference The relative change in a quantity over a speH1ed time period. It is calculated 
as follows: the current value has the previous value subtracted from it; this new number 
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is divided by the absolute value of the previous value; then this new number is 
multiplied by 100. 

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

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

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

PICHTR Pacific International Center for High Technology Research 

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

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

PUC Public Utilities Commission 

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

PV Photovoltaic 

PV4U Photovoltaic for Utilities 

qualifying facility (QFJ A cogenerator or small power producer that meets certain ownership, operating 
and efficiency criteria established by the Federal Energy Regulatory Commission (FERC) 
pursuant to the PURPA, and bas filed with the FERC for QF status or has selfcertified 

RD&C Research, Development & Commercialization 

Regional Economic Models, Inc (REMl) A macroeconomic model which simulates 
competitionbetween a local service area and the "rest-of-the-world" for markets, business, 
and population The model is composed of five sectors or "linkages": output, demaud, 
supply, market share and wage. 

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

resource supply curve (RSC) A computer model which provides the means to compare merent 
generating options with each other, given similar economic assumptions and evaluation 
methodologies. 

reserve margin (operating, 

RLA 

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

R Lynette & Associates - the consultant for HES Project 3. 
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RSC Resource Supply Curve 

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

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

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

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

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

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

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

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

sector, transportation 

short ton 

Includes air, marine and ground transportation. 

A unit of weight equal to 2,000 pounds. 

SLH 

SNG 

SSI 

Session Laws of Hawaii 

Synthetic Natural Gas 

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

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

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

system (electric) Physically connected generation, transrms sion, and distriiution facilities operated as an 

transmission system (electricity) 

integrated unit under one central management, or operating supervision. 

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

An intercomected group of electric transmission lines and 

TBtu Tera Btu - trillion Btu ( 
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Appendix 2 

Oil Price Spike Analysis 

1. I NTRO D U CTI 0 N 

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

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

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

2. ASSUMPTIONS 

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

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

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

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

3. MODELING THE OIL PRICE SPIKE 

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

4.  EFFECTS OF THE OIL PRICE SPIKE 

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

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

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

Kauai 
Maui 
Statewide Total 

This “near miss” represented lost economic opportunities as a result of the spike, 
opportunities that were not recovered. GRP behaved in exactly the same manner as 
employment. GRP was cut by $791.8 million in the oil spike year and by $3.021 billion 
over the twenty year period. Table A2-2 shows losses in GRP by county and statewide. 

-1.1 59 -859 -5,432 

-12.130 -7.520 -48,038 

-692 -428 -970 

-1,391 -920 -4,365 

-1 5,372 -9.727 -58.805 

Hawaii 
C& C Honolulu 

Kauai 
Maui 
Statewide Total 

Table A2-2. Effects on Gross Regional Product 

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

-64.1 -26.7 -348.5 

-609.3 -200.7 -2,395.6 

-37.9 -1 2.7 -25.8 

-80.5 -30.9 -252.0 

-791.8 -271 -0 -3,021.9 

Hawaii 
C& CHonolulu 
Kauai 
Maui 
Statewide Total 
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-1 04.7 -35.1 -441.8 

-899.2 -249.3 -2,977.9 

-62.8 -13.0 -61.8 

-1 21 -3 -36.7 -31 2.5 

-1,188.0 -334.1 -3,794.0 



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

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

Hawaii 
C& C Honolulu 
Kauai 

Maui 

4.8 1.8 0.5 

3.1 1 0.3 

5.5 2.2 0.5 

5.5 2.7 0.5 

Hawaii 

C& C Honolulu 
Kauai 
Maui 

4.38 2.71 0.33 

5.80 0.86 0.31 

4.09 2.78 0.37 

4.25 2.73 0.35 

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

Hawaii 
C& C Honolulu 

Kauai 
Maui 
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0.895 0.1 78 0.052 

0.897 0.171 0.053 

0.864 0.1 83 0.053 

0.886 0.186 0.053 



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

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

, 

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

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

5. RECOMMENDATIONS 

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

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

_ -  
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Appendix 3 

Hawaii Energy Strategy Workshop Participants 

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

Mr. Robert Abuel(1) 
Hawaiian Electric Company 

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

Mr. Jamil Ahmadia (2) 
Waiakea Intermediate School 

Mr. Jeffrey Aki (1) 

Ms. Valentine Ako (2) 

Mr. Nick AUday (3) 
UH Mechanical Engineering 

Department 

Honorable Eddie Alom (1) 
Hawaii County Council 

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

Ms. Diane Amur0 (3) 

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

Honorable Eve Anderson (3) 
State House of Representatives 

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

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

Honorable James Arakaki (1) 
Hawaii County Council 

Honorable Alan M. Arakawa (3) 
Maui County Council 

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

. 

Douglas 

Mr. John Atkinson (2,3) 
World Energy Resources Corp. 

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

Mr. Keith Avery (3) 
Zond Pacific 

Honorable Duke Bainum (2) 
House of Representatives 

Mr.SeanBakey (1) 
Sylvania 

Mr. Bill Banasky (2) 
Hawaiian Electric Company 

DanoBanks (2) 
Educator & Entrepreneur 

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

Mr. Patrick Basilio (3) 
UH Mechanical Engineering 

Department 

Mr. Roger Bason (2) 
Institute for a Sustainable 

F u m  

Mr. Chris Bautista (2) 
Bank of Hawaii 

Mr. Charles Beer 
American Society of Civil 

Engineers 

Mr. Joe Bertram III (2) 
Bikeways Maui 

Ms. Diane P. Bevilacqua (3) 
Hawaiian Comercial& Sugar 

Company 

Dr. Cary Bloyd (2,3) 
Argonne Natural Laboratory 
PICHTR 

Mr. Ken Boche (1) 
Sustainable Community 

Development Fund 

Ms. Marion Bockus (1) 
League of Women Voters 

Mr. Warren Bollmeier (2,3) 
P I C r n  

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

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

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

Ms. Gloria Boylan (1) 
Kaleiopuu Elementary School 

Mr. Jay Braitsch (2) 
US Department of Energy 

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

Support Division 

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

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

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

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

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

Department 

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

Mr. Gerald Brooks (3) 

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

Mr. Gordon Brown (2) 

Ms. Janice Brown (2) 
Ashford & Wriston 

Mr. Mike Brown (2) 
Guam Energy Office 

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

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

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

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

Mr. Gary Dalton (2) 

Mr. Robert Dame (2) 

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

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

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

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

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

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

NELHA 
Mr. Walbert Chong (3) 
ECM, Inc. Dr. Anders Daniels (1,2) 

University of Hawaii 
MeteoroIogy Dept. Mr. Rolf Christ (2,3) 

HSEAIR&R Services 

Ms. Irene Chu (2) 
BHP Gas Company 

Honorable Suzanne Chun (2) 
House of Representatives 

MS. Laura ChW-CrUZ (2) 
Kuakini Medical Center 

Mr. Ronald L. Davies (3) 
H - P O W ~  

Ms. Bethany Davis (2) 

Ms. Virginia L. Decastro (1) 
Mokapu Elementary Mr. T (Mike) Caci (2) 

Chevron U.S.A. Products, Inc. 

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

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

Ms. Laurel Dekker (1) 
Hawaii Diversified Technology 

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

Mr. Gus Callbeck (2) 
Manoa Gardens Elderly Housing Mr. Edward Clark (2) 

Architectural Drafting & Design 

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

Mr. Darren Carpenter (3) 
U.S. Army Corps of Engineers 

Mr. Bernard DesChatelets (2) 

Mr. H. J. Dick (2) 
Mr. Raymond Carr (23) 
County of Hawaii Mr. Arthur Clarke (1) Mr. Ralph Dobson (2) 

Hawaiian Electric Company 
Mr. John Cane (1) 
Kalapana Community 

Organization 

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

Mr. Josheph Clarkson (3) 
P I c m  Mr. Gary Doi (1) 

Servco Pacific, Inc. 
Mr. Ted Gamble Clause (2) 
State of Hawaii 
Dept. of the Attorney General 

Mr. Benjamin Dorado (1) 
Duradyne, Inc. 

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

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

Mr. Bill Cook (1) 
Hawaii Island Government 

Alliance 
Ms. Cam1 Catanmiti (1) 
Staff, City and County of 

Honolulu Council 

Mr. Kevin Doyle (3) 
Hawaiian Electric Company, Inc. Mr. Mac Cooper (2) 

Na'alehu Main Street - Discovery 
Harbor Community Association Mr. Nick Dudley (1) 

Hawaiian Sugar Planters' 
Association 

Mr. Frank Catanzaro (1) 
Present Futures Consultants 

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

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

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

Ms. Karen T. Duncan (2) 
Kealakehe Elementary School Mr. Thomas Crabb (1) 

BioEnergy Development Corp. 
Mr. Earl DUM, Jr. (2) 
Citizens for Responsible Energy 

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

Beei-Hum Chao (2) 
University of Hawaii 

Mr. Michael J. Cruickshank (3) 
University of Hawaii 
soEsT/HNEI 

Mr. Richard A. Dye (2) 
U.S. Department of Energy 
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Ms. Lynne Ebisui (1) 
Hawaiian Electric Company 

Ms. Sallie b u n d s  (1) 
State of Hawaii 
Office of state Planning 

Mr. Robert Fujikawa (3) 
UH Mechanical Engineering 

Department 

Mr. Dexter Furuhashi (2) 
Hawaiian Bitumuls & Paving 

Mr. Howard Hall (1) 
Hawaii Preparatory Academy 

Mr. Bob Hamburger (12) 
University of Hawaii 
Geography Department 

Mr. Peter Hansen (2) 
Berkeley Engineering 

Mr. Jay Hanson (2,3) 

Mr. Gilbert Gacula (3) 
UH Mechanical Engineering 

Department 

Mr. James Edwards (2) 
Navy Public Works Center 

Ms. Jackie Mahi Erickson (2) 
Hawaiian Electric Company Mr. JimGarber (2) 

Inter-Island Solar Supply Mr. Bradley Hara (2) 

Mr. David Harada (1.2) 
BHP Hawaii 

Mr. Robert J. Estro, Jr. (3) 
AES Barbers Point Mr. Gregg Gardener (2) 

Kauai Ties 
Mr. Joe Eto (2) 
Lawrence Berkeley Lab 

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

Mr. Steven Golden (1) 
The Gas Company 

Mr. Jack Harmon (2) 
Intech, Inc. 

Mr. David Goldsmith (2) Mr. AlfredHanis (1,3) 
Consultant 

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

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

Mr. Robert P. Hart (1) 

Mr. Lkonard Greer (2) 
P I r n  

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

Mr. Gary Hashiro (3) 
Hawaiian Electric Company, Inc. 

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

Ichiki Mr. Clifford Gregory (1) 
Hawaiian Electxic Company 

Dr. Peter Flachsbart (13) 
University of Hawaii 

Professor Yu-Si Fok (23) 
University of Hawaii 
Civil Engineering Department 

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

Hawaiian Electric Company 

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

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

Mr. Reginald Foo (1) 
Hawaiian Electric Company Mr.BeiGu (3) 

UH Mechanical Engineering 
Department 

Mr. Alan Hee (1) 
Hawaiian Electric Company 

Mr. Sam Ford (1.2) 
GASCO IRF' Advisory Gmup Mr. Roger K. Hee (1,2) 

Appropriate Technology Hawaii 

Mr. Tom Heinle (2.3) 
Chaminade University 

Mr. Carl Gumataotao (3) 
Guam Power Authority Ms. Robin Foster (2) 

City and County of Honolulu 
Planning Department 

Ms. Nancy Fowler (1.3) 
Consultant 

Ms. Clare Hachmuth (1) 
NELHA 

Ms. Val Henderson (1) 

Honorable Robert Herkes (2) 
State House of Representatives 

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

Commerce 

Suhario Haditirto (2) 
Community & Nature Assoc. 

Mr. David Frankel (2) 
Sierra Club Dr. Ronald E. Hagen (3) 

East-West Center Program on 
Resources Mr. James Carl Freedman (1) 

Haiku Design 

Mr. Peter Freeman (1) 
The Gas Company 

Mr. Tom French (2) 

Ms. Cynthia Hagino (1,2) 
Waialua Elementary School 

Ms. Noreen Hagio (1) 
Kohala Elementary School 

Mr. Joe Hernandez (2) 
Waste Management of Hawaii 

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

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

Mr. Robert E. Hale (2) 
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Mr. Kenneth Higa (1,2) 
Unocal Corporation 

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

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

Mr. Bart Jones (1) 
Island Energy Systems 

Mr. Lewis H. Hubbard (2) Mr. Colin M. Jones (1.2) 
City and County of Honolulu 
H-POWER Mr. Matt Hughes (2) 

Hawaii Preparatory Academy Mr. E. Chipman Higgins (1,2) 
Senate Staff Mr. Cully Judd (1,2) 

Inter-Island Solar Supply Mr. Rhett Hurless (1) 
Wailuku River Hydroelectric Mr. Bob High (2) 

High and Associates 

Mr. David Hill (1) 

Mr. Wayne Judd (2) 
J.l'T Sheraton Hawaii Mr. Shung Cho Hwu (1) 

Ms. Kay Kadowaki (1) Ms. Gail Ifuku (1,2) 
Dept. of Education, Kanaelani Mr. E. Steven Hill (2) 

MicroFabTek, Inc. Ms. Lynn Kahoohalohala (2) 
Lanai High & Elementary 

Mr. Ben Kaito (1) 
Hawaiian Electric Company 

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

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

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

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

Hawaiian Sugar Planters' 
Association Honorable Marshall K. Ige (2) 

House of Representatives 
Mr. Wallace A. Hirai (3) 
W.A. Hirai & Associates Mr. Kenneth Ikemori (2) 

City and County of Hawaii 
Department of Water Supply 

Ms. Alyce Ikeoka (1) 
Lanakila Elementary School 

Mr. Stanford Inouye (2) 
Naval Facilities Engineering 

Mr. Mike Hirakamr (23) 
General Electric Company 

Honorable Kenneth Hiraki (1) 
House of Representatives 

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

Mr. Stanley K. €Iirata (3) 
Trans-PacSic Energy Consultanl 

Ms. Clarice Kam (2) 
City & County of Honolulu 
Transportation Services Mr. Darrel T. Itano, P.E. (2) 

Itano & Associates, Inc. 

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

ts Mr. Milton Kami (2) 
Waikiki Beachcomber Hotel 

Ms. Joann Hirayasu (1) 
Wahiawa Elementary 

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

Ms. Teri Kanechika (1) 

Ms. Susan Jackson-Goodhue (1) Mr. Earl M. Kanehira (2) 
GTE Hawaiian Telephone 

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

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

Honorable Brian Kanno (2) 
State Senate 

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

Mr. Nelson Ho (1,2) 
Sierra Club 

Mr.ToddKanja (3) 
BHP Hawaii, Inc. 
Dr. Dirk Koeppen Kastrop (2) 
Environmental Lab of the Pacific Mr. Victor Jensen (2) 

Big Island Electric Vehicle Assoc. Ms. Sharon Hoffman (2) 
BHP Hawaii Mr. Eric Kashiwamura (3) 

BHP Hawaii, Inc. Ms. Susan Jenson (1) 
Mr. Nathan Hokama (2) 
BHP Hawaii Dr. Charles J. Johnson (3) 

East-West Center 
Program on Resources 

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

Ms. Katherine Kawaguchi (3) 
Hawaiian Electric Company 

Ms. Hannah Kawamata (1) 
Koloa Elementary School 

Mr. Prent Houck (2) 
Unisyn Biowaste Technology 

W. D. Johnston (2) 

Mr. Buck Joiner (1) 
Kihei Community Association 

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

Ms. Sophia Hu (1) 
McKinley High School 
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Ms. Pauline Kawamata (1) 
Community Quest 

Honorable Cal Kawamoto (3) 
State Senate 

Ms. Charlotte Kawazoe (2) 
Hawaiian Electric Company 

Mr. Keith Kaysing (1) 
Hawaiian Electric Company 

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

Ms. Heather Keevill (1.2) 
East-West Center 

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

Mr. Kevin Kelly (1) 
Hawaii Undersea Research Lab 

Mr. Frank Kennedy (2) 
Hawaii Electric Light Company 

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

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

Mr. Stafford Kiguchi (2.3) 
BHF' Hawaii, Inc. 

Mr. C. Charles Kimm (2,3) 
PICHTR 

Ms. Nadine Kimura (1) 
Honaunau Elementary School 

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

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

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

Ms. Donna Kiyosaki (1) 
Hawaii Electric Light Company 

Mr. Thomas Kobashigawa (1) 
The Gas Company 

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

Mr. Fred Kohloss (2) 
Lincoln Scott & Kohloss 

Mr.RonKohn (2) 
Straub Hospital 

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

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

Mr. Robert M. Kovacs (2) 

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

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

Kapiolani Health Care System 
(2) 

Mr. Darrel Krulce (1) 
East-West Center 

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

Council 

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

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

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

Mr. Theo Kushi (2) 
Keaau Elementary 

Mr. Robert Kwok (1) 
Hawaiian Commercial & Sugar 

Company 

Mr. R i c e  Labuguen (3) 
UH Mechanical Engineering 

Department 

Mr. Christopher Mranchi  (1,2) 
EnviroSearch International 

Mr. Michael Lafferty (2) 
Bank of Hawaii 

Mr. Christopher Lai (2) 
Public Utilities Commission 

Mr. Cleve Laird (2) 
U.S. Department of Energy 

Mr. John Lamer (2) 

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

Mr. Mike Last (1) 

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

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

General 

Mr. Philmund Lee (3) 
State House of Representatives 

Staff 

Mr. Warren Lee (1) 
Hawaii Electric Light Company 

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

Mr. Raymond Len (2) 
City and County of Honolulu 
Building D e p m e n t  

Dr. Pingsun Leung (1) 
University of Hawaii, 
Agriculture and Human Resources 
Department 

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

Company, Inc. 

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

Lindsey Electronic Services 
(2) 

Company, Inc. 

Mr. Alan S. Lloyd, P.E. (1,2.3) 
Hawaiian Electric Company 

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

Ms. June Low (1) 
Aliamanu Intermediate School 

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

Organization 

Mr. Christopher Lyman (2) 

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

Ms. Nancy MacGregor (2) 
Waimea Elementary 

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

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

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

Mr. Ed Manglallan (3) 
Pearl Harbor Naval Shipyard 

Mr. Fidencio Mares (1) 
BHP Gas Company 

Mr. Jerry Marr (2) 
City and County of Honolulu 
Dept. of Parks and Recreation 

Mr. John Marui (2) 
Hawaiian Commercial & Sugar 

Company 

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

Mr. Jerry Matsunaka (3) 
UH Mechanical Engineering 

Department 

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

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

Mr. Dick Mayer (1) 
Maui Community College 

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

Mr. Arthur McCornack (1,2) 
Sierra Club 

Mr. Jeff McElroy (3) 
Chevron USA 

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

Ms. Janis McGowen (1) 
Pahoa High School and 

Elementary 

Mr. Janus McGowen (2) 
Hawaii Solar Dried Fruit 

Mr. J. Steven McMullen (2) 
BHP Hawaii 

Mr. Danny Medeiros (3) 
Hawaii Electric Light Company 

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

Mr. Ken Melrose (1) 
Waikoloa Land Company 

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

Mr. James Mengeolt (3) 
Palau Utilities Commission 

Mr.BillMilks (2) 

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

Ecological Services 

Mr. Marvin Min (1) 
The Gas Company 

Mr. Robert Minamoto (1,2) 

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

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

Consumer Affairs 

Mr. Richie Miyagawa (3) 
UH Mechanical Engineering 

Department 

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

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

Mr. Barry Mizuno (3) 
Puna Geothermal Venture 

Mr. Thomas Mizuno (1) 
P ACNAVFACENGCOM 

Ms. Marie Monsen (2.3) 
US. Department of Interior 

Mr. Hugh Montgomery (2) 

Honorable David Morihara (1) 
House of Representatives 

Mr. Robert Morrell (3) 
American Samoa Power Authority 

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

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

Mr. Jay Mulki (1) 
Hawaiian Electric Company 

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

Ms. Leona Murphy (2) 

Mr. John A. Murray (2) 
Management Associates 

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

Mr. Kim0 Naauao (1) 
The Gas Company 

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

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

Mr. Brian Nakumura (3) 
PICHTR 

Mr. Melvin Nakamura (1) 
The Gas Company 

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

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

Mr. Ed Nakaya (2) 
Kauai Electric 

Ms. Iris N. NapaepaeKunewa (2) 

Mr. Morton Nemiroff (1) 
Dole Packaged Foods 

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

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

Mr. Craig Newman (2) 
Expeditions 

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

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

Consumer Affairs 

Mr. Steve Noms (2) 
Support System Associates 

Mr. Barry Northrop (1,2) 
Solar Works 

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

Mr. Amold B. Nurock (2) 
Family Friends 

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

Mr. Nelson Oasay (2) 
Pearl Harbor Naval Shipyard 

Mr. Klaus Obel (3) 
Makani Uwila Power Company 

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

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

Mr. John E. Ogrodny (3) 
ARCO, hc .  

Mr. Donald Okahara (1) . 
Okahara & Associates 

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

Honorable Mike O'Kieffe (1) 
House of Representatives 

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

Ms. Sue Okunami (2) 
Kaumana School 

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

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

Mr. Jon Olson (2,3) 
Puna Company 

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

Ms. Candice Onishi (3) 
Public Utilities Commission 

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

Hiroshiooka (2) 

Ms. Arlene Pangeliian (1) 
University of Hawaii 

Mr. Don Paquing (2) 

Mr- David Parish (2) 
Exports International 

Mr. Jack Pearring (2) 
Hawaii Asphalt Paving Industry 

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

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

Committee 

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

Mr.CraigPerry (3) 
Matson Terminals, Inc. 

Ms. Jennifer Perry (1) 
Kapoho Community Association 

Mr. Joseph Petrie (1) 
Island Energy Systems 

Ms. Judith Pettibone (1,2,3) 

Mr. Patrick Phelan (23) 
UH Mechanical Engineering 

Department 

Mr. Ron Phillips (2) 
Energy Associates 

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

Agriculture 

D. Piercy (2) 

W. Pietrucha (1,2) 
Enprotech - Itochu 

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

Mr. Gregg Pommerenk (1) 
Kapoho Community Assoc. 

Mr. William L. Power III (2) 

Widhyawam Prawiraatmadja (23) 
East-West Center 

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

Mr. Jerome Prior (3) 

Mr. Carlo Priska (2) 
Priska Architect 

Mr. Steve -ell (1) 
Citizens for Jobs & Environment 

Mr. William Quinn (2) 
Goodsill Anderson Quinn & Stifel 

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

Ms. Sarah V. Raisbeck (3) 

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

Ms. Cindy Rapadas (3) 
Guam Energy Office 

Ms. Patricia Rea (2) 
Hawaiian Electric Company 

Ms. Jan Reichelderfer (3) 
Parsons Brinckerhoff Quade & 

Douglas, Inc. 

Mr. Dennis Reeves (1) 
BHP Hawaii 

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

Mr. Ralph Renaud (1) 

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

Mr. Michael Riordan (2) 
Southwest Environments 

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

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

Mr. Ian Sandison (1) 
Carlsmith Ball Wichmann Murray 

Case & I c h i  

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

Department 

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

Mr. Robert Rivard (2) 
Mr. Francis J. Sansone (1) 
University of Hawaii 
Department of Oceanography 

The Honorable Alex C. Santiago 

House of Representatives 
(1) 

Mr. Jim Rizer (23) 
Pacific Basin Development 

Council Mr. Norman Siubbis (2) 
Norman Siubbis & Associates 

Ms. Muriel R. Roberts (1) 
Mr. Gordon Smith (2) 
Hawaiian InterIsland Towing Mr. Louis D. Robinson (2) 

Louis D. Robinson Ltd. Mr. Jay Sasan (2) 
County of Hawaii 

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

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

Mr. John Sprague (2) 
P1cHl-R Mr. Michael Robinson (1) 

Resource Management 
Ms. Kim Springer (1) 
Chiefess Kapiolani Elementary 

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

Mr. Richard Rocheleau (2) 
Hawaii Natural Energy Institute 

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

Dr. Ira Rohter (3) 
Green Party 

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

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

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

Ms. Susan Stayton (2) 
County of Kauai Mr. John Roney (1) 

Hilo Coast Processing Co. 
Mr. Dennis R. Stebbins (2,3) 
Stebbins International Ltd. Mr. Henry A. Ross (2) 

Kohala Advisory Council 
Mr. Jason Schwartz (1.2) 
Energy Exchange 

Mr. Al Streck (2) 
Mr. Kent Royle (1) 
TRB Archit!Xts, Ltd. 

Ms. Estrella Seese (1) 
Hawaiian Electric Company Mr. David Y. Suda (1,2) 

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

Mr. Howard Selnick (1) 
Hui Hoo Pakele Aina 

Honorable Harry Ruddle 
Hawaii County Council 

Mr. Russell E. Rudeman (2) 
Big Island Rain Forest Action 

-UP 

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

Mr. Gerald A. Sumida (1,2) 
Carlsmith Ball Wichmann Murray 

Case t Ichiki Mr. Peter Shackelford (23) 
PIc€rrR Mr. John Lewis Ruppun (2) 

Key Project Mr. Jason Sumiye (1) 

Mr. Kay Sunada (2) 
Halawa Garden Products 
The Organic Recycler 

Mr. Craig Shigeta (1) 
Hawaiian Electric Company 

Mr. Jerry Y. Shimoda (1,2) 
National Park Service 

Mr. Steve Ryan (1) 
NOAAlMauna Loa Observatory 

Mr.BradSaito (1) 
The Gas Company Ms. L. Suzuki, JD, RN (2) 

Mr.JhonShin (1) 
Hawaii Cement Mr. Eric Sakanashi (1) 

State of Hawaii 
HFDC 

Ms. Sharon Suzuki (1,2,3) 
Hawaiian Electxic Company 

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

Mr. Jeff Swindel (3) 
Chevron USA Mr. Ross H. Sakuda (3) 

Hawaiian Electric Company, Inc. 

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

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

Mr. Reupena Tagaloa (23) 
American Samoa Energy Office 

Mr. Robert Shleser (1,2) 
P I r n  

Mr. Jason Tagawa (3) 
UH Mechanical Engineering 

Department 
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. Mr. Steve Tagupa (3) 
UH Mechanical Engineering 

Department 

Mr. Howard A. Takata (1) 
Hawaii County Mayor's Energy 

Advisory Committee 

Mr. Allyn Tam (1.2) 
Hawaiian Electric Company 

Dr. !Kay Tamaribuchi (1) 
UH Foundation 

Ms. Julieto Tamayo (2) 
Hawaiian Commercial & Sugar 

Company 

Ms Arlene Tanaka (3) 
BHP Hawaii, Inc. 

Mr.DanTanaka (2) 
State of Hawaii 
Department of Transportation 

Mr. Gordon Tanaka (2) 
City and County of Honolulu 
Dept. of Parks & Recreation 

Mr. Franc Tatarko (2) 

Mr. John Tang (3) 
UH Mechanical Engineering 

Department 

Dr. Frank Tang (3) 
East-West Center 
Program on Resources 

Mr. Robert Taylor (2) 
Hawaiian Commercial & Sugar 

Company 

Mr. Terry Teller (2) 
Reynolds Recycling Company 

Mr. Alfred Teruya (1) 
Department of Education 

Ms. Jean Tessmer, ASID (1) 
Space Options, Inc. 

Mr. Monty Tester (1) 
A & B Properties, Inc. 

Mr. Kenneth L. Thong (2) 
City & County of Honolulu 
Department of Transportation 

Mr. Xijun Tian (3) 
State of Hawaii 
Department of Business, 

Economic Development, and 
Tourism 

Research and Economic Analysis 
Division 

Mr. John Tochimura (1,2) 
Hawaiian Electric Company 

Mr. Edward Tomp (1) 
Chevron U S A .  Products Co. 

Mr. Charles W. Totto (2) 
State of Hawaii 
Div. of Consumer Advocacy 

Dr. Lisa Totto (1) 
East-West Center 

Mr. Andrew Trenka (2) 
PICZITR 

Ms. Ruth N. Truce (2) 
Education - CDL 

Chris Tsukamoto (3) 
UH Mechanical Engineering 

Department 

Ms. Julia Tsumoto (2) 
State of Hawaii 
Department of Transportation 

Mr. Hilton H. Uemori (3) 
ECM, Inc. 

Mr. Roy Uemura (2) 
Hawaiian Electric Company 

Mr. Roger A. Ulveling (2) 
Roger A. Ulveling, Inc. 

Mr. Patrick J. Valenti (2) 
Valenti Brothers Graphics, Ltd. 

Mr. Joseph Van Ryzin (1) 
Makai Ocean Engineering 

Mr. Stephen Vatter (1) 
Holmes & Narver, Inc. 

Ms. Laurie Veatch (1) 
Citizens for Jobs & Environment 

Dr- Luis A. Vega (1,2,3) 
PICHTR 

Mr. Richard A. von Gnechten (3) 
Hawaiian Electric Company, Inc. 

Mr. Peter Wagner (2) 
Honolulu Star-Bulletin 

Ms. Dawn Waiwaiole (1) 
Lanakila Elementary 

Mr. Dave Waller (1,2) 
Hawaiian Electric Company 

Mr. Xiaodong Wang (3) 

Ms. Marilyn Webb (2) 
Kealakehe Intermediate School 

Ms. Elaine S. Wender (1,2) 

Mr. James Whitcomb (2) 
Haleakala Resources, Inc. 

Mr. Lynn White (3) 
Puna Geothermal Venture 

Ms. Julia L. Wieck (1,3) 

Ms. Angela L. Williams (2) 
University of Hawaii 
Pacific Business Center Program 

Ms. Judy Williams (3) 
Alexander & Baldwin, Inc. 
Mr. Charles Willson (2) 
ECM, Inc. 

Mr. Gary Winn (2) 
Staff, House of Representatives 

Mr.BillWong (3) 
U.S. Army Pacific 

Ms. Elaine Wong (2,3) 
Hawaiian Electric Company 

HamishWong (2) 
Hawaiian Electric Company 

Mr. Joe Wong (3) 
UH Mechanical Engineering 

Department 

Ms. Sandra-Ann Wong, Esq. 

Waimana Enterprises, Jnc. 

Mr. Duffy Wright (1) 
Submetering Systems 

Mr. E. Alvey Wright (1) 
Hawaii Technology 

Dr. Kang wu (3) 
East-West Center 
Program on Resources 

(2) 
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Ms. Wendy Yamaguchi (1) 
Department of Education 

Ms. ann Yamamoto (1) 
Hawaiian Electric Company 

Mr. Bert Yamamoto (3) 
State of Hawaii 
Department of Education 

Mr. Charles Yamamoto (1,3) 
Kauai Community College 

Mr. Dennis Yamamoto (1) 
Yamamoto and Associates 

Ms. Janet Yamamoto (1,2) 
Hawaii Fed. of Garden Clubs 

Mr. Jim Yaks (3) 
BHP Hawaii, Inc. 

Ms. Pearl Ye0 (1) 
The Gas Company 

Honorable Terry Nui Yoshinaga 
State House of Representatives 

Mr. Darin Yokoyama (3) 
University of Hawaii 
Student Housing Services 

Ms. Eileen Yoshinaka (1,2,3) 
U.S. Department of Energy 

Ms. Dale Yoshizu (1) 
Waialua Elementary School 

Mr. Scott Yost (1) 
Unocal 

Mr. Bryan Young (2) 

Mr. Charles Young (1) 
MacFarms of Hawaii 

Mr. Dave Young (3) 
Chevron USA 

h4r. DarreU Young (1,2,3) 
BHF' Hawaii, Inc. 

Mr. Kenneth Young (1) 
Kamaoa Wind Energy Park 

Mr. P.Y. Young (1) 
University of Hawaii 
Agricultural Engineering Dept. 

Mr. Paul C. Yeun (3) 
College of Engineering 
University of Hawaii 

Mr. Lany Zane (2) 
University of Hawaii at Manoa 

Mr. Lynn h e  (3) 
State of Hawaii Library System 

Mr. Vernon Zane (2) 
Matson Terminals. Inc. 

Mr. Jiachun Zhou (3) 
UH Mechanical Engineering 

Department 

Mr. Peter R. Ziegler (2) 
Pacific Synergy, Inc. 
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COMMENTS ON THE HAWAII ENERGY STRATEGY 
PROGRAM 

I NTRO D UCTl ON 

The following is a record of comments about the Hawaii Energy Smtegy (HES) program 
made by participants in the third HES Workshop and provided by mail by individuals or 
organizations who reviewed the Hawaii Energy Executive Summary or Hawaii Energy 
Strategy Final Report. 

The HES Workshop was held on September 20,1995, at Tokai University in Honolulu. 
The comment record is organized by project followed by general comments on the overall 
project. The comments are presented in summary form as recorded by facilitators from the 
Center for Alternative Dispute Resolution and do not represent a verbatim transcript. When 
a reply to the comment was made, it is indicated. Replies made at the workshop have been 
supplemented with additional detail where greater clarity was desirable. Where an action 
was appropriate, the action taken or to be taken is indicated. 

Following the record of comments made at the workshop, the comments received by mail 
are summarized. 

PROJECT 2 -- FOSSIL ENERGY REVIEW AND ANALYSIS 

COMMENT: The chart depicting energy diversification in the draft HES Executive 
Summary (page 2-4) should include 1993 values which would show the major additional 
effects of introduction of the AES Barbers Point coal plant in 1993. 

ACTION: Chart was updated. 

COMMENT: The use of alternative fuels, including coal, should lower dollar costs of 
electricity as it has in Asia. 

COMMENT: There is a lack of competition in Hawaii. What would happen if Hawaiian 
Electric (HECO) became a transmission provider instead of a supplier of energy should be 
considered. 

COMMENT: HECO is currently both a distributor as well as producer of electricity. 

PROJECT 3 -- RENEWABLE ENERGY ASSESSMENT 

COMMEW The values assigned in the report for system cost for Ocean Thermal Energy 
Conversion (OTEC) appear very optimistic. 

Project 3 estimated capital costs for a 60 M W  OTEC facility in 2004 
at $615.8 million, or $8,603 per kW, for a cost of electricity of 20.41 cents per kWh (all 
values in 1993 dollars). These costs were clearly not competitive. 

REPLY: 

Based upon cost figures provided by an OTEC developer'in 1994 
who intended to build an OTEC facility in India, a 100 MW OTEC plant was modeled in 
Project 7 for Oahu at a capital cost of $200 million, or $2,095 per kW, and an electricity 
cost of 4.6 cents per kWh. Such a facility would be cost-effective, but the project in India 
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has not moved forward and whether such costs can be achieved is not known. The point is 

must be greatly reduced over current estimates. 
that OTEC offers a technology which could provi renewable energy to Hawaii, but costs 

PROJECT 6 -- ENERGY VULNERABILITY ASSESSMENT AND 
CONTINGENCY PLANNING 

COMMEN’E Hawaii energy facility vulnerability to natural disasters is summarized on 
Page 2-22 of the Hawaii Energy Strategy Executive Summary. The 20-25 year intervals 
[given for some types of disasters] seems high. 

REPLY The values cited are recurrence intervals which are the time periods 
for potential damage to energy and lifeline facilities. They do not represent the extreme 
value return periods of natural disasters. They are based on historical data and reflect the 
location and relative number of energy and lifeline facilities relative to the hazard. 

COMMENT: [Following a discussion of the heavy oil shipping problem.] From the 
utility company’s point of view, there are no plans for power plants using heavy oil on the 
neighbor islands. 

PROJECT 7 -- ENERGY STRATEGY INTEGRATION 

COMMENT: The oil reduction figures projected in the report appear minuscule compared 
to the reductions planned by European countries. [The ENERGY 2020 scenario runs used 
all renewable energy for electricity generation after 1995 except in cases where oil-fired 
generation was required in the first three years. In addition, a 10 percent alcohol ground 
transportation fuel program and demand-side management further reduced energy demand. 
The result over the twenty year period was replacement of about 7 112 percent of oil use 
over the Baseline 2020 scenario by renewable energy or energy savings.] 

Why do it? Perhaps a consultant from Europe is needed. The suggested scenarios 
represent the “birth of a minnow.” 

REPLY: As noted in Project 2, oil substitution is difficult. If all power 
generation and process heat were replaced by renewable energy, oil use could be reduced 
by 33 percent. A further one percent reduction could be achieved by 10 percent alcohol 
blend ground transportation fuel. Further reductions involve more drastic actions including 
renewable fuels for all marine and ground transportation to achieve 55 percent reduction. 
Going beyond that point involves some as yet undetermined substitute for jet fuel for 
interisland and overseas air transportation. Basically, given current technology, reaching 
the 34 percent level would be difficult. 

In this context, the results of the scenarios modeled in ENERGY 2020 are more 
impressive. Essentially, they take Hawaii 22 percent of the way to its potential oil use 
reduction achievable in the sectors targeted. Moreover, this was done without negatively 
aEFecting the economy with electricity prices within one cent per kWh of the baseline. 

The only way to accelerate use of alternate energy in the electric power and process heat 
sectors would be to begin to retire and replace oil fired units prior to the end of their useful 
life. This measure would be signifcantly more costly to Hawaii’s people. The long useful 
life of oil-fired generation (30-50 years) creates this dilemma, however, it also strongly 
argues for using renewable energy for new generation additions now, or Hawaii will be 
consigned to continuing its overdependence on oil even farther into the future. 
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COMMENT: Further work on energy externalities should consider the cost of living in 
Hawaii and the Pacific Rim, keeping energy costs low to be competitive, and the impact on 
real people [of potentially higher energy costs if externalities are included in energy costs]. 

COMMENT: Fable 2-3, Page 2-27 of the Hawaii Energy Strategy Executive Summary 
suggests mandates for solar water heating in 60% of new construction, residential electric 
water heating controls, and use of biomass in industrial boilers as demand-side 
management methods.] Page 2-27, pull out “mandate”. Enforcement is a challenge and a 
rate incentive is better. 

REiPLY While a mandate was modeled, the DBEDT Energy Division would 
prefer a incentive-based methods of encouraging these actions to reduce energy demand. 
Such incentive-based methods will be considered first in any implementation of these 
recommendations. 

COMMENT: Table 2-4 on Page 2-29 of the Hawaii Energy Strategy Executive Summary 
refers to addition of an “oil steam” power plant. The utilities will not be building any more 
and this should be pulled out. 

In addition, the portfolio calls for an additional 95 MW of refuse-fired generation in 2007. 
Such an increase may not be feasible as enough refuse may not be available as alternative 
uses are made with the green waste component of the waste stream. 

ACr’ION The projection was based upon extrapolation of current waste 
availability. The assumptions will be reviewed prior to future model runs to ensure that 
they include all factors, such as recycling and green waste recycling, related to the potential 
fuel supply to ensure its adequacy. 

COMMENT: I would like to see 1,OOO MW of OTEC in the model scenario. 

REPLY OTEC was modeled in the scenario and, based upon highly 
optimistic cost figures (see above), a 100 MW OTEC system was selected for Oahu in 
2009. A scenario run could be done with more OTEC, but accurate cost figures are 
needed. DBEDT Energy Division will ask PICTHR for their current estimates. 

GENERAL COMMENTS 

COMME&lT: Can the HES Report be made available on diskette. 

REPLY: DBEDT Energy Division can make a copy upon request. The 
requester will need to provide blank diskettes. The report is in Microsoft Word for 
Macintosh. 

COMMENT: The recommendation for the state government to set an example in AFV 
should be followed. 

REPLY: Agreed. 

COMMENT: [In Section 4.2.6.1., Page 4-10 of the Hawaii Energy Strategy Ejrecutive 
Summary, contract structures which assist in obtaining financing at favorable rates such as 
front-loaded contracts were recommended.] Front loaded contracts are a problem. 
Suppliers can beat them by filing for bankruptcy. 
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COMMENT: I am pleased with the energy vulnerability hazard mitigation measures 
recommended for the electricity industry. . 

COMMEITE I am very pleased with the statement in Section 4.2.6.2, Page 4-10, 
“Because a significant number of additional renewable energy projects could be developed 
if not for penetration limits for intermittent resources on isolated grids, studies addressing 
this issue should be a top priority.” 

COMMENTS RECEIVED BY MAIL 

Comments were received by mail from Appropriate Technology Hawai’i, BHP Hawaii, 
Dr. James Dorian of the East-West Center Program on Resources, Hawaiian Electric 
Company, hc., Dr. Ira Rohter of the University of Hawaii Political Science Department, 
and Dr. Luis Vega of The Pacific International Center for High Technology Research. 
Some of these comments differ from positions taken on issues in the Hawaii Energy 
Strategy Report or Hawaii Energy Strategy Executive Summary. In some cases, a 
response is made to the comment. In other cases, we implicitly agree to disagree. The 
comments are summarized below. 

Appropriate Technology Hawai’i 

Mr. Roger H e ,  P.E., of Appropriate Technology Hawai’i provided extensive editorial 
comments on the Hawaii Energy Strategy Executive Summary. These were considered in 
the final edit process. In addition, he offered a number of substantive comments on issues 
raised in the report which are summarized here. 

Ipegarding the Hawaii Energy Strategy goals] There is a missing strategy goal: 
level the playing field. 

The Hawaii Energy Strategy Technical Report should also be distributed state- 
wide. 

REPLY 
pages in length and provides a level of detail unlikely to be used by most 
readers. The Report will be available to those requiring such detail in the 
DBEDT Energy Division. 

The Hawaii Energy Strategy Technical Report is approximately 500 

0 [Regarding the discussion of Hawaii’s position as a price taker in the world oil 
market], Hawaii is a small oil market which could be overwhelmed by more 
lucrative markets willing to pay more, leaving Hawaii high and dry. 

It seems odd that DBEDT didn’t have a current economic forecast. What about 
now? 

REPLY. 
Research and Economic Analysis Division (READ). READ is currently 
updating an economic forecast. 

The lack of a forecast reflected the 1992 priorities of DBEDT’s 

[Regarding the recommendation to improve state vehicle fleet fuel efficiency], 
what about fleet reduction? What about county and private fleets? 

REPLY: This is a good suggestion. County and private fleets come under 
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various provisions of the National Energy Policy Act of 1992; this section 
presents recommendations for the state. 

[The Executive Summary discussed the examination of the possibility of 
developing an energy externalities accounting system in Section 2.7.2.1 Why 
only a possibility? It was supposed to be part of the entire project. This is 
being glossed over. This is just as important as everything else and needs to be 
documented. 

REPLY As we reported, DBEDT Energy Division conducted research to 
determine what other jurisdictions externality policies and experiences were 
with calculating and assigning values to external energy cost so they could be 
accounted for in the energy market. Our research found that the focus 
elsewhere was on air quality-related externalities in areas suffering from heavy 
air pollution - a condition fortunately not as relevant to Hawaii. It was decided 
not to use these values, but to participate in the development of Hawaii-specific 
externalities values in Advisory Groups as part of the IRP process. 

Why is there no discussion of human powered transportation planning? 

REPLY 
diesel use in the transportation sector due to space limitations. The Project 5 
Transportation Energy Strategy Fhal  Report addresses a wider variety of 
measures, including increased use of bicycles and foot access. 

The focus in the Executive Summary was on reducing gasoline and 

BHP Hawaii 

Mr. George E. Bates, Vice Resident, Environmental and Government Affairs, BHP 
Hawaii provided comments based upon his company’s review of the draft Hawaii Energy 
Strategy Final Report. which are summarized below. The comments are referenced to the 
Report. 

The primary focus of the report is to discuss Hawaii’s energy picture and 
lay out alternative fuel strategies to reduce the state’s dependence on 
petroleum. However, the report realistically acknowledges that the state is 
predominantly dependent on petroleum for its energy requirements in part 
due to the necessary demand for jet fuel. The report also recognizes that 
historically, petroleum has been the most economical source available to 
Hawaii and will continue to remain so. 

Our comments focus on the following areas: 

Oil prices low in constant dollars; 

Subsidization of alternative fuels; 

LPG as an alternative fuek 

Non-oil energy sources; 

Refinery Upgrade capabilities; 

Utility gas price comparisons with the West Coast; and 
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- Emergency contingency planning recommendations. 

Oil prices low in constant dollars 

On page 3-5 of the report it is stated that “. . . oil is Likely to remain a critical 
fuel with volatile prices and supply behavior.” BHP requests this statement 
be modified to accurately reflect the true picture of oil prices over the last 
twenty years. . . . oil prices have continued on a downward trend in 
constant 1993 dollars and are currently at their lowest point. World wide 
political change has reduced the power of OPEC and lowered the risk that 
political events can substantially effect prices. Likewise, Hawaii’s 
electricity rates have also remained constant. In addition, it can be noted 
that the consistency in oil prices has caused the price of coal to remain non- 
volatile and constant. 

(3.2.4.1.) 

Government subsidization of alternatives (3.5.5.8.) 

BHP acknowledges the state’s initiatives to pursue alternative fuels. 
However, BHP is opposed to government subsidies for alternative fuels on 
the grounds that such subsidies distort the market and artifcially increase 
the cost of living in Hawaii with little or no real benefit When the market is 
allowed to operate freely, with competition and natural supply and demand 
forces at work the result is lower prices. Where the majority of the 
customers believe that the cost of living presently is too high, increasing the 
cost to consumers should be weighed heavily against the exchange for 
marginal societal benefits. 

Promotion of alternative transportation fuels (3.5.5.5) 

The report refers to many alternatives that are available throughout the U.S. 
and some that have at one time or another been employed here in Hawaii. 
However, propane or LPG used as a transportation fuel, although ranking 
high in near term considerations for alternative fuels, is deleted from the 
overall state strategy because it is not part of the strategy to move away from 
petroleum. BEP believes including LPG as an alternative in the state 
strategy is an efficient use of resources already available. 

Secondly, LPG is an alternative that needs no subsidy, is available now, 
and is the only approved alternative transportation fuel with an existing 
infrastructure to deliver fuel in large quantities. As stated before, the 
demand for crude oil is set by the demand for jet fuel for OUT tourist 
industry. No one product can be solely produced from a barrel of crude. 
Using a petroleum based alternative is not contrary but should be viewed as 
complimentary to the overall strategy of decreasing gasoline usage and 
increasing statewide efficiency of crude oil. The potential to produce 
sufficient quantities of LPG at the refmeries makes it an alternative that is 
good for the environment and cost competitive with gasoline. 

Non-oil energy sources (4.1.3.2.) 

The report includes coal in this discussion and corresponding graph. 
However, coal is a fossil fuel. The report recognizes and promotes coal as 
a viable alternative. However, LPG, a product derived from a fossil fuel 
feedstock which is readily available and a cleaner burning alternative than 
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coal is not viewed as a promotable or viable alternative. This reflects an 
inconsistent and unclear state policy. 

Refinery upgrade capabilities (4.2.2.4.) 

“Increased refmery flexibility would enhance refmers’ capability to respond 
to world oil market changes, and give much more latitude to state programs 
in alternative fuels. The upgrades would include additional upgrading 
facilities, including some expansion of crude distillation and catalytic 
reforming capacity, and substantial hydrocracking capacity expansion. 
(Project 2)” PBEDT Energy Division comment: This is quoted from the 
Hawaii Energy Strategy Executive Summary] 

BHP believes the summary recommendation above oversimplifies the 
results of Project 2 as well as the economics of the situation. Project 2 
reviewed the [state’s] energy situation and the potential impacts of 
aggressive substitution policies in the power generation; and land, sea, and 
air transportation sectors. 

The study states that aggressive substitution [for oil use] would 
substantiaUy increase the volume of refinery surplus products, given current 
capacities. Due to the fact that, “Hawaiian refiners are . . . at a comparable 
disadvantage with respect to most export markets”, the resulting economics, 
“would be threatening to the long-term viability of refining in Hawaii” (All 
quotes from the Project 2, Task II report, page 239. Italics are in original 
repoit) 

The accompanying simulation results (Task IV) show an apparent incentive 
for the local refining industry to expand to serve export markets. BHP has 
found this option to be neither economic nor acceptable from a risk 
perspective. Indeed, utilizing the investment and revenue numbers itom 
Scenario 5 in Task IV, the expansion project has less than a 1 % rate of 
return. This is not an appropriate level of return for a project of this 
magnitude. 

Utility gas prices (4.2.5.1.) 

In this section the report compares utility gas prices in Hawaii with the West 
Coast, Comparing West Coast natural gas prices with Hawaii’s synthetic 
natural gas (SNG) prices is not a fair or accurate comparison. Natural gas 
is an abundant, relatively low cost gas found on the Continental United 
States whereas Hawaii is capable of producing only SNG. The cost of 
SNG is comparatively higher because the feedstock used is priced against 

Energy Contingency Planning (9.2.7.) 

import parity. 

Recommendations for the Petroleum Industry (9.2.7.2.) 

Industry Lead #2. Use water fill as protection of petroleum storage 
tanks. 

In cases of an impending tsunami or hurricane, the refinery 
would not be able to fill tanks fast enough with the current 
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city water system. In addition, at this time we do not have 
the capacity to handle the disposal of the water. 

Recommendations for the Gas Industry (9.2.7.3.) 

The comments that follow reiterate those major points in a letter submitted to 
the Energy Division dated August 11,1985. 

Industry Lead #l. Protect LPG barges used in interisland service. 

It is B W s  normal procedure in cases of a tsunami warning to take 
the barge out to sea or to the side of the island that is not in danger. 
In cases of a hurricane, the barge is tied securely. 

Industry Lead #2. Install automatic shutoff valves on mainline gas 
pipelines for urban areas exposed to earthquake risk 

BHP remains concerned that there are unresolved technical issues in 
the reliability of these valves. The valves that have been located 
respond to earth movement caused by heavy equipment which 
would create nuisance shutoffs. 

Industry Lead #3. Provide maps showing locations of key shut off 
valves for underground gas utility systems to fire department 
officials. 

As a public utility, BHP Gas Company maintains close contact with 
the fire department and civil defense officials during emergency 
situations. However, because of the complexity of portions of our 
utility system, BHP Gas Company must be irivolved in discussions 
regarding shutting down systems. 

Dr. James P. Dorian 

Dr. James P. Dorian, Fellow, East-West Center Program on Resources, Energy and 
Minerals provided the following comments in response to discussions at the HES 
Workshop in which energy savings resulting from the energy policy runs in ENERGY 
2020 were characterized by another participant as the “birthing of a minnow” 
(see page A3-2). 

. . . If I may I thought I would offer a comment about the “birthing of a 
n@now” remark made last week. While everyone has a right to offer such 
comments I believe that this remark misses one important point -- the 
negative repercussions of taking a do nothing approach to energy planning, 
which must be considered in addition to the seemingly small benefits 
accrued by having a proactive policy. W e  Hawaii’s dependency on 
imported oil may decline by only a few percentage points [7.5 percent in the 
scenario runs] over the next two decades given the implementation of the 
plan, reliance and vulnerability would likely increase if a particular strategy 
was not pursued. One only has to look to the United States energy situation 
today where the country is now importing more foreign oil than ever before. 
If, however, the United States had followed a comprehensive plan 
beginning in the 1970s as was proposed by President Nixon, perhaps we 
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would have reduced our oil reliance only slightly, but compared to today’s 
increased dependency that would be the most welcomed. 

Another comment I would like to make is perhaps obvious but still I believe 
it is important -- no matter what steps are taken in the years ahead, Hawaii 
will remain mostly dependent on imported oil, as was indicated clearly in 
your presentation. This fact needs to be openly achowledged and accepted 
by politicians as well as business leaders in the state. Given this realization, 
the long-term energy plan becomes particularly useful in determining how 
best to deal with such a high level of oil dependency. Efforts need to be 
pursued which can ultimately provide for a more stable (though still 
dependent) oil position, such as diversification of sources of supplies, oil 
conservation, and perhaps the siting of a petroleum reserve on the mainland 
or elsewhere. Being heavily oil dependent does not necessarily imply 
extreme vulnerability. 

Hawaiian Electric Company, Inc. 

Mr. Allen Lloyd, Staff Executive Engineer, Hawaiian Electric Company, Inc., 
provided extensive comments and editorial suggestions. Where corrections were 
indicated, these have been incorporated into the report. The following represent 
comments expressing HECO views on several issues. 

1. The 1991 Hawaii Integrated Energy Policy recommendation 1 (Section 
2.2.3., page 2-2) advocated a new “Energy Agency.” HECO stated: 

In our view this is not a good idea for the following reasons: 

The state has a very severe budget problem and for this reason should 
not consider any new agencies or departments. 

DBEDT should continue to coordinate state economic development and 
energy policies. 

The state should avoid creating a new agency that would tend to overlap 
the authority and the responsibilities of the State Public Utilities 
Commission. 

witor’s note: Although this was a recommendation of the HEP in 1991, the state 
administration is not seeking to establish a new energy agency. The Legislature initiated a 
study of a possible energy commission based upon recommendations of the Energy and 
Environmental Summit participants which was completed in 1994. The study, by the 
Legislative Reference Bureau, recommended that an energy commission not be created and 
that DBEDT continue with its ongoing reorganization and strengthen its energy planning 
and policy function. The HEP recommendation is merely reported in the Hawaii Energy 
Strategy Final Report and is not a recommendation of the HES program.] 

2. HECO believes that the Hawaii Energy Strategy goals (Section 1.6.1., 
page 1-5) “can best be achieved through maximizing the ‘electrification’ of the state’s 
economy. It is only through electrification that all facets of our economy can effectively 
utilize coal, geothermal, biomass, wind, OTEC, and hydro-electric energy SOUTC~S.” 
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3. HECO agrees with HES recommendations for cost-effective fuel substitution 
provided that the proposed substitutions minimize our state’s consumption of petroleum 
distillate fuel and reduce the combustion of petroleum products where people live and 
work. HECO also agrees that DSM measures could result in substantial energy savings. 

4. Regarding Figure 3-2, Potential for Current Renewable Energy Technology 
Options for the Island of Hawaii, HECO finds it “very hard to believe that a photovoltaic 
facility can provide clean, harmonic free, utility grade electric energy with full VAR support 
for 17 to 25 cents per kWh. 

In this context, HECO notes that “all of the electric utilities in Hawaii are evening peaking 
utilities. For this reason, intermittent sources such as these can only serve to reduce fuel oil 
consumption and cannot be substituted for fm dispatchable generating units like 
geothermal, OTEC, or coal-fired power plants. For your information, Hawaiian Electric is 
currently paying about 3 cents per kWh for fuel oil.” 

5 - 
‘can theoretically provide all the new generation required to satisfy projected energy 
demand increases in the state between 1995 and 2005’ [Key Findings and 
Recommendations of Project 3 (Section 3.3.7.1, page 3-21)] for the reason that (with the 
exception of biomass and solar thermal trough with auxiliary oil fired boiler) 
technologies offer firm dispatchable power.” 

HECO “does not believe that the renewable energy sources listed in Figure 3-21 

of these 

Firming up wind and photovoltaic with pumped hydro or DC battery 
can be very costly because two weeks of dispatchable energy cannot be 
stored in an economically sized storage system. 

If more than 3 or 4 percent of installed capacity is in wind 
generation, fast ramping storage systems are essential for smoothing out 
system frequency, covering short-term intemptions of supply, and 
optimizing VAR production, but unless these storage systems are relatively 
large, they will not be able to ride through two weeks of no sun (February 
1994) or three weeks of island-wide wind velocities below 12 knots when 
the gEat Pacific high pressure zone moves south and stalls over our state.” 
Pditor’s note: Under such conditions, there is no reason that other 
generators, including oil-fired generators, could not be used to recharge a 
small battery backup system during off-peak hours.] 

HECO also does not agree that wind and wave projects could provide capacity value in 
Hawaii’s isolated and geographically constrained utility systems. They cited detailed 
information from several studies and summarize their concerns as follows: 

With respect to capacity, wind generators cannot be substituted in place of 
fully dispatchable generating units such as steam turbines (biomass, coal, or 
oil-fired), combustion turbines, diesel engines, geothermal, or OTEC 
generators to provide fm capacity for our isolated island electrical systems. 

Because our islands are geographically small (less than 100 miles between 
South Point and Upolu Point), there is very little diversity in the prevailing 
winds during calm weather. 

Because periods of light winds (and overcast skies for photovoltaic 
systems) can last for several weeks at a time, economically sized (in terms 
of megawan hours) storage systems would probably not be able to provide 
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fm back-up for these intermittent energy sources. Pditor’s note: As noted 
above, under such conditions, there is no reason that other generators, 
including oil-fited generators, could not be used to recharge a small battery 
backup system during off-peak hours.] 

6. 
Report’ the statement was made that “gas sales were included because some 
electricity DSM or efficiency policies may shift electricity sales to gas.” HECO 
disagreed with the statement because: 

In several of the scenario runs in Chapter 8 of the’Hawaii Energy Strategy 

We have strongly supported the policy that DSM programs should not 
be used for fuel switching. m t o r ’ s  note: the scenarios describe 
market reactions to DSM programs. The DSM programs themselves do 
not call for fuel switching. However, if someone with gas water heat 
decides to take advantage of a solar water heating DSM program, fuel 
switching would result.] 

The principal competitive market between gas and electric energy is 
water heating. A gas water heater will consume 16 times more energy 
than the electric back-up for a residential solar water heater with a 90 
percent solar fraction. A central gas water heater will consume 5 to 8 
times more energy than a commercial-size heat pump water heating 
system (600 commercial-size heat pumps are currently operating in 
Hawaii. 

7. HECO expressed disagreement with cost estimates for PV solar facilities in the 
Oahu Supply Portfolio (Table 8-2a in Chapter 8 of the Hawaii Energy Strategy Report. 
Alternative figures were not provided. 

8. 
Chapter 8 of the Hawaii Energy Strategy Report contained several “drastic measures” in 
the form of mandates. HECO believes these should be dropped from the report for the 
following reasons: 

HECO noted that the list of DSM measures considered in Section 8.2.2.1. in 

We do not believe that it is compatible with recent trends in public 
sector/private sector qlationships. 

Enforcement would be extremely difficult. Because utilities in Hawaii 
are part of the private sector, they should not be involved in what are 
essentially police activities. Editor’s note: there was no suggestion of 
utility enforcement.] 

We strongly believe that both rate and DSM incentives are the 
appropriate way to move the market in this regard. 

The promulgation and enforcement of building efficiency codes are the 
responsibility of the county councils and their respective building 
departments. 

Unfortunately, bagasse is no longer viable as a sustainable long-term 
source of boiler fuel for future generating units in Hawaii. [Editor’s 
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note: in the scenarios described, bagasse came from production of 
alcohol fuels.] 

9. HECO also expressed concern about the supply portfolios used for the 
policy scenario runs in ENERGY 2020. It should be noted, however, that these 
were the first policy scenarios run in the ENERGY 2020 model and further 
refinement would be necessary before using these to create an alternative plan. 
HECO’s comments about the specific supply options selected by the model were as 
follows: 

For Oahu (Table 8-14, page 8-19): 

45 M W  of Oil Steam -- This is a very uneconomic size for an oil-fired 
steam unit for Oahu. Future oil-fked generation for Oahu would probably 
be limited to combustion turbines or combined cycle generating facilities. 

95 MW of Refuse -- H-POWER produces 46 Mw net. Is there enough 
refuse on Oahu to increase this type of generation by 200 percent b y  
20073? Wtor’s  note: additional information about forecasted refuse 
volumes will be sought in the next iteration to establish a potential for refuse 
power. 

100 MW of OTEC -- This would be nice to have, but can Oahu’s 
economy afford it? [Editor’s note: as noted in the report, selection was 
based upon relatively low costs provided by a potential developer. If the 
costs could be achieved, OTEC would be affordable; however, this is not 
yet clear. J 

30 M W  of Wave Power -- We do not believe that this is practicable. 
The permitting process killed a fresh water hydro project on the Big Island 
because it “might” have interfered with a salt water surfing site. We find it 
hard to believe that such a facility could ever be permitted on Oahu or 
accepted by the general public. 

For Maui (Table 8-15, page 8-19): 

75 M W  of Biomass -- This could be considered if HC&S was convinced 
that federal sugar price policy would allow them to continue to produce 
sugar for another 40 years. Because bagasse is a “waste product” it has a 
“negative value” and makes a very economical boiler fuel. Substituting a 
biomass crop that is grown solely as a boiler fuel radically alters the 
economic equation. 

40 MW of Wind -- for such a heavy penetration of wind power 
generation, battery storage would be absolutely essential to stabilize system 
frequency on an isolated system with a 10 percent wind fraction. However, 
this does not constitute a “fm dispatchable source. . . . [Editor’s note: 
The proposed system does include battery backup which can be charged 
either by the wind generators, or, if they are not available, by other 
generators during off-peak hours. 

25 MW of Refuse -- We hope this option is something that the County of 
Maui can afford. Editor’s note: Based on OUT cost estimates, this is a cost- 
effective option.] 
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For Maui Fable 8-16, page 8-20): 

20 MW of Combined Cycle -- We assume that this refers to the fxst 
CT of a 58 MW dual train installation. [Editor’s note: It does refer to only 
a 20 MW CT. Under the plan developed in the policy scenario runs, all 
additional generation would be renewable and the other elements of the 
planned DTCC system would not be built. 

13.8 MW of Hydro -- This would be a desirable addition. However, 
because it is a “run-of-the-river” facility, it could not be considered a source 
of fm, dispatchable power. 

50 MM of Geothermal -- This would be very desirable. However, 
having a second base loaded geothermal plant on the Big Island may result 
in some minimum load dispatch problems which would have to be 
addressed. [Editor’s note: This would displace a planned oil-fired DTCC.] 

55 Mw of Wind -- This would bring the Big Island‘s wind fraction up to 
20 percent. HELCO presently has frequency stability problems with a 5 
percent wind fraction. Obviously, a large amount of battery storage would 
be absolutely essential for frequency stability reasons. A wind fraction of 
5 percent on an isolated system must be stabilized by battery storage and 
backed up with diesel engines or CTs. Editor’s note: Batteries are paired 
with the wind resource in the policy scenario supply portfolios. The 
batteries, as noted above, could be charged by any resource at off-peak 
times if there were extensive periods without wind.] 

An extensive coordinated system control and stability study would have to 
be conducted to coordinate the operational characteristic of [the above 
systems]. 

Dr. Ira S. Rohter 

Dr. Ira S. Rohter, Professor, Department of Political Science, University of Hawaii, and 
Convener, Hawai’i Research Program for Sustainable Development, offered the following 
comments: 

I first want to commend the Energy Division for a well conceived plan to 
come up with a revised Hawai’i Energy Strategy. The careful laying out of 
several inter-related components, culminating in a computer simulation 
model, deserves praise. Although I have some strong criticisms of some 
specific input parameters, we now have a highly transparent presentation of 
operating assumptions and a simulation model that will allow us to chart the 
effects of quite different assumptions about future energy costs and policies. 

PROBLEM: WEAK PRICING ASSUMPTIONS PRODUCE A 
TRNIAL PROJECTION FOR FOSSIL FUEL REDUCTIONS. 
As I listened to the presentations of assumptions guiding the adoption of 
various demand-side and renewable sources, I was struck with how overly 
cautions were the estimates of oil and coal costs in the future. These 
concerns were evident when you stated -- as I recall from the presentation -- 
that the best projection for 2020 if you adopted “cost-efficient? programs 
would result in only a 6% reduction of oil use, to somewhere in the low 80 
percent level. [Editor’s note: Actually it would be a 7.5 percent reduction 
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by 2014. Additional reductions would require early retirement of oil-fired 
generation. Such early retirement was not justified by our oil price 
estimates, but as Dr. Rohter suggests, if prices were higher, they may 
become desirable.] 

As I voiced in my comments from the floor [at the HES Workshop], this 
minimal reduction in oil use, and increase in coal use (which produces 20% 
more CO, emissions than oil), simply flies in the face of other states’ and 
nations’ energy-reduction experiences and, especially their goals. Nearly 
every industrialized nation is looking to reduce their fossil fuel use by 20 to 
25 percent by the year 2005 or 2010. The European Commission is now 
debating a community-wide carbon tax. Germany has adopted the target of 
reducing CO, emissions 25 to 35 percent below its 1987 levels by 2005. 
Denmark has launched an “Energy 2020” plan that aims to reduce its CO, 
emissions to 20 percent below 1988 levels by 2005. The Netherlands has 
set similar goals, and, along with many other nations, is going ahead with 
specific plans to meet these goals. (Christopher Flavin and Odil Tunali, 
“Getting Warmer: Looking for a Way to Get Out of the Climate Impasse,” 
WORLD-WATCH, M~~~h/Apri l1995.  

Now either (1) Hawai’i’s utilities resident staff is especially sharp in 
discerning what is really feasible, and the European experts are incompetent 
or dreamers, or (2) as I suggested, the assumptions about fuel costs, 
demand reduction, and alternative energy production you have accepted, are 
incredibly conservative, and out of touch with the rest of the world. 

Pditor’s comment: We used fuel cost estimates provided by the U.S. 
Department of Energy’s Energy Information Agency and did sensitivity 
analyses of model runs using high, medium, and low price estimates. 
Model runs found that new renewable generation was technically and 
economically feasible. We used mid-range estimates of renewable energy 
costs. However, since adding renewable generation was less costly than 
additional demand-side management measures, additional DSM options 
would be available at additional costs. The main difference in approach is 
perhaps that we did not re& any generation early and attempted to propose 
alternatives which would not significantly increase the cost of energy to the 
consumer.] 

For example, on page 3-9 [of the draft Hawaii Energy Strategy Executive 
Summary], you state: “Externality costs were not considered in this or 
other scenarios.” [Editor’s note: Elsewhere we did state that we had 
examined externalities in other ( U S . )  jurisdictions. However, we did not 
find these, which focused primarily on air quality considerations suitable for 
consideration in Hawaii and we did not attempt to develop externalities 
specific to Hawaii in this program. We are participating in the effort to 
develop Hawaii-specific externalities as members of the HECO Externalities 
Advisory Group as part of the PUC-mandated IRP process.] For a 
document written in 1995, this assertion is incredulous! Many states and 
nations have accepted “e~ternalities’~ in their calculations to establish true 
cost pricing, so that they can support demand reduction efforts and realistic 
pricing for renewable energy generation. Although Hawaiian Electric’s 
representatives have been dragging their collective feet on acknowledging 
externalities for years, the rest of the world is getting on with it. 
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In Western Europe, more than 50 utility-sponsored efficient lighting 
programs have been undertaken in 11 nations between the years 1987 to 
1992. The California utilities have spent billions since 1980 on DSM 
programs [chart provided is not reproduced here]. Experts at the Lawrence 
Berkeley Laboratory estimate that DSM programs can reduce total energy 
investment in the industrial world by 50%, saving $700 billion. (David 
Roodman, “Power Brokers: Managing Demand for Electricity,” WORLD- 
WATCH, NovemberDecember 1993.) pditor’s note: Hawaii’s utilities 
plan effcient lighting programs as part of their IRP-mandated DSM 
programs. They are awaiting PUC approval. We also proposed and 
modeled additional lighting programs in ENERGY 2020. We clearly fully 
support Dr. Rohter’s point.] 

In terms of electricity generated by solar thermal and wind, again we are 
presented with pricing estimates that are too conservative. Remember, we 
are planning for the next century, and should not remain stuck in the past. 
The latest generation of wind turbines, for example, produce power reliably 
at a cost of 7 cents per kilowatt hour -- which is a price consumers on the 
Neighbor Islands might find attractive, compared to the price they now pay. 
The new generation of super-efficient wind turbines being designed in 
Europe by partnerships between private firms, research institutes and 
government, expected to be ready about the year 2000, will reduce 
generating costs to about 4 cents a kWh. (Derek Denniston, “Second 
Wind,” WORLD-WATCH, Mar~hlAprill993.) 

SOLUTION: USE EXTERNALITIES ESTIMATES TO 
ESTABLISH ‘‘TRUE COST” PRICING FOR FUTURE FOSSIL 
FUEL REDUCTIONS. Carbon taxes and goal setting will become 
accepted ultimately as the U.S. faces the reality of global warming (see 
“Getting Warme?’ and “Climate Policy: Showdown in Berlin,” by 
Christopher Flavin, WORLD-WATCH, July/August 1995.) It is absurd to 
be planning for the building of additional fossil-heled generating plants 
when the state and utilities have hardly done any DSM programs, and 
Hawai’i is one of the best sites in the world for generating renewable power 
and growing biomass fuels: 

SOLUTION: BACK-RUN THE MODELS WITH SET GOALS 
to see what kinds of cost figures and DSM programs would be required to 
meet national goals. I€ we wish to reduce OUT fossil fuel consumption by 
25% by the year 2025, what steps will we have to take? Of course this is 
hardly easy because the simulation model is so complex, but there are some 
plausible scenarios that might be laid out. For example, most economic 
models assume linear growth in population. Play with some lower 
estimates. What happens if electric vehicles are adopted by 25% of the 
population (let alone if this figure were to rise to 7595, a reasonable guess of 
how many of us travel less than 150 miles per day in our automobiles.) 
What happens if HECO were to adopt DSM programs matching those 
established by California’s Pacific Gas and Electric and other Mainland 
utilities. It’s amazing what can be accomplished, once the utilities, and 
government agencies with a l l  their expertise and staff, decide to adopt a 21st 
Century philosophy and seriously embark on present-day advanced 
practices. 
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In sum, I want to endorse your carefully considered steps to now. But I 
hope you will embolden the Report’s conclusions, and lay out a series of 
recommendation for the State to work in partnership with the private sector 
and citizens, who share the common vision of moving towards a sustainable 
energy-use strategy for Hawai’i. 

Thank you. 

Dr. Luis A. Vega 

Dr. Luis A. Vega, Manager, Ocean Energy Programs, The Pacific International Center for 
High Technology Research, stated his belief that additional attention should be paid to the 
potential of Ocean Thermal Energy Conversion (OTEC) for Hawaii. He submitted the 
following summary of progress in the development of OTEC for Hawaii: 

It has been more than a year since we first transformed the solar energy 
stored in our ocean waters into useful electricity. We accomplished this 
using a small experimental ocean thermal energy conversion (OTEC) plant 
at Keahole Point. In 1994, we began to also produce fresh water. This 
work, and work by others, shows that we can indeed make use of the 
energy stored in the relatively small temperature difference between our 
surface ocean waters and those from half a mile deep to produce electricity 
and fresh water. 

There are, basically, two approaches to the extraction of thermal energy 
from the oceans. One is referred to as “close-cycle” and the other as “open- 
cycle”. In the closed-cycle, warm surface seawater and cold deep seawater 
are used to vaporize and condense a working fluid, such as ammonia, 
which drives a turbine generator in a closed loop, producing electricity. In 
the open-cycle, surface seawater is evaporated in a vacuum chamber. The 
resulting low-pressure steam is used to condense the steam after it has 
passed through the turbine. The open-cycle can, therefore, be configured to 
produce fresh water as well as electricity. 

The success of our small experimental plant at Keahole point has been 
helpful in establishing the credibility of OTEC. Sixteen years ago, with the 
price of fuel twice the present value and climbing, and with a successful at- 
sea experiment with MINI-OTEC, federal funding for OTEC development 
was ample. Optimistic proclamations were made with promises for 
implementation “around the corner”. These promises were not kept because 
the funding for solar energy development was curtailed with a change of 
administration in Washington and citizens were left with excellent paper 
studies and wonderful memories of what might have been. 

With the help of some visionary federal bureaucrats and support from the 
State of Hawaii, we were able to obtain 12 million dollars (half from our 
state) to fund the small open-cycle OTEC experimental facility for the 
production of electricity and fresh water. Our facility also helps us explain 
OTEC to federal and state officials, as well as to our citizens, using “red” 
equipment instead of computer models. 

This open-cycle OTEC facility has been operational since December 1992, 
and has produced up to 250 kilowatts (kW or thousand Watts), using 
150 kW to operate the plant, resulting in 100 kW of useable electrical power 
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and 7,000 gallons of fresh (desalinated) water per day. These are world 
records for OTEC. 

When considering electrical energy in Hawaii, it is important to h o w  that 
the residential and commercial demand for our one million residents is 
mostly satisfied with fossil fuel power plants operating throughout the state. 
These plants amount to approximately 1,OOO megawatts (MW or million 
Watts) capacity. In other words, a society like ours needs about 1 MW for 
each 1,OOO residents. Some projections indicate that in the next 30 years, 
the capacity of our power plants will have to be doubled (as the population 
will double) and that most of the existing plants will have to be replaced. 

While birth control could be used to contain our population, and energy 
conservation technologies (e.g., solar water heaters, deep ocean water for 
air conditioning, improved building design tailored to .our climate, etc.) 
should be further implemented to meet additional demand, the aging power 
plants must eventually be replaced, and they can be replaced with 
renewable energy power systems. 

Is there a Hawaiian renewable resource that could be used to meet demands 
for electricity on the order of 1,OOO MW? Yes, OTEC plants make use of 
the ocean resource that is abundant in Hawaii. 

How about environmental effects? They are minuscule compared to fossil 
fuel power plants. Perhaps the best way to illustrate this is by quoting a 
comment made by a federal official while touring the experimental OTEC 
facility: “There is no smokestack.” 

Are OTEC plants cost effective? Yes, under certain assumptions 100 MFV 
OTEC plants could be cost effective in Hawaii. I envision a future with 
several floating OTEC plants deployed throughout our ocean providing all 
the electricity and much of the fresh water required to maintain our standard 
of living. 

How do we get from here to a future in which OTEC plays a leading role in 
Hawaii? The next step required before we can turn OTEC over to the power 
company is to obtain a “track record”. We need to determine how many 
hours per year an OTEC plant can work (capacity factor) before major 
repairs are q u i r e d  (life cycle). Without this information, our economic 
paper studies are just that. The “track record” has to be obtained from the 
operation of a scaled version of a commercial size plant. Our present facility 
is too small (250 kW or 0.25 MW) to be scaled up to 100 MW. A 5 MW 
demonstration plant operated for at least two years should be adequate. 
This last step requires a commitment on the order of 100 W o n  dollars. 
This is a large amount of money for our state government, but relatively 
small for the federal government. Our challenge is to find a way to 
approach Washington and obtain the support required to implement OTEC 
in Hawaii. 

Come and visit our experimental facility at the Natural Energy Laboratory of 
Hawaii Docated at Keahole on the Big Island] and you will see that OTEC 
can play a major role in the future of our state. 
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