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THE GOVERNOR'S MESSAGE

Hawaii's economy

cannot function

without adequate

electrical energy

and transportation

fuel. The imported

petroleum on which

we rely for most of

our energy grows

increasingly expen

sive. The flow of

oil from our main

sources of supply will soon be drastically reduced,

and we may be forced to depend upon the politically

volatile Middle East.

For this reason, our administration

promoted energy conservation and efficiency pro

grams while continuing to develop alternate and

renewable energy resources and technologies. This

promotion and development is being carried out on

many fronts - by Federal, state and county govern

ments and by organizations, planners, scientists and

technicians in the private sector.

As this report will tell you, their determined efforts

are paying dividends in spite of obstacles that often

seem insurmountable. I want to express my thanks

to all of the dedicated individuals who are part of

this vital undertaking.

JOHN WAIHEE



ENERGY RESOURCES COORDINATOR'S OUTLOOK

As Energy Resources

Coordinator (ERC)

for the State of

Hawaii, I am pleased

to submit this report

to the Governor, the

Legislature and the

people of Hawaii. It

describes major

activities initiated or

completed during

1993 in energy

planning, alternate energy development, conservation,

communication, energy education and emergency

preparedness.

Hawaii is almost completely dependent upon imported

petroleum for the generation of electricity. For this

reason, the state is extremely vulnerable to energy

shortages caused by interruptions in supplies of oil.

Hawaii gets most of its petroleum from Alaska and

the Asia-Pacific region, but production is expected to

decrease drastically in those areas within the next few

years. This may force the state to become more

dependent upon petroleum from less-dependable

sources.

As Hawaii's population continues to grow, we will

need increasing amounts of electrical power and

transportation fuel. Our only option is to develop

alternative sources of energy: biomass, hydropower,

wind, geothermal, ocean thermal energy conversion,

wave energy, coal, solar, phorovoltaic, and substitutes

for purely petroleum transportation fuel.

Thanks to the commitment of home owners,

business people, engineers, scientists and planners in

Hawaii's energy community, we are making significant

progress. As Hawaii's sugar industry continues to

close plantations, supplies of bagasse from sugarcane

are dwindling. However, new methods of producing

comparable biomass are being undertaken - and they

look promising. Ingenious new ways to improve the

design of mechanical equipment that use wind and

water to produce electricity are additional examples of

the kind of innovation we find within our energy

community. The achievements of the last 12 months

are extremely encouraging.

The technical capabilities of the Hawaii Department

of Business, Economic Development & Tourism staff

members - plus the expertise they can draw upon

from outside sources - are ample assurance that we

can expect continued progress. Governor John

Waihee's determination to succeed in the area of

indigenous, renewable energy provides us all with

much-needed support for our efforts. The Department's

endeavors to inform the public have received greater

than-expected responses to the need to conserve energy

and support the development of renewable energy

resources and technologies for Hawaii.

Nineteen ninety-three was a year of progress in the

energy field. I look forward to even greater accom

plishments in the year ahead.

MUFI HANNEMANN



EXECUTIVE SUMMARY

During 1993, the Hawaii Department of Business,

Economic Development & Tourism (DBEDT) and its

Energy Division moved forward on many fronts in the

drive to plan Hawaii's energy future, produce alternative

forms of energy, use existing sources of power efficiently,

bolster safeguards against energy emergencies, find

new types of transportation fuels and educate the

public on the necessity for using energy efficiently

and developing Hawaii's renewable energy resources

and technologies.

reduce production of air pollutants and greenhouse

gases through use of energy-efficient lighting systems.

Mid-year brought a milestone in the geothermal

arena. Puna Geothermal Venture (PGV) began

generating 25 megawatts of electricity, thereby

helping reduce the Big Island's energy concerns.

Preliminary assessment indicated the wells have

tapped a productive resource that can support the

generation of additional power.

competition, "Kaahele

resources.

Mid-1993 also produced an important development

in water-generated electricity when the Wailuku

River Hydroelectric Power Plant on the Island of

Hawaii came on line. At full output, the plant can

supply about 11,000 homes with electricity and

replace 83,000 barrels of imported oil a year.

in the a Konawaena

School team drove their photovoltaic-powered

across the U.S. mainland in 41 setting a new

The vehicle, "Spirit of Aloha," had its

interscholastic solar car

A two-year project in solar-powered transportation

came to fruition in June 1993 when "Kaa La 0

("The Sun Car of Kauai") in a

idVV"llJLllC solar powered on the

The Kauai College project

promises to foster that promote

In the area of transportation fuels, sponsored

an evaluation of ethanol fuel production technologies.

Preliminary estimates show that ethanol production

in Hawaii could be cost-competitive with ethanol

produced on the Mainland.

DBEDT made further progress in implementing the

Hawaii Energy Strategy (HES) Program, which links

seven individual projects in a united effort to

achieve an integrated State energy plan. By putting

this program into action, DBEDT is helping planners

and policy makers understand the State's current

energy situation and work toward ideal solutions for

large-scale energy problems.

DBEDT actively participated in the Integrated

Resource Planning ORP) effort mandated by the

Public Utilities Commission (PUC) in 1992.

Notable goals are to encourage aggressive programs

on the part of the utilities to maximum use of

existing resources, diversify their avoid

construction of costly new power

The year 1993 brought pursuit of additional signifi

cant initiatives aimed at using energy efficiently. One

program, performance contracting, enables officials

responsible for State buildings to avoid costly up-front

engineering and installation costs by entering into

agreements that specify energy-efficient technologies

and practices in exchange for a portion of the energy

savings or a specified payment. Another program,

which is part of the Environmental Protection

Agency's (EPA) Green Lights program, seeks to



In conjunction with the Hawaii Natural Energy

Institute (HNEI), DBEDT continued its work with

vehicles powered by M85 (85 percent methanol

and 15 percent gasoline). DBEDT and HNEI

began a demonstration involving vehicles capable

of operating on M85 or gasoline or any mixture of

the two.

The Governor's Energy Awards in November

highlighted a year packed with community outreach

and energy education projects. During October,

which was proclaimed "Energy Awareness Month

in Hawaii," no fewer than 18 energy-related events

turned the.spotlightoIlJ-Iawaii's need to use

resources efficiently, develop renewable

resources and technologies, and nreserve

environment.

DBEDT again sponsored its attention-getting

exhibition at Ala Moana Center. An estimated

2,500 people attended. DBEDT also fostered energy

awareness among school children through its annual

Statewide Poster Contest on Energy. The enthusiastic

youngsters submitted 1,055 posters. And DBEDT's

popular Hawaii Energy Tide Calendar again

brought enthusiastic response from the education

community and the general public.



ENE R G Y

Planning is the key to attaining Hawaii's energy

goals. That planning must be all-inclusive and take

real-life situations into account. It must evaluate the

cost of making changes and find ways to win public

acceptance of them. From time to time, planning

must be reviewed and revised to conform to changing

conditions of energy supply and demand, economic

feasibility and advances in technology.

HAWAII ENERGY STRATEGY PROGRAM

The Hawaii Energy Strategy (HES) program began

on March 2, 1992, under a Cooperative Agreement

with the United States Department of Energy (US.

DOE), with completion scheduled for December 31,

1994. The total project cost is $2,423,310, with the

US. DOE providing a $1,475,000 grant. Another

$315,000 comes from the State's general fund,

$583,310 from US. DOE Petroleum Violation escrow

funds, and $50,000 from the Federal Emergency

Management Agency (FEMA).

Hawaii depends on imported oil for over 92 percent of its

energy needs. This makes Hawaii the most vulnerable

state in the nation to the disruption of its economy

and way of life in the event of a disruption of the

world oil market or rapid oil price increases.

Currently, 40 percent of Hawaii's oil comes from

Alaska and the remainder from the Asia- Pacific

region. The export capabilities of these domestic and

foreign sources of supply are projected to decline by

approximately 50 percent 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 supply disruptions

in the event of a crisis. The long distance from the

U.S. Strategic Petroleum Reserve in Louisiana and

PLANNING

Texas, combined with a declining number of USAl

tankers capable of transiting the Panama Canal, make

timely emergency deliveries problematic.

Environmental protection is also a major concern for

Hawaii and its residents. Energy production from fossil

fuels is the major source of local and global air pollu

tants, while petroleum shipping and handling pose

risks to fragile marine habitats and coastal resort areas.

Hawaii has significant, yet relatively untapped, renew

able energy resources and energy-efficiency potential.

Biomass, wind, solar, geothermal, hydroelectric, and

ocean thermal and wave resources can provide clean,

stable sources of energy supply. The Islands' energy

savings potential would likely allow utilities to 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.

The HES is designed to achieve the following program

goals:

• Increased diversification of fuels and sources of

supplies of these fuels;

• Increased energy efficiency and conservation;

• Development and implementation of regulated

and non-regulated energy development strategies

with the least possible overall cost to

Hawaii's society;

• Establishment of a comprehensive energy policy

analysis, planning andevaluation system;

• Increased use of indigenous, renewable energy

resources; and

• Enhanced contingency planning capability to

effectively contend withenergy supply disruptions.



The HES will assist state 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. It will provide a comprehensive

and integrated system for energy resource data and

technology acquisition, assessments, analyses and

forecasting; energy policy analysis and evaluation; and

energy planning, plan implementation and evaluation.

The integrated strategy will also be useful for regional

planning analyses and Federal analyses by the U.S.

DOE. Federal policies, embodied in the National

Energy Strategy, can be tested and evaluated at the

state level. Hawaii represents an ideal candidate for

such analyses because its geographic isolation allows

policy makers to readily track energy flows, given the

right analytical tools and data.

THERE ARE SEVEN PROJECTS IN THE HES PROGRAM:

Project 1: Analytical Energy Forecasting Model.

Project 2: Fossil Energy Review and Analysis.

Project 3: Renewable Energy Resource Assessment

Development Program.

Project 4: Demand-side Management Assessment.

Project 5: Transportation Energy Strategy.

Project 6: Energy Vulnerability Assessment Report

and Contingency Planning.

Project 7: Energy Strategy Integration and

Evaluation System.

This section of the annual report describes the

accomplishments of each of the HES projects

during 1993.

PROJECT 1: ANALYTICAL ENERGY FORECASTING

MODEL

Project 1 will be completed in early 1994. It is

developing the capability of the State of Hawaii to

conduct comprehensive energy assessments, forecasts

and analyses.Project objectives are as follows:

• Establish a computerized modelfor energy

forecasting and assessment capable of projecting

the demand for energy overa time horizon of at

least 20 years undera variety of different scenarios

dealing with the level and mix of economic

activity, energy prices, technological change,

regulatory standards and utilitydemand-side

management (DSM) programs;

• Develop a datagathering and management

system to support theenergy forecasting and

assessment system; and

• Conduct training to develop state staff expertise

in usingand upc!ating the analytical energy

forecasting model.

Barakat & Chamberlin, Inc. (BCI), was selected as

the project consultant. Work began in April 1992,

and the ENERGY 2020 model was subsequently

selected for the project. In 1993, meetings were held

to define the residential, commercial, industrial and

transportation energy use sectors for use in the

ENERGY 2020 model, which was later installed on a

powerful new computer.

During the first quarter of 1993, the consultants

modified the ENERGY 2020 model for Hawaii's

residential, commercial, industrial and transportation

energy sectors. They also identified data

requirements and developed a data reporting format.

Significant progress was made on the development of

the ENERGY 2020 forecasting model in the second

quarter. During April, BCI and its subcontractor,

Systematic Solutions, Inc. (SSI), finished compiling

and preparing data inputs and generated the first

series of trial forecasts with the model. DBEDT staff

evaluated the model and data inputs and established

priorities for refinement.

By the end of the third quarter, most demand sectors of

the model were complete. The model was changed to

prepare it for use in the future integrated energy



system model being developed under HES Project 7.

This involved building a separate forecasting model

for each of Hawaii's counties. The greater level of

detail will assist in evaluating policy option impacts

at the county level.

Project 1 will be completed in early 1994, with the

final calibration of the demand module of ENERGY

2020 completed and the model results presented to

DBEDT staff. That staff will receive training on the

operation of the model in January 1994.

PROJECT 2: FOSSIL FUEL REVIEW AND ANALYSIS

Project 2 conducted a comprehensive Hawaii and

Pacific area fossil energy review and analysis. The

project examined oil, gas and coal opportunities in

Hawaii in order to conduct comprehensive energy

assessments, forecasts and analyses. The project also

investigated further additional use of coal in Hawaii.

product blending and import/export behavior to

balance supply and demand and to maximize profits

and efficiency. It was calibrated in September.

The Project 2 final report was completed and delivered

in December. It provides an understanding of all

aspects of Hawaii's current primary energy source.

PROJECT 3 : RENEWABLE ENERGY RESOURCE
ASSESSMENT AND DEVELOPMENT PROGRAM

One goal of the HES program is to increase the use of

indigenous, renewable energy resources. Project 3 is

working to produce a comprehensive assessment of

Hawaii's renewable energy resources and prepare a

long-range strategy for developing them. The project

will refine and build upon the previously completed

renewable energy work in Hawaii by establishing the

resource- and technology-specific potential

contributions renewables can make to Hawaii's

energy mix.

mix.

In R. Lynette & Associates (RLA) was selected

consultant for Project 3, and work began in

November. In the first quarter of 1993, the choice of

best potential wind and solar project sites was

The project's work is divided into three phases. Phase

I is developing a renewable energy resource plan.

II is developing renewable energy resource supply

III, which is being conducted

concurrently with Phase II, is collecting additional

data for use in developing a plan to

int:egrat:e renewable energy resources into Hawaii's
EWC and DBEDT co-sponsored a two

seminar on "Fossil Energy in Hawaii" to

obtain feedback from the

In

The East-West (EWC) Energy Program, with

Argonne I'.lc, t- i,~n,~1 Laboratory its subcontractor,

was selected as tecnrncat ~l"IJIJ'ULCconsultant for this

project in quarter of 1993, the

drafts of five of Fossil

Fuels

companies, Hawaiian LLC"U "" l]()Inpany

environmental

government agencies and the banking comrnunity

brought the joint DBEDT-EWC development

scenarios for Hawaii's possible energy futures,

2014, analysis. In August, significant

progress was made toward the construction of a linear

program (LP) model designed to simulate Hawaii's oil

refining and trade activity. The LP model simulates

crude oil purchasing decisions, refinery operations,

Resource areas for wind and solar were mapped and

technology-specific constraints were developed for

wind, solar thermal and photovoltaics (PV) (based on

utility-scale projects for electricity production), and

were used to further eliminate sites with little

potential. Biomass resources for energy crops were



similarly mapped based on soil and climate conditions.

A preliminary list of potential hydroelectric projects,

including upgrades, was developed. Additional sites

for wind, solar and biomass will be eliminated on the

basis of discussions with landowners during the field

surveys to determine their master plans for the land.

For hydroelectric projects, public acceptance and

environmental impact will playa large role in

eliminating projects under consideration.

In January 1993, RLA began to formulate plans for

field surveys, defining survey objectives and

identifying and contacting the major landowners,

utility representatives, developers, government

officials and environmentalists based on information

obtained. The project list for potential renewable

energy development was greatly refined. The field

surveys were initiated at the end of February and

completed in March.

In the second quarter, RLA began to develop the

assessment plan. Preliminary project lists for wind,

solar, biomass, hydroelectric, wave and ocean

thermal energy conversion (OTEC) energy projects

were compiled for each island. The site list was

screened for environmental and cultural sensitivity.

All available monitoring data for wind and solar

resource assessment was reviewed to identify and

acquire any data that will be useful in developing

performance values for wind and solar projects.

Where data was not publicly available for potentially

valuable renewable energy sites, the locations were

targeted for monitoring.

The available transmission capacity of utility lines in

the vicinity of all proposed intermittent projects was

investigated. Projects larger than those defined by the

penetration limits will be considered in order to

account for factors such as changes in demand, more

sophisticated utility operating procedures and third

party electricity sales.

RLA completed the Draft Renewable Energy Resource

Assessment Plan. The report described potential

renewable energy project sites and a monitoring plan

designed to allow adequate resource assessment to

develop resource supply curves in Phase II.

Development of renewable energy resource supply

curves was begun in 1993 and is more than 90

percent complete. A user-friendly, renewable

energy resource supply curves computer model was

developed by RLA.

Data collection began under Phase III to obtain a

year's solar and wind data at these potential project

sites. This data collection effort, using equipment

installed at each site, will continue over the next year.

Work was also initiated to compile the cost and

performance data on renewable energy conversion

systems. RLA will compile the most current cost and

performance data for each of the renewable energy

conversion technologies. It will use several performance

models to facilitate accurate performance estimates,

including a solar energy generation model developed

for LUZ International (LUZ), PV performance models

used by Pacific Gas & Electric and wind energy

performance models developed by RLA.

In addition, before year's end, work began on

analyzing and reducing existing renewable resource

data. In many cases, this work had already been

completed by RLA in conjunction with work on

other projects. Based on the renewable resource data

and data from the vicinity of potential project sites,

RLA is using a variety of specialized software to

process the resource information.

As the on-site data gathering effort will not be

completed until late in 1994, it will not be possible to

include the results in the initial HES Project 7

integration runs. The resource supply curves

developed from existing data will be used. The results



of the monitoring will be included in the final report

and used in subsequent planning efforts.

• Collectdata to fill datagaps identified in Project 1

and in this project's work.

Flow charts were completed to describe DSM-related

functions of the ENERGY 2020 model and

incorporated into the End-Use Database Framework

and Format report. A draft measures database and

handbook was under review at the end of the year.

In the first quarter of 1993, the DSM Measure

Database Framework and Format and the End-Use

Database Framework and Format were received. The

DSM Measure Database Framework and Format was

defined for use in developing a demand-side management

measure database for DBEDT. The End-Use Database

Framework and Format provided the framework to be

maintained within the ENERGY 2020 forecasting

module.

PROJECT 4: DEMAND-SIDE MANAGEMENT (DSM)
ASSESSMENT

DSM is any utility activity aimed at modifying the

customer's use of energy to produce desired changes in

demand. It includes conservation, load management

and end-use efficiency programs. DSM offers the

potential for lower utility bills and avoidance of major

plant inv,estments. Benefits are also possible in reducing

the environmental impact of utility energy supply

production and potential diversification of resources.

The PUC has directed each Hawaii utility to

develop an IRP, which involves identification

of the resourcesor mix of resourcesfor meeting

consumer energy needs in an efficient, reliable

manner and at the lowest reasonable cost.

DSM is an essential IRP resource.

The DSM Resource Assessment Project

will develop a comprehensive assessment of

Hawaii's demand-side resources. The work

is divided into two phases. BCI was selected

in 1992 as the consultant for the first phase.

Phase I work was completed in 1993. The

Phase I objective was to:

• Develop a framework and format for end-use and

DSM measures data bases;

• Identify datagaps and establish a work planfor

collecting missing data; and

• Develop a DSM measure database.

Biomass
:D8M

Phase II got under way in October 1993. NEOS

Corporation (NEOS) was selected from among four

bidders to perform this work. The objectives for Phase

II are to:

• Assess end-use energy consumption by island and

sector, with an emphasis on the commercial

sector to develop Hawaii-specific DSM program

concepts;

• Develop a DSM assessment, characterization and

evaluation capability within the DBEDT; and

A Phase II initiation meeting was held during

December to set the course of the remaining work.

Work was initiated to develop building prototypes to

be used in Phase II to simulate the effects of DSM

program options on Hawaii's commercial building

stock. A detailed identification of building types

selected for prototype development was completed in

December.



PROJECT 5: TRANSPORTATION ENERGY STRATEGY

This project is developing a transportation energy

strategy for Hawaii. The transportation sector is the

largest energy-consuming sector in Hawaii, accounting

for over 64 percent of the petroleum demand. Local

production of transportation fuels and feedstocks has

potential to improve Hawaii's economic security and

provide jobs for Hawaii's people.

Heretofore, energy concerns have not weighed heavily

in Hawaii's transportation planning, and energy

demands have not been considered or quantified. The

demand portion of this project

PROJECT 6: ENERGY VULNERABILITY ASSESSMENT

REPORT AND CONTINGENCY PLANNING

This project will comprehensively assess Hawaii's

vulnerability to energy supply disruptions. The

objectives are to:

• Conduct a comprehensive assessment of

Hawaii's vulnerability to energy supply disruptions;

• Evaluate prospective industry/state emergency

preparedness actions and acceptable levels of risk

in view of potential vulnerabilities; and

• Recommend initiatives and plans to enhance

Hawaii's contingency planning and response

capability.

Stattord Act.

6 was scheduled to get under way in June

was informed of the opportunity to

mitigation relating to energy

energy emergency prepared-

FEMA as Hurricane Iniki hazardness

mitigation effort under the

PROJECT 7: ENERGY STRATEGY, INTEGRATION AND
EVALUATION

Revisions were made consistent with FEMA's

request, and the application was resubmitted for

FEMA's consideration. This project will begin

following grant approval by FEMA.

Project 7 will integrate the findings of the overall

HES program into a comprehensive State energy

An application to FEMA to conduct

on an equal, emit-shared

develcned and submitted. The application was

the state with a request to revise the

work by including additional detail regarding

specific hazard mitigation measures which may be

recommended for implementation. It was also

recommended that the project be divided into two

phases, with the assessment in Phase I and the

implementation of Phase I recommendations in

Phase II.

substitution by

pOlcential in each

• Identify and quantify indigenous resources for

production of fuels and transportation energy;

• Describe Hawaii's existing and potential

transportation fuels systems;

• Identify and discuss the most promising

conversion technologies and possible energy and

fuel production costs; and

• Develop an actionplanfor supplying transporta

tionenergy to meet future projected demand.

L/CVCOOVVa transportation energy

are to:

The transportation energy supply portion

summary will provide a basis for managing and

planning transportation fuel supplies. The objecnves

Work continues to identify and evaluate the most

effective transportation energy policies and actions,

and to develop implementation plans. The final

report is also being completed, with expected deliv

ery in late March 1994.



strategy. Recommended policy, legislative and

regulatory initiatives for implementation and

evaluation will be developed.

The objectives are to integrate and synthesize the

HES program into a final report. This will include

facilitating the integration of information between

the other six projects and inclusion of that

information in the final report. The draft final report

will be presented to the public to obtain feedback for

inclusion in completing the final published report.

Based upon the work in the projects, DBEDT will

identify, assess and recommend the optimal public

policy mechanisms (e.g., legislation, regulation,

information programs, etc.) by which to implement a

least-cost strategy for energy development in

Hawaii. Existing energy policy and planning

management frameworks will be used for synthesis,

integration, implementation and evaluation of policy

and planning initiatives that will emerge from the

component projects.

Project 7 will also develop, propose, implement and

evaluate policy initiatives and plans to formalize an

energy strategy performance management system

within state government and policies and procedures to

internalize energy externalities in Hawaii's regu

lated and non-regulated energy sectors.

DBEDT staff began Project 7 when the initial draft of

the overall HES Final Report outline was finalized in

June 1992. The outline was included in the HES

Program Guide in September 1992 and provided to

all project managers and their consultants to assist

them in developing a compatible final project report.

SSI, the consultant, will focus on developing a Hawaii

Energy Policy Integration Model (HEPIM) using

ENERGY 2020 and the use of the model to evaluate

the effectiveness of various policy options. SSI will

also train DBEDT staff in the use of the model.

The schedule calls for initial model runs in June 1994

with final runs in August to allow incorporation of

results into the draft final report.

Public involvement is important to the state's energy

planning process. The interim results will be presented

at a public HES workshop on January 11, 1994. The

draft HES final report is expected to be completed in

early fall 1994 and will be presented to Hawaii's citizens

in a series of public meetings throughout the islands.

The input received will be included in the final

report at the end of the year.

Inaddition to meeting the goals outlined above, the

HES program will create a state energy data modeling

capability; develop comprehensive statewide energy

resource assessments; and initiate biennial energy

planning. DBEDT is also focusing on transferring

important skills from the consultants to the staff to

strengthen energy management expertise.



In 1992, bagasse created by the

other forms of biomass provide a out 142.7 mi ion

kilowatt hours (kWh) of electricity on the Island of

Hawaii, 78.7 million kWh on Kauai, 157.2 million

kWh on Maui, and 454.7 million kWh on Oahu.

Thus biomass produced about 8.2 percent of the

State's total electricity in 1992.

In September 1992, however, Hurricane Iniki severe

ly damaged sugar processing and power generating

facilities on Kauai. Furthermore, the shipping of No.

6 oil from Oahu was in danger of stopping because of

unlimited liability to shippers in the event of an oil

spill, and Neighbor Island plantations were forced to

use more expensive diesel (No.2 oil) fuel. Although

a 10-megawatt (MW) turbogenerator replaced a

9-MW turbo-generator at the Hawaiian Commercial

& Sugar Company's (HC&S) Paia, Maui, factory,

the sugar industry generated less electricity,

purchased more electricity and used less electricity

than in the previous year. The industry's share of the

total energy produced statewide dropped to about 5.3

percent in 1992, compared to 5.7 percent in 1991.

Between 1986 and 1993, DBEDT cooperated with

the Hawaiian Sugar Planters' Association (HSPA)

BIOMASS-To-ENERGY RESEARCH FACILITIES

Sugar canebeing hauled to themill.

Among the 50 states, Hawaii is a leader in developing

renewable energy resources. In a single year, renewable

sources of energy such as biomass, wind, hydropower,

biogas, PV and solar thermal have saved the State as

much as 3.5 million barrels of oil and reduced carbon

dioxide emissions by an estimated 1.9 million tons.

However, Hawaii residents must make far greater use

of renewable resources if they expect to significantly

reduce dependence upon imported petroleum and

associated pollution.

ALTERNATE ENERGY DEVELOPME

Other alternatives such as OTEC and hydrogen are

also under development but may not be ready for

commercial use on a large scale for years.

A number of applications of biomass, wind,

hydropower and solar thermal are presently cost

competitive with fossil fuels. However, energy

obtained from other renewable sources will not be

economically feasible until it can compete with

petroleum in terms of cost. DBEDT is working to

promote a cleaner environment and increase energy

security for Hawaii's people. DBEDT works closely

with the U.S. DOE, the University of Hawaii (UH),

Natural Energy Laboratory of Hawaii Authority

(NELHA), the Pacific International Center for High

Technology Research (PICHTR), and private

industry to increase research, development,

demonstration and commercialization of Hawaii's

indigenous energy resources.

BIOMASS

Biomass is the largest source of renewable fuel in

Hawaii. It consists primarily of bagasse, the fibrous

waste from sugarcane. Sugar mills use bagasse from

sugarcane to provide thermal power and electricity

for their own operations as well as electricity for sale

to utility grids. Biomass is also considered a potential

source of fuel for ground transportation.



services.

Phase I construction of the Maui Biomass
Gasification Facility.

PRODUCING ENERGY FROM LANDFILL GAS

The primary

purpose of the

pre-commercial

biomass

gasification and

gas cleanup

research plant

is to test the

technical feasibility of producing a fuel gas from sugar

cane bagasse. Phase I is scheduled to be completed in

December 1994. Final evaluation will determine the

technical feasibility of the gasifier and the justification

of proceeding to Phase II: to utilize biomass-produced

gas in a gas turbine to generate electricity. The project

may eventually lead to the production of methanol

fuel for transportation purposes. Subsequent phases

will also test fuel cells and the production of chemical

by-products. Act 299, SLH 1993, provides an additional

$4,000,000 in Capital Improvement Project funds to

match federal funds for Phase II construction.

grasses to serve as a

basis for the establish

ment of commercial

biomass to energy

industries for conversion

to electricity,

transportation fuels,

chemicals and other

value-added products.

DBEDT provided funding totaling $662,000 while

the other participants provided sites and in-kind

The biomass project identified yield information on

various species and identified those best adapted for

each location for the establishment of dedicated

biomass farms.

sugar companies and the U.S. Soil Conservation

Service in maintaining five research facilities on four

Neighbor Islands to provide a database of growth and

yield data for various

species of trees and

Eucalyptis treefarm on the Islarui of
Hawaii.

Students on a field visit to a biomass farm
on the Island of Hawaii.

SUSTAINABLE BIOMASS ENERGY PROGRAM

The objective of this $240,000 project, begun in March

1993, is to evaluate the feasibility and best approach to

using crops and agricultural lands for the production of

energy and fuels. The focus is Hawaii County in general

and the Hilo/Hamakua region in particular, but the

results will be applicable statewide. The project is

intended to assess the opportunities for economic use of

former sugarcane lands on the Big Island.

BIOMASS GASIFICATION FACILITY

DBEDT officials are looking forward to the technical

advances that may result from a $9.2 million project

undertaken on Maui by DBEDT, HNEI and HC&S.

The u.s. DOE provided $5 million in funding, the

State of Hawaii $4 million and HC&S $200,000 in

in-kind support.

The transition from open dumps to professionally

engineered and operated landfills has resulted in an

alternative source of energy: landfill gas caused by

decomposition of buried organic matter. Landfill gas

from the Kapaa Sanitary

Landfill in Kailua,



Oahu, is being used to fuel a 4,500-horsepower gas

turbine installed at the landfill by Kapaa Generating

Partners, of which Ameron HC&D is a limited partner.

Work on the project started in 1988. To recover the

gas, engineers drilled several wells into the landfill and

connected them by a network of pipes to a header for

gas collection and transportation to a central point. A

compressor provides a vacuum to collect and boost

the gas to a pressure sufficient for injection into the

turbine engine, which then burns the gas and produces

horsepower to turn a generator and make electricity.

The energy produced by the plant is routed to HECO.

Energy in the form of heat produced by a landfill

gas-fueled turbine can also be used for various

industrial processes. The generating plant was sited

adjacent to Ameron HC&D's Kapaa Quarry to allow

Ameron HC&D to use the turbine exhaust heat to

dry fine aggregate materials produced in its

manufactured sand unit. A ducting system necessary

to route the turbine exhaust heat to Kapaa Quarry

was built in 1990. The turbine exhaust heat replaces

heat that was formerly derived from a~ oil-fired burner.

This simultaneous production of electric power and

usable thermal energy is an example of cogeneration.

Producing both power and heat with a cogeneration

system requires considerably less fuel than is required

to produce the same amounts of electricity and heat

in separate systems. By diverting the turbine exhaust

from the atmosphere - where it would normally be

vented - Ameron HC&D eliminates the need to

burn about 300,000 gallons of No. 2 diesel fuel oil per

year at Kapaa Quarry to dry its fine aggregate materials.

By tapping the energy available in landfill gas, an

otherwise wasted resource is returned in the form of

useful energy, and reliance on nonrenewable fuel

sources is reduced.

COAL

Start-up of a coal-fired cogeneration plant by AES

Barbers Point, Inc., marked a major achievement in

reducing Hawaii's dependence upon petroleum. The 180

MW plant began full-scaleoperations September 1,1992.

The plant reduces HECO's use of imported oil by

about 5,500 barrels per day, which is about 15 percent

of HECO's current use. The plant also supplies 30,000

pounds of steam per hour to the Chevron USA oil

refinery at Barbers Point for use in heating oil storage

tanks. Coal ash, the final byproduct of the power

plant, can be used in fertilizer, concrete block, struc

tural fill, select barrow aggregate and as a cement

replacement for the production of concrete products.

The $383 million AES plant provides about 11 percent

of Oahu's electrical generating capacity, thus reducing

dependence on oil for production of electricity. The

plant uses very low-sulfur Indonesian coal, fluidized

bed combustion, and limestone injection to minimize

sulfur dioxide emissions. The reduced-temperature

fluidized bed design, along with ammonia injection,

reduces nitrogen oxide emissions and converts them

to nitrogen gas and water vapor. Particulates are

removed by fabric filters. As a result, emissions are

less than half those permitted by the Federal Clean

Air Act standards. The Clean Air Act does not set

emission limits for carbon dioxide, which is a

combustion byproduct of all fossil fuels and a

suspected agent in global climate change. However,

AES has acted voluntarily to reduce this impact of the

facility by contributing $2 million toward the purchase

of a 143,000-acre nature reserve in South America.

Trees in the virgin forest there will absorb carbon dioxide

from the atmosphere and convert it to oxygen.

GEOTHERMAL

In meeting State Energy Functional Plan objectives,

DBEDT has actively supported the commercialization

of Hawaii's abundant renewable energy resources. Of

the many locally available energy resources, geothermal

energy has been viewed as the best near-term

indigenous resource to meet the Island of Hawaii's

energy needs.



Puna Geothenna/'s 25-MW powerplant.

facilitate development of PGV and

True/Mid-Pacific Geothermal Venture to

explore, develop and generate geothermal

electricity in a safe, environmentally

acceptable manner limited to Island of

Hawaii use.

PUNA GEOTHERMAL VENTURE

The state's energy management activities are directed

by DBEDT which advances the use of alternate energy

resources and implements state policy pertaining to

geothermal development. In this capacity DBEDT

facilitates coordination and communication between

state and county geothermal regulatory agencies. It

also plans and administers programs in support of the

resource management and environmental protection

functions of these agencies.

GEOTHERMAL RESEARCH AND MONITORING

example of such support is the work of the UH

School ofO(:ean, Earth Science and Technology, to

which DBEDTissued a contract in 1992 to conduct a

program to advance understanding of the Island of

Hawaii's Kilauea East Rift Zone and to monitor the

potential effectS6f currentgepthermal development

activity.

Core samples retrieved Scientific

Observation Hole program Kilauea's East Rift

being analyzed by UH and independent

determine mineralogical and chemical

To help meet the Island of Hawaii's growing demand

for electrical energy, PGV uses modem reinjection

technology to dispose of spent gases and fluids from

the production process. PGV's KS-9 and

production wells, both completed in have

provided firm energy on a to Hawaii

Electric Light Company

After lengthy legal and technical delays PGV began

generating 25 MW of electricity in mid-1993. The

long-awaited production of electrical energy from

geothermal resources has alleviated some of the Island

of Hawaii's energy concerns and has contributed

toward increased energy diversification for Hawaii

County.

Preliminary assessment mdicates that the wells

tapped a productive, high-pressure resource capaote

of supporting of additional power.

Consequently, has

discussions with

production. State and county regulators continue

monitor plant operations for compliance

conditions.

through 1989, the state envisioned a

large-scale 500 MW geothermal/inter-island

submarine cable project as an alternative to Hawaii's

extreme dependence on imported oil to generate

electricity. However, current state policy provides for

the development of geothermal energy as a potential

resource exclusively for the Island of Hawaii. In

accordance with that policy, the state continues to

UH researchers are also monitoring

groundwater system and fluids from deep geothermal

wells, geothermal reservoir pressure and seismic

events to gather baseline information essential to

proper management and regulation of the resource.

Other UH researchers are developing a numerical

hydrologic model to forecast potential changes in

response to geothermal development that will

contribute to an integrated understanding of the



More hydropower plants on the Neighbor Islands

have been proposed but permitting requirements

have not been completed.

Puueo Hydroelectric Plant.The fifth plant, the

largest in the state at 12

MW, is owned by the Wailuku River

Hydroelectric Power Company and began operation

in May 1993.

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 also to HELCO.

near Hilo, four of

which are owned and

operated by HELCO.

The HELCO plants

range in size from 0.4

MWto 1.5 MW

capacity.

geothermal system. The data and analyses resulting

from this program will provide information beneficial

to the state and county regulatory agencies and will

facilitate the u.s. DOE's preparation of an

Environmental Impact Statement (EIS) mandated by

the Federal court for a conceptual large-scalegeothermal

development scenario. The program will continue

beyond 1993.

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 a total of 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.

Therefore, hydropower in Hawaii is considered an

"intermittent" and not a "firm" resource.

Seven hydroelectric plants are on Kauai. They range

in size from 0.5 MW to 3.7 MW capacity. 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 hydro

power plants on MauL The largest has a

capacity of 4.5 MW. During 1992,

these plants supplied about 2 per

cent of Maul's electrical needs.

The Island of Hawaii has nine

hydropower plants.

Five of them are located

on the Wailuku River

\Vailuku River
Hydroelectric Power
Plant's Turbine
Generator.

WAILUKU RIVER HYDROELECTRIC POWER PLANT

Construction of the 12-MW hydropower plant on the

Island of Hawaii's Wailuku Stream was completed in

early 1993 and began producing electricity in May

1993. It was dedicated on July 30,1993, and was the

first commercial hydroelectric power plant to be com

pleted on that island in 50 years.

DBEDT testified in support of special purpose rev

enue bond funding for the hydroelectric power plant

project during the 1993 Hawaii legislative session.

DBEDT also participated in various hearings with the

State Water Commission and Hawaii Department of

Land and Natural Resources to support the project.

The Wailuku River Hydroelectric Power Company

plant generates about 34 million kWh of electricity

per year, enough to supply 11,000 homes at full out-



Wailuku RiverHydroelectric Power
Plant's Diversion Wier.

put and replace 83,000 barrels

of imported oil. Private funding

supported the project with the

assistance of $25 million in

state-approved special purpose

revenue bonds.

The hydroelectric power plant

is upstream from two hydro

electric projects owned and

operated by HELCO since the

1920s.

OCEAN THERMAL ENERGY
CONVERSION

through a condenser containing the vaporized

working fluid, turns it back into a liquid, which is

recycled through the system.

Open-cycle OTEC uses warm surface water itself as

the working fluid for the system. The water vaporizes

in a near vacuum at surface water temperatures, and

the expanding vapor drives a low-pressure turbine

attached to a generator that produces electricity.

Hybrid OTEC systems use parts of both open- and

closed-cycle systems to optimize production of

electricity. Hybrid systems are still in the early design

stages.

OTEC makes use of the temperature difference of the

warm ocean surface water and cold water in depths

below 2,000 feet to generate electricity. Net power

can be generated so long as a difference of 40 or more

degrees Fahrenheit exists between the warm upper

layer and the cold deep water. The nutrient-rich, cold

sea water from the OTEC process has many additional

uses, including air conditioning buildings, assisting

agriculture, and growing fish, shellfish, kelp and other

sea plants.

OPEN-CYCLE OTEC DEMONSTRATION PLANT

A Zl Ovkilowatt (kW) (gross) open-cycle OTEC

experimental facility at NELHA was dedicated April

16, 1993. The project was coordinated by PICHTR.

The plant is expected to produce a net output of 40

to 60 kW and operate until 1995. The experiment is

the world's first demonstration that open-cycle

OTEC can produce net power. The project was

funded jointly by the u.s. DOE and DBEDT.

CLOSED-CYCLE OTEC

Ground was broken
Although OTEC has been successfully tested in small

plants, a pilot plant of commercial size needs to be

built to further document economic feasibility.

At Keahole Point on the Island of Hawaii, NELHA is

considered the world's foremost testing facility for

OTEC and OTEC-related activities.

There are three basic types of OTEC processes:

closed-cycle, open-cycle and hybrid-cycle. In the

closed-cycle system, heat transferred from the

warm surface sea water causes a working fluid such

as ammonia to turn to vapor. The expanding

vapor drives a turbine attached to a generator that

produces electricity. Cold sea water passing

atNELHA on

March 16, 1993, for

a 100-kW closed

cycle OTEC plant,

the first to be built

using aluminum

alloy roll bond heat

exchanger plates.

The plant is a joint

project ofNELHA

and a planned

consortium of

HECO,Makai

Ocean Engineering Open-Cycle OTEC
Demonstration Plant.



and Alupower, a u.s. subsidiary of Alcan Aluminum,

Ltd., of Canada.

The final report on the project was received and

accepted in 1993. The results were presented at two

seminars in Hawaii in early 1993.

Plans callfor a 1-MWclosed-cycle will

increment is Based on this assessment, the following conclusions

have been drawn regarding the viability of SEGS

Hawaii:

the leeward sides of the

solar resource

was about

YP ",l1Y"P available

Electric point to SEGS

MWor (except on

an 80-MWplant is suitable);

to 50

• weresignificantly higher than those

California SEGS plants because of

sitingcharacteristics, shipping, taxes and

the nc.tinn'o

called

thermal power

several alter

imported petroleum:

trnn; .. ", I zone nr()u;,rjp<

throughout the

to

levels

insolation). Using this radiation,

or PV power can provide

native sources of power to

About 55,000 in

heaters, making

highest per capita installation of

An estimated 1,000 or more'residential

PV installations are in

SOLAR ELECTRIC GENERATING ~Y',TI'U (~lEC;S)

ASSESSMENT

In 1990, DBEDT contracted with L,VZ to assess the

technical and economic feasibility of its successful

Solar Electric Generating System (SEGS), technology

in Hawaii. The U.S. DOE provided the $100,000 for

the project from Petroleum Violation Escrow funds.

Following the demise of the LUZ group of companies

in 1991, this assessment was continued by ex-LUZ

staff (Kearney & Associates) in order to utilize the

experience of the SEGS developments.

The overall objective of the SEGS

assessment for Hawaii was to evaluate

the economic and technological poten

tial of utility-scale solar thermal electric

plants on the major islands, focusing on

the issues of siting, design, utility

requirements, operating characteris

tics, performance and cost.

ResidentialSolar Water Heating System.

• The base case economic analysis found that

SEGS plants do not currently appear to be a

cost-effective solar application for Hawaii;

• Commonly discussed incentives for renewable

energy technologies - suchas tax credits, property

tax exemptions and incorporation of environmental

externalities into generation planning - to



Photovoltaics for Utility-Scale Applications.

Kaa La 0 Kauai.

covering most of

the car's surface were

used to charge 7 batteries that pow

ered an 8-horsepower electric motor. The titanium

frame helped keep the car's weight to 668 pounds.

The single-seat vehicle had a maximum speed of

about 55 miles per hour.

The two-year project culminated in June 1993 when

Kaa La 0 Kauai participated in Sunrayce '93, a

1,lOO-mile solar-powered car competition from

Arlington, Texas, to Minneapolis, Minnesota. The

race took six days, and each leg averaged 150 miles

per day.

A team of students representing various disciplines in

vocational-technical and liberal arts programs was

organized in the spring semester of 1992. Despite a

six-week delay caused by Hurricane Iniki, the team

built and tested an aerodynamic vehicle with a

tear-drop shaped, foam-core

carbon fiber sand

wich compos

ite shell.

About 800

PV cells

$178,000 cost. The balance came from Federal and

County grants and from corporate and community

donations.

Sunrayce '93, which involved major colleges and

universities from the United States and Canada, was

sponsored by the U.S. DOE, the U.S. Environmental

Protection Agency, General Motors Corporation and

Midwest Research Institute. Its objective was to

promote the use of renewable energy sources and raise

confidence in alternatives that make fewer demands

on the global environment. KCC's vehicle was the

only entry from a community college. There were 34

other entries. Kaa La 0 Kauai took ninth place over

all, second place in scholastic achievement for its

artistic design and several other awards.

A 20-kW PV system near Kihei, Maui, continues to

operate and fur

nish power to the

utility grid. This

was the first satel

lite project of a

nationwide pro

gram sponsored

by the U.S. DOE,

the California

Energy

PHOTOVOLTAICS FOR UTILITY-SCALE ApPLICATIONS

Commission, the

Electric Power Research Institute and Pacific Gas &

Electric Company to demonstrate the use of PV in a

utility setting. Funding for the system was provided

by DBEDT, Energy Conversion Devices, Inc., Maui

Electric and the U.S. DOE.

improve the economics of SEGS didnot change

the conclusion that SEGS plants wouldnot be

cost-effective in Hawaii; and

• The main reasons for the unfavorable economic

results were thehigher capital costs and lower

systemperformance projected for SEGS plants in

Hawaii, even those located in preferred sites. To

alter this finding ways to reduce costs significantly

wouldhave to be found.

These conclusions are drawn for SEGS plants only

and are not intended to reflect on the viability of

other solar systems (such as PV) or even other solar

thermal systems (such as parabolic dish Stirling con

cepts or industrial process heat applications), which

have different cost and performance characteristics.

SUN CAR OF KAUAI

With funds provided by the state and U.S. DOE,

DBEDT assisted in sponsoring Kaa La 0 Kauai, "The

Sun Car of Kauai," a project of Kauai Community

College (KCC) to design and build a solar-powered

vehicle to compete in a cross-country race on the

Mainland. DBEDT contributed $46,300 of the



KONAWAENA HIGHSCHOOL PV CAR

DBEDT particip~tedin.the.projeC:falongwith Kahua

Ranch Ltd., Bonneville Power Administration,

Bonneville Pacific, HNEI, PICHTR and Electronic

Power Conditioning.

The objective was to design, install, operate, test and

evaluate the performanceofa 25-kWpumped storage

hydroelectric demonstration project. Because of the

intermittent nature andpoqrpower quality of wind

generated electricity, Hawaii's utillties have generally

limited the amount of wind-generated electricity they

will accept to 5 to 10 percent. Wind energy has the

potential to provide significantly mqre. Pumped

hydro energy storage is.cqnsideredadesirable, cost

effective form of energystqrage.tharrcan help a utility

utilize a greater proportion of wind energy while

maintaining the quality of utility-generated power

and reducing the cost of fossil'fuels.

issues.

sources, energy

management and

environmental

KCC plans to use this project as a catalyst for the

development of

programs that pro

mote studies in

electric vehicles,

renewable energy

Also in the summer of 1993, a team of Kona-waena

High School students, their teachers and supporters,

drove a PV-powered car across the U.S. mainland in

41 days, setting a new record. The vehicle, "Spirit of

Aloha," which was designed and built by the stu

dents, had its origins in DBEDT's interscholastic solar

car competition, "Kaahele La," in 1990.

Spirit of Aloha.

WIND POWER
WIND/DIESEL ELECTRIC HYBRlD SYSTEM

Hawaii has some of the best conditions in the world

for wind power, and the state was second only to

California in commercial wind-energy generation.

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

over 23 million kWh of electricity in 1992.

RENEWABLE ENERGY STORAGE TEST FACILITY

Zond Pacific, Inc. of Hawaii in conjunction with

lond Systems, Inc. of California has undertaken a

project to plan, design, construct and operate a

wind/diesel electricity generating hybrid system on

.Molokai.

The proposed system consists of three 100-kW wind

turbines in conjunction with a 100-kW diesel engine

powered electricity generator. These components, in

addition to a number of other project-related services

(such as design, site selection and wind data

acquisition), have been provided by lond System, Inc.

A multi-year plan is being prepared for operation of a

wind-pumped hydro facility at the Kahua Renewable

Energy Storage Test (REST) Facility on the Island of

Hawaii. Construction is complete, and the system has

undergone acceptance testing. The REST facility is

currently being used for the Wind-Pumped Hydro

Integration and Testing Program.

The use of wind energy conversion systems in

conjunction with diesel generators has the potential to:

• Increase theamount, quality and availability of

windgenerated electricity;

• Decrease imported fossil fuel use in diesel

generators; and

• Increase the allowable penetration of wind energy

into Hawaii's electricity grids.



Increased use of wind can help diversify sources of

electrical energy and create a new industry devoted to

wind system operation and maintenance. A major

objective of this project is to optimize wind output

through proper controller design and the simulation

of this type of system for water pumping applications.

Zond Systems, Inc., provided $420,000 for the project

in systems, components and services. DBEDT provid

ed the remaining $242,000 of the $662,000 total cost.

Construction of the system is complete. System

start-up and a one-year testing and evaluation period

began in February 1992. Additional testing is

required, and the project is scheduled for completion

by the end of 1993.

MAKANI MOAE WIND FARM AT KAHUKU, OAHU,

HAWAII

During the early part of 1992,

Hawaiian Electric Renewable

Systems (HERS) Makani Moae

wind farm at Kahuku, Oahu, con

tinued to operate and furnish power

to HECO. The huge MOD-5B

experimental design wind turbine

operated as part of the wind farm.

This two-blade machine, rated at

3.2 MW, measures 320 feet in

diameter, making it one of the

largest of its kind in the world.

Makani Moae also operated 13

Westinghouse wind turbines

rated at 600 kW each. The

wind farm furnished about 5.1

megawatt hours (MWh) of

electricity to the HECO grid.

In October 1992, HERS

parent company, Hawaiian

Electric Industries, announced

it was shutting down the wind

MOD-5B

farm because of chronic mechanical problems and eco

nomic considerations. In April 1993, the New World

Power Corporation of Connecticut bought HERS and

renamed it Makani Uwila Power Corporation (MUPC).

MUPC has resumed supplying electricity to HECO and

has assumed a project to design, operate and test a new

wind turbine blade. A contract between MUPC and

DBEDT was drafted. As 1993 drew to a close, the new

wind turbine blade was in the final design stages.

ISLAND OF HAWAII WIND FARMS

Wind farms on the Island of Hawaii sold approximately

17.9 MWh of electricity to HELCO during 1992.

Lalamilo wind farm in Kohala supplied about 4.4

MWh hours, the Kamaoa wind farm at South Point

13.3 MWh, and a group of other wind farms, including

Kahua Ranch, about 0.3 MWh. Lalamilo sold an

additional 3 MWh of electricity to the Hawaii County

Water Department for pumping purposes.

Kahua Ranch, at one time the largest of the wind

farms on the Big Island, now has only 19 machines in

operation. They are producing about 300 kW of

electricity, much of which is used by the ranch. The

other Kahua windmills were taken down and installed

at Lalamilo, where the electricity generated is sold to

the Hawaii County Department of Water Supply for

municipal water pumping.

Lalamilo is considered

operational and still at the

established capacity.

Kamaoa Wind Energy

Partners owns and operates

37 Mitsubishi 250-kW wind

machines at its South Point

wind farm which has a total

capacity of about 9.3 MW.

Wind flow patterns through

rows of wind machines are

being researched at the

Kamaoa Wind Farm.
Kamaoa Windfarm.



SMALL WIND ENERGY FACILITIES

A number of privately owned wind generators

ranging in size from 10kW to 27 kW operate on the

Island of Hawaii and sell some power to HELCO.

There are also a few privately owned, non-grid

connected facilities used primarily for pumping

water and furnishing power to individual homes

and small farms.

HAWAIl ZUTECK ROTOR PROJECT

haveenergy technologies.

The major purpose of this project is to examine the

feasibility of modifying the existing rotor design

wind turbines with a new design that has the potential

to greatly improve mechanical reliability, increase

energy Hawaii

wind of renewable

The new design consists

with a now-tnrougn

coupling of flap control

Each of these concepts

have yet to be combined on an

operating wind turbine. MUPC is seeking to improve

the operation of its utility class wind turbines while

demonstrating an emerging technology in rotor U"O'l)<lJL~.

MUPC has formed a consortium of American wind

industry businesses for the purpose of conducting

research and development, engineering, building and

demonstrating this advanced wind turbine rotor design.

The u.s. DOE is providing $943,000 for this

$1,856,000 project. MUPC is providing $590,000.

DBEDT is providing $200,000. Other funding or

in-kind services will come from Gougeon

Manufacturing, Inc., Northern Power Systems,

Philadelphia Gear Corporation and MDZ Consulting.

This project is scheduled for completion by June 30,

1996. Task 1 (Wind Tunnel Demonstration of Flap

Control) has been completed with promising results.



CONSERVATION

The

Using energy efficiently is a major tool in the State's

effort to reduce its near total dependence on

petroleum for its energy needs. By using energy effi

ciently, Hawaii's people can reduce the amount of

fossil fuels imported to generate electricity. By

switching to energy-efficient appliances, equipment

and practices, people can defer the need for new

petroleum- or coal-powered generation facilities.

Efficiency works. The results of the state's energy

efficiency program between 1980 and 1990 prove it.

During that decade, Hawaii's resident population

increased by 15 percent, the number of visitors by 77

percent and the number of registered vehicles by 43

percent. Yet energy consumption rose only 12 per-

cent.

During 1993, DBEDT started new programs and

continued existing projects that emphasized:

• Energy-efficient lighting and appliances;

• Energy-efficient building designs and technologies;

• County-levelenergy planning and education;

• Efficientuse of transportation fuels;

• Regulated utilityplanning and efficient of

resources (DSM);

• Recycling;

• Energy education;

• Energy efficient equipment retrofits; and

the $24.5 million granted the sta

1991 be used for programs which met U.S.

requirements. Much of the funding has been expended.

State funding will have to be increased beyond current

energy budget levels if conservation programs are to

continue.

CONSERVATION PROGRAM ADMINISTRATION

DBEDT administers most of the Federal and State

energy conservation programs in Hawaii. Major

conservation programs administered by DBEDT

include the State Energy Conservation Program

(SECP), the Institutional Conservation Program

(ICP) and the Energy Extension Service (EES). Two

other programs, the Weatherization Assistance

Program (WAP) and the Low Income Home Energy

Assistance Program (LIHEAP), are administered by

other State agencies.

STATE ENERGY CONSERVATION PROGRAM

program, funded by U.S. DOE, Oil

State contributions, includes

projects such as C01[lSUlm(~r information and education,

energy errlefJ'ier1CY preparedness, energyplanning,

government procurement practices, equipment

building energy efficiency

safety education and

• Performance contracting.
CONSERVATION PROGRAM

Together, these projects save substantial amounts of

energy. The state and county governments helped

pay for these projects. Much of the funding, referred

to as oil overcharge funds, has come from legal

settlements for alleged oil pricing violations during

the 1970s and 1980s. The U.S. DOE mandated that

The ICP is funded by the U.S. DOE with matching

funds paid by the recipient institutions. The program

identifies the need for and pays half the cost of

energy-saving equipment such as heat pumps and

fluorescent lighting in non-profit schools, universities

and hospitals.



The objective of this project is to reduce energy

consumption in non-profit institutions by providing

50 percent funding for the purchase and installation of

energy-efficient equipment. The project is funded by

about $195,000 a year in U.S. DOE funds and

$195,000 in matching funds from participating

institutions. DBEDT administers the program.

heaters and heat pump water heaters. A small

demonstration project for installing solar water

heaters has been authorized by the U.S. DOE and is

being pursued. The W AP program is administered by

the Hawaii Department of Labor and Industrial

Relations, Office of Community Services.

Low INCOME HOME ENERGY ASSISTANCE PROGRAM

The ICP runs in yearly funding cycles. Cycle XV,

which was completed recently, granted funds to the

Variety School, Kaiser Medical Center and Kapiolani

Medical Center for Women and Children. Projects

were completed at Leeward Community College,

Queen's Medial Center, Hawaii Mission Academy

and Hanahauoli School.

LIHEAP, with funding provided by the U.S.

Department of Health and Human Services, assists

low-income households in paying their electric or gas

bills either during crisis situations or on a one-time

basis. During 1993, 8,168 households were provided

assistance that came to more than $1,277,000.

LIHEAP is administered by the Hawaii Department

of Human Services, Family and Adult Services.

DBEDT has statutory responsibility (HRS 226-18) to

help the state achieve increased energy efficiency by

promoting prudent use of power and fuel supplies

through conservation measures.

INTEGRATED RESOURCE PLANNING

DBEDT is also required to ensure that planning for

expansion of power systems and sources gives ade

quate consideration to environmental, public health

and safety concerns and resource limitations.

ENERGY EXTENSION SERVICE

Most ICP projects are lighting retrofits because of the

high return on investment. The typical payback times I'''!!!II'''.
are three to six years.

The EES provides funds for outreach assistance to

individuals and small businesses on the Neighbor

Islands. EES offices are located in Hila, Wailuku and

Lihue. Projects include public information programs;

county energy planning; workshops; assistance with

science fairs; facilitating and promoting within the

county the Model Energy Code; implementing the

provisions under Act 182, HRS, relating to County

energy emergency plans to be consistent with State

Energy Plans; working collaborativelv with DBEDT,

the regulated utilities, conservation groups and the

Public Utilities Commission in Integrated Resource

Planning; and publication of the newsletter,

Transitions.

WEATHERIZA TION ASSISTANCE PROGRAM

Another energy conservation program, W AP, funded

by the U.S. DOE and Oil Overcharge Funds, helps

low-income families reduce monthly energy bills by

installing insulation jackets and timers on hot water

IRP is a continuation of a project that began in 1989

in which DBEDT, regulated utilities, conservation

groups and other concerned parties, working collabo

ratively under a PUC order, evaluated contributions

of the energy options for meeting near- and long-term



consumer energy needs efficiently and reliably at the

lowest reasonable cost.

IRP is an approach to regulated utility planning

which evaluates all potential energy options, includ

ing supply-side (energy production by conventional

fuels and renewable energy resources) and demand

side (energy usage, conservation, efficiency and load

management) as well as the social, environmental

and economic costs of these options. DBEDT has

actively supported the concept and implementation

of the IRP process for Hawaii and is an intervenor in

all five utility dockets which require submission of

Integrated Resource Plans by the end of calendar

1993. DBEDT aggressively participates in utility

advisory groups in the areas of integration, forecast

ing, demand-side and supply-side.

The year 1993 brought simultaneous intervention in

five regulatory proceedings for approval of utility

integrated resource plans. The project promotes full

integration of electric and gas utility resource planning

with state energy policy.

The public will benefit from this project through cost

savings brought about by energy savings programs of

the utilities as part of the IRP process and by deferral

of building new power plants. The state will benefit

from reduced fossil fuel imports through energy

conservation and additional use of indigenous

renewable energy resources. The utilities will benefit

by keeping energy demand below the level which

could require a major capital investment in additional

generating capacity.

The IRP process also opens the utility planning pro

cess to the public, and DBEDT has actively partici

pated in PUC dockets and utilities' IRP advisory

groups. Thus DBEDT is assured of a more active role

in ensuring the utilities' IRPjDSM plans are robust

and effective.

DBEDT has retained consultants to provide:

• Technical assistance as the planning process

proceeds and with representation to the PUC;

• Advice on policy mattersin allareas of IRP and

assistance in developing a strategy withinwhich

to reviewthe utilities' Integrated Resource Plans;

and

• Reviewand evaluation of utilityDSM programs.

DEMAND-SIDE MANAGEMENT

This project involves demand-side activities related.

to IRP and does not include data gathering and anal

ysis provided for the HES program. DBEDT's position

before the PUC is that there should be competi

tion between gas and electricity in cost-effective DSM

programs to promote economic efficiency in con

sumer selection and the use of scarce resources, such

as energy.

As part of its participation with the utilities in DSM

activities, DBEDT reviews utility DSM programs

including commercial lighting, residential water

heating, load management and others. In addition,

DBEDT staff members serve on utility planning

groups for DSM incentives, water heater metering,

DSM program design and data gathering for the

commercial sector.

DBEDT has provided analyses and policy recommen

d~tions to the utilities in many areas, including DSM

screening, non-physical externalities, integration pro

cess, evaluation of DBEDT's participation in an

avoided cost docket, DSM incentives and cost recovery

and review of utility DSM programs.

A major focus during 1993 was to encourage the utili

ties to become more active in studying delivery

mechanisms and evaluations, monitoring and verifi

cation of DSM programs. The year should bring the

first comprehensive assessment of energy technologies

that enhance Hawaii's DSM potential.



23-Watt Compact Fluorescent Lamp

DATABASE TASK FORCE

In 1992, DBEDT and HECO established and are

jointly managing a Database Task Force for the

collection of energy data that can be used in demand

side assessment, forecasting and other energy analysis.

As part of this project, DBEDT developed an "End

Use Database Framework and Format" and a

"Measures Database Framework and Format."

The Task Force has members from all Hawaii

utilities and the private sector. It meets as needed to

gather existing data needed for DSM planning. The

Task Force is identifying data sources and data main

tained by individual members, reviewing proposed

surveys and collected data, reviewing data assump

tions and parameters to be used in DSM program

design, resolving data issues and helping to develop

needed data.

The public will benefit from this project through cost

savings brought about by energy saving

programs of the utilities as part of the IRP process and

by deferral of the building of new po:ver plants. The

state will benefit from reduced fossil fuel imports

through energy conservation and additional

use of indigenous renewable energy

resources. The utilities will benefit by

keeping energy demand below the level

that could require a major capital invest

ment in additional generating capacity.

ENERGy-EFFICIENT LIGHTING AND

EQUIPMENT

Installing energy-efficient lighting and appli

ances can reduce electrical use and costs. Many

projects replacing older, inefficient lighting and

equipment or installing solar water heaters were

conducted in 1993 with the assistance of

DBEDT through the use of Federal, state and Oil

Overcharge Funds.

TECHNICAL ASSISTANCE FOR RESIDENTIAL AND

COMMERCIAL PROJECTS

One objective of this project is to provide technical

assistance on request to insure that energy efficiency is

considered throughout the design and construction of

residential projects. Another objective is to promote

Energy Efficient Mortgages and Home Energy Rating

System (HmERS) in Hawaii.

The program, begun in 1989, targets financial insti

tutions and developers of residential projects. They

rate the energy efficiency of new and existing homes

and predict energy cost savings so lenders can factor

in those savings when underwriting mortgages.

The programs also encourage lenders to finance cost

effective, energy-efficiency improvements in existing

homes with low-interest mortgages or other instruments.

The money saved on utility bills over the long term

can more than offset the cost of such energy-efficiency

improvements.

A report on "Financial Impacts on Home Buyers of

Mandated Energy Efficiency Improvements in

Water Heating for State Affordable Housing

Projects" has been completed. Based on the

findings and recommendations of this report,

plans call for:

• Maintaining a consultant to help

DBEDT make presentations to

bankers, governmentagencies,

mortgage companies, real estate

brokers and others on the

advantages of energy

efficientmortgages; and

• Continuing to

investigate HmERS

and track efforts to

develop a nationally

accepted system.



HOUSING FINANCE AND DEVELOPMENT

CORPORATION RULES

Act 255 specifies that after January 1, 1992, the

Housing Finance and Development Corporation

(HFDC) shall require installation of solar water

heating equipment as a condition of approval of any

residential development project constructed with

state funds, located on state lands or otherwise

subsidized by the state.

The Act requires that such equipment be installed in

30 percent of the units approved in 1993,40 percent

of the units approved in 1994 and 50 percent of the

units approved in 1995. It further requires that DBEDT

adopt rules with respect to alternative water heating

systems to be installed in the remaining units - those

not required to have solar water heating equipment.

Act 255 also calls for DBEDT to submit a report to

the Legislature in 1996 evaluating the overall

life-cycle cost as well as energy efficiency in all types

of water heating systems and solar water heating

equipment installed in projects approved by HFDC

between 1993 and 1995.

DBEDT prepared a draft rule for alternate water

heating systems which will be the topic of a public

hearing. DBEDT made a presentation on the draft

rule and other topics including various types of water

heating options such as heat pump, utility demand

side management opportunities, tax credits for solar

and heat pump water heaters and an overview of the

Model Energy Code to HFDC. A life-cycle costing

model and reporting forms to comply with Act 255

were developed for the use of HFDC and DBEDT.

PERFORMANCE CONTRACTING

DBEDT has statutory responsibility (HRS 226-18) to

achieve increased energy self-sufficiency by promoting

prudent use of power and fuel supplies through

conservation measures including (1) development of

cost-effective DSM programs, (2) education and (3)

adoption of energy-efficient practices and technologies.

Under Chapter 196-4 the Director of DBEDT has

been designated the ERC and is charged with assisting

agencies with implementing energy efficiency measures.

HRS 36-41 provides that any state agency may enter

into a multi-year performance contract, not exceeding

10 years, to undertaking or implement energy

conservation or alternate energy measures in a facility

or facilities. Performance contracting is defined as

including, but not limited to, "leasing, joint ventures,

shared savings plans, energy service contracts, or

combinations."

The specific objectives of this project are to provide

technical assistance to DBEDT and state agencies to:

(1) enable state buildings to avoid costly up-front

engineering and construction costs and investments

in energy savings technologies, (2) make it possible

for state agencies to leverage savings from utility bills

to pay for investments in energy savings technologies

and (3) provide training to DBEDT and state staff to

institutionalize performance contracting within the

state government system.

During 1993, DBEDT provided technical assistance

on performance contracting to the Hawaii

Department of Health (DOH), UH and several

community colleges. A consultant was hired and is

assisting in organizing and preparing a project team to

implement a performance contract project at a selected

state facility or institution. Briefing materials were

prepared, and potential facilities were surveyed for

energy savings potential and feasibility for performance

contracting. To date, documentation - including a

solicitation package and form contracts - has been

developed. As this program progresses, DBEDT plans

to conduct and assist with a briefing for key state

officials, organize and assist with a pre-submittal site

meeting, evaluate proposals, assist in contractor

selection and negotiate the terms of a performance

contract.



Leeward Community College and UH-Hilo were

identified as the facilities having the greatest poten

tial for performance contracting. Analyses of these

facilities project 10-year energy savings of $751,000

for Leeward Community College and $1,201,000 for

UH-Hilo.

GREEN LIGHTS PROGRAM

The objective of this EPA administered program,

aimed at state agencies and participating private

corporations, is to reduce production of air pollutants

and greenhouse gases through use of the most energy

efficient lighting systems available. State agencies

may underwrite the projects with operating funds or

through performance contracting.

This ongoing program began in February 1992 when

Governor Waihee signed a Memorandum of

Understanding with the EPA specifying that 90

percent of state facilities must use energy-efficient

lighting equipment by March 1997. After its renovation,

the State Capitol will include electronic ballasts and

T-8 lamps. The Hawaii Department of Accounting

and General Services Purchasing Division now

includes on the state price list electronic ballasts,

T-8 fluorescent lamps and compact fluorescent lamps,

which are recommended by EPA. DBEDT's Director

has issued a memorandum to state agencies, reminding

them of the State Green Lights Partnership and

recommending that they specify energy efficient

equipment for new, renovated or replacement lighting

systems.

RETROFITS FOR NON-PROFITS

The objective of this project is to help non-profit,

direct care-providing charitable agencies and health

clinics in retrofitting their energy-using equipment.

The program provides a rebate or loan subsidy of 50

percent of the installed cost of any pre-approved

energy conservation measure. A free energy audit is

performed to identify the possible energy efficiency

measures, and assistance is provided in locating

suppliers and contractors.

SOLAR WATER HEATERS FOR MAYOR WRIGHT
HOMES

About $62,000 a year in utility water heating costs is

being saved now that a solar water heating system is

in operation at Honolulu's Mayor Wright Homes.

The low-cost housing complex, administered by the

Hawaii Housing Authority (HHA), is home for about

2,400 people.

During 1992, solar water heating retrofits were

completed on all 35 buildings. DBEDT funded most

of the project and provided technical assistance to

improve the performance of systems in some of the

buildings.

Solar \Vater Heating System at Mayor Wright Homes.



The year before the solar system was installed, the

annual cost for heating water topped $109,000. After

the system went into use, the cost dropped to a little

over $47,000, a 57 percent savings.

A technical analysis showed that if a conventional

electric water heating system were installed, the cost of

heating water would come to about $220,000 a year.

State and Federal funding in the project amounted to

$1.35 million. The HHA supplied $150,000.

MODEL ENERGY CODE

During 1993, DBEDT continued to assist the county

governments in moving toward adoption of the

Model Energy Code as configured to meet their own

special needs. DBEDT made presentations to county

leaders and testified before county councils to

promote the adoption of the code. DBEDT also

answered questions raised by both the utilities and

the general public.

The Model Energy Code was developed under state

auspices, but county governments will be responsible

for adopting and administering the code. DBEDT

proposes that the counties substitute the Model

Energy Code for their existing codes on energy

efficiency in buildings. In the more than 15 years

since adoption of the existing codes, appliances and

equipment such as water heaters, lights, and air

conditioners have become far more efficient; better

ways have been found of constructing buildings to

take advantage of natural cooling, heating and lighting;

and better materials have been found to make buildings

more energy efficient. In addition, professionals have

learned how to design energy-using systems so that

they operate much more efficiently. DBEDT

projections indicate that over a 20-year period, the

Model Energy Code could save Hawaii's citizens $241

million in energy costs and cut oil consumption by

over 4 million barrels.

ENERGY COORDINATOR WITHIN THE COUNTY OF

HAWAII

This project links the County of Hawaii to statewide

energy-related projects such as (a) implementing IRP,

(b) implementing Energy Emergency Preparedness

(EEP) Planning, (c) promoting the adoption of the

Model Energy Code, (d) coordinating Energy Audits

and (e) supporting the Hawaii County Energy

Advisory Commission.

The project promotes the conservation of energy in

Hawaii County by (a) developing greater energy

awareness of current energy sources and predicting the

future needs of the county, (b) encouraging conser

vation and developing ways to recycle waste, (c)

updating and expanding the energy section of the

County General Plan, and (d) working toward dev

elopment of the County's energy self-sufficiency plan.

FIELD OUTREACH ASSISTANCE IN ENERGY WITHIN

THE NEIGHBOR ISLANDS

As part of the EES, projects on the Neighbor Islands

are intended to provide energy users with personalized

information and technical assistance on energy

conservation and the use of renewable energy.

Objectives include equipping and maintaining a

Community Energy Information Center and conducting

workshops to emphasize opportunities for conservation,

energy efficiency and renewable resource conversions

in energy use for residential and small business

consumers.

The project facilitates and promotes within the county

the Model Energy Code; implements the provisions

under Act 182, HRS, relating to the development of

county energy emergency plans to be consistent with

State Energy Emergency Plans; and works collabora

tively with DBEDT, the regulated utilities, conservation

groups, and the PUC in Integrated Resource

Planning.



RECYCLING HOTLINE

This project promotes recycling and reuse of items

that would otherwise be treated as garbage. Target

groups include building managers, businesses, schools

and industries as well as members of the general public.

The project began July 1, 1992, and ended

September 30, 1993. The Recycling Association of

Hawaii (RAH) was the contractor. DBEDT provided

$34,000 in funding from Federal sources.

The project provided recycling and reuse information

to about 10,000 callers during the contract period. As

a follow-up, RAH mailed recycling-related information

to those who requested it.

This was the fourth and final DBEDT grant to RAH.

The grants served as "seed money," allowing RAH to

grow and support itself through other sources of funding.

Over the four year funding of RAH, statewide recycling

activities have doubled.

BICYCLING EDUCATION PROJECT •

This project instructed fourth grade school students

in bicycling safety to promote bicycling as a safe

viable alternative to automobile transportation.

Between July 1992 and June 1993, about 8,200 fourth

graders received instruction. The Hawaii Bicycling

League (HBL) conducted the program. DBEDT

administered the Federal funds for the program. The

$50,000 project began July 22,1991, and ended

June 18, 1993. This was the third DBEDT grant to

the HBL. The grants served as "seed money," allowing

the HBL program to grow and generate fundsfrom

other sources.

During the current fiscal year, HBL received funds

from the City & County of Honolulu Department of

Transportation Services and from the U.S.

Department of Transportation (U.S. DOT). The

HBL expects to receive additional funding in fiscal

year 1994-95 from the Hawaii Department of

Education (DEduc) and the Hawaii Department of

Transportation (DOT).



TRANSPORTATION

Transportation in Hawaii accounts for more than half

the state's total energy demand. In 1993, about 63

percent of the petroleum used in Hawaii was used by

the transportation sector. Cutting back on the

demand for transportation energy and developing

alternate transportation fuels will make a major

impact on the use of petroleum products. It will also

benefit Hawaii's fragile environment.

Developing transportation fuels and projecting the

demand must be integrated with efforts to conserve

transportation energy and reduce the demand. This

coordinated approach is at the heart of the development

of a transportation energy strategy for the State of

Hawaii.

TRANSPORTATION ENERGY CONSERVATION

Alternative modes of ground transportation such as

walking, bicycling, riding buses and vanpooling benefit

Hawaii's fragile environment and help reduce traffic

congestion. These alternate methods also strengthen

Hawaii's energy security because they present little or

no demand for petroleum fuels and DBEDT has

continued to promote increased use of these options.

RIDESHARING

DBEDT has been working closely with DOT in the

promotion of ridesharing as a way of saving energy

and reducing traffic congestion. The State

Ridesharing Program is partially funded by oil over

charge funds administered by DBEDT.

The 1993 ridesharing program focused on working

with the private sector to develop employer-based,

ride-matching programs. A "Vanpooling Traffic

Congestion Workshop" was held for legislators,

employers and other decision-makers. There was also

an inter-agency competition among DBEDT, DOT,

DOH, the City & County of Honolulu's Depar

of Transportation Services and the Leeward Oahu

Transportation Management Association. More than

half the employees in these agencies commuted to

work using congestion-reduction modes during the

competition. An estimated 83 percent of DBEDT

employees pledged to rideshare during the competition,

representing a saving of 8.3 million British thermal

units CBtus} per day. This type of savings, if practiced

continuously statewide, could significantly reduce the

demand for transportation fuel.

PROMOTION OF BICYCLING

Using bicycles instead of cars for transportation

reduces gasoline demand, air pollution and parking

congestion. DBEDT has supported the promotion of

bicycling as an alternative to automobile transportation

in the form of three annual grants to the HBL and

through cooperation with state, county and private

agencies. A highly successful bicycling education and

safety course designed and implemented in cooperation

with DEduc reached 14,000 fourth grade students in

Hawaii's public schools.

A video program on safe bicycling was produced for

elementary school children. Plans for bicycle paths,

road widening and other safety features are included

in plans for City and County roadways and four state

highways, and are being carried out in several parts of

Oahu and on Maui. Full-time positions for bicycling

coordinators have been established in the City &

County of Honolulu and in DOT.

ALTERNATIVE TRANSPORTATION FUELS

Nationally, the desire to reduce dependence on

petroleum and to reduce air pollution have been

embodied in the Clean Air Act Amendments of 1990

and the National Energy Policy Act of 1992. Locally,



interest in alternative fuels has been increasing at all

levels of government and in the private sector as well.

The combination of local interest and support with

Federal research and demonstration money will fuel

several joint public/private transportation energy

projects in several areas of technology.

Each of the alternative transportation fuels has

advantages and disadvantages. All the alternatives

have one common advantage over gasoline and

diesel: they improve our energy security because they

can be made from sources other than imported

petroleum. The development and use of alternative

fuels is an important component of Hawaii's

transportation energy objectives and Hawaii's overall

energy strategy.

In 1993, DBEDT continued to encourage the

diversification of ground transportation fuels and to

provide information, technical support and coordina

tion to assist Hawaii organizations in responding to

alternative-fuel related Federal programs and

economic development opportunities.

GASOLINE ADDITIVES, ALCOHOLS AND ETHERS

Locally produced biomass feedstocks may be used to

make gasoline additives that boost the octane rating

of the fuel and reduce harmful carbon monoxide

emissions. The three additives most commonly

discussed are ethanol, methyl tertiary butyl ether

(MTBE) and ethyl tertiary butyl ether (ETBE).

A blend of 10 percent ethanol and 90 percent gasoline

may be used in any modern gasoline-powered vehicle

without any modifications to the vehicle. The 10

percent ethanol blend is considered an "oxygenated

fuel" and is currently marketed in 44 other states as a

mid-grade or premium gasoline. DBEDT has been

discussing the economic feasibility of the use of

ethanol blends in Hawaii with refiners and other

interested parties. Considerable work was

accomplished in 1993 in updating estimates of costs

of producing ethanol from Hawaii feedstocks using

new technologies.

MTBE, an additive made from methanol and

isobutylene, has become an extremely popular octane

enhancer and oxygenate in gasolines on the

Mainland. Methanol produced via gasification of

biomass may be used in producing MTBE.

ETBE, an additive made from ethanol and

isobutylene, is being considered as a national

competitor to MTBE and as a possible alternative to

blending ethanol in gasoline. ETBE is an attractive

blending agent, and three major companies have

announced plans to test or use ETBE in some of their

gasolines on the Mainland. Ethanol produced from

local feedstocks may be used to produce ETBE.

Research is in progress at the UH-Manoa Campus to

develop the "next generation" of ETBE production

technology.

ETHANOL FUEL PRODUCTION

Improvements in ethanol production technology

raise the possibility that production costs may be

significantly less than previously projected. In 1993,

DBEDT sponsored an evaluation of optimal processes,

feedstocks and current technology developed in the

private sector, universities and national laboratories.

Preliminary estimates indicate that ethanol production

in Hawaii could be cost-competitive with ethanol

produced on the Mainland.

The feedstocks (locally available materials) of particular

interest are agricultural products, such as sugarcane,

and waste products, such as grass and tree trimmings,

mixed waste paper and food waste.

ETHANOL VEHICLES

Automobile manufacturers have produced vehicles

that operate on E85 (85 percent ethanol plus 15



percent gasoline) and use the same technology as the

methanol-fueled vehicles described below. These

flexible-fueled vehicles are capable of operating on

E85 or gasoline or any mixture of the two. A fuel

sensor in the vehicle automatically senses the fuel

composition and adjusts the engine. The "flexible

fuel" technology provides a transition: since the car

can operate on regular gasoline if it needs to, the

driver doesn't have to worry about ethanol stations

being unavailable when the vehicle needs refueling.

METHANOL

A biomass gasification facility, currently in the

planning and design phase, may eventually produce

methanol from locally grown biomass feedstocks.

The biomass gasification project is detailed in the

Alternate Energy section of this report.

Chevrolet Lumina's Engine Compartment.

The U.S. General Services Administration Fleet

Management Center in Honolulu also received five

M85 flexible-fueled vehicles in 1993. Federal agency

fleets are required to purchase alternative-fueled

vehicles: 7,500 in fiscal year 1993, 11,250 in fiscal

year 1994, and 15,000 in fiscal year 1995. In 1996,

percentage requirements for Federal fleets go into

effect: of new vehicles purchased, 25 percent must be

alternative-fueled in 1996, 33 percent in 1997, 50

percent in 1998, and 75 percent in 1999 and thereafter.

METHANOL VEHICLES
LIQUEFIED PETROLEUM GAS

DBEDT continues to work with HNEI and PICHTR

in the demonstration of vehicles powered by M85 (85

percent methanol plus 15 percent gasoline). In 1993,

DBEDT and HNEI began a demonstration involving

flexible-fueled vehicles capable of operating on M85

or gasoline or any mixture of the two. A fuel sensor in

the vehicle automatically senses the fuel composition

and adjusts the engine.

In 1993, DBEDT continued communication with

local fuel suppliers regarding the use and status of

Liquefied Petroleum Gas (LPG), also known as

propane, as a vehicle fuel. LPG is used in more than

3,000 cars, trucks, vans, airport support vehicles and

forklifts in Hawaii. It is the most widely used - and

the only commercially available - alternative

transportation fuel currently sold in Hawaii.

HAWAIl ELECTRIC VEHICLE DEVELOPMENT PROJECT

On August 18, 1993, the Federal Advanced Research

Projects Agency awarded a $5 million grant to the

State's High Technology Development Corporation

(HTDC) to conduct a two-year electric vehicle

demonstration program. The Federal funds are to

be matched by $6.5 million from members (1f

the Hawaii Consortium. The first vehicles are

expected to be on-island in early 1994. The

program will demonstrate electric vehicles'

workability in Hawaii's favorable weather and

short commuting distances.

DBEDT's 1993 Flexible-Fueled Chevrolet Lumina.

The driver does not have to do anything but "turn

the key and go."



SunteraCorporation's
EV, "Sunray."

HNEI continued

to work on the pro

duction of hydrogen from

renewable sources such as solar energy and biomass.

One method is through the use of semiconductor

photoelectrochemical cells. Hydrogen can also be

produced by means of micro-organisms or through

steam reforming wet biomass from sources such as

trees, grasses and algae.

industry and government officials from across the

United States and Canada participated in the Hawaii

EV '93 Electric and Hybrid Vehicle Conference and

Trade Show. The event was sponsored by a variety

of private and non-profit organizations,

including HECO, the Electric

Vehicle Association of

Hawaii, DBEDT

and the High

Technology

Development

Corporation.

HYDROGEN

The Consortium consists of: HTDC and its parent

agency, DBEDT; Hughes Power Control Systems;

EML/Kaman Corporation; Solar Electric

Engineering; Suntera Corporation; Electric Power

Technology, Inc.: HECO and its subsidiaries; KE; the

UH; the City & County of Honolulu; the County of

Kauai; KCC and the Pacific Missile Range Facility.

Vehicles will include buses, sedans, station wagons

and pickup trucks. Each will be equipped with data

acquisition devices to monitor performance.

The Hawaii Electric Vehicle Demonstration Project

is one of six grants awarded nationwide. Under the

Hawaii demonstration project, 37 electric vehicles

will be converted or built, then operated statewide by

electric utilities, military bases and other cooperating

agencies.

Suntera Corporation, a company located on the

Island of Hawaii, will build five composite-body

vehicles for the program. These will be the only

vehicles manufactured entirely within the State.

One of the program's highlights will be the world's

largest electrically powered transit bus, a 40-foot

vehicle that will use an adaptation of a motor

developed for an electric-powered Army tank. The

electric bus will be built by EML/Kaman for use by

the City & County of Honolulu.

In addition, the demonstration project will establish

a conversion, service and maintenance center in

Honolulu's Kakaako district where operators and

conversion personnel will be trained. Pickup trucks

and sedans provided by Solar Electric Engineering

will be converted to run on electricity at the center.

HAWAII EV '93 ELECTRIC VEHICLE CONFERENCE

AND TRADE SHOW

In December, hundreds of electric vehicle enthusiasts,

technicians, researchers, electric vehicle owners, and

HNEI is also working on improved methods of hydro

gen energy storage.

VEGETABLE-OIL BASED DIESEL SUBSTITUTE

It is possible to make a diesel fuel substitute out of

vegetable oil that has been esterified. This vegetable

oil based diesel substitute is referred to as "hiodiesel."

If the fuel is made out of a particular type of veg

etable oil, the name may reflect that. For example,

biodiesel made from soybeans is called "soydiesel."

More than 400 vehicles in Missouri, South Dakota,

Ohio, Kansas, California, Washington, New Jersey

and Illinois are using biodiesel fuel and biodiescI

blends in place of petroleum-based diesel. Diesel-Bi, a

similar fuel made from rapeseed oil, is used in buses

and taxis in Europe.



The "Soydiesel"-Powered Sunrider Arrivingin Honolulu.

October 1993 marked the one-year anniversary of the

arrival in Hawaii of a 24-foot rigid inflatable boat

called the Sunrider on its voyage around the world.

After stopovers in Honolulu and Lahaina, the vessel

continued on its way, powered by soybean-based

"soydiesel" in its 180-horsepower diesel engine. The

vessel is expected to complete its voyage in early 1994.

In 1993, DBEDT began to discuss the possibility of a

biodiesel fuel demonstration program using several

barrels of fuel that had not been needed by the

Sunrider expedition. Blending 20 percent biodiesel

with 80 percent regular diesel fuel results in reduced

emissions of smoke, particulates, and carbon monoxide

from diesel engines.

NATIONAL ENERGY POLICY ACT OF 1992

The National Energy Policy Act of 1992, signed by

President Bush on October 24, 1992, contains a

substantial section on alternative transportation fuels.

Included are incentives for the purchase of alternatively

fueled vehicles, Federal tax deductions for installation

of alternative fuel dispensing equipment, and

mandates for Federal, state and certain local and

private fleets to purchase alternatively fueled vehicles.

During 1993, DBEDT collected information and

followed developments in vehicle and fuel technology

in order to be able to assist agencies and entities that

will be participating in, or will be affected by, the

alternate fuel provisions of the National Energy

Policy Act.



Hilo High School's entry, Project

the award in the Alternate Energy Systems ategory.

This project involved students who created a hands

on model of a self-sufficient human habitat which

utilized a variety of renewable energy technologies.

HECO was recognized for being the best in the

Energy Education Category. Its statewide program

involved students and their families measuring the

environmental benefits of their energy conservation

and efficiency actions. It also helped them identify

ways to enhance Hawaii's quality of life and protect

its fragile environment.

COMMUNICATION AND EDUC

In 1993, DBEDT continued a vigorous program of

community outreach and education to raise public

awareness of the crucial role of energy efficiency and

diversification of energy resources in reducing the

state's energy vulnerability and dependence upon

imported petroleum. The program actively invited

the participation of Hawaii residents of all ages.

Public service announcements on television caught

the attention of young and old. Exhibitions helped

carry the message, as did brochures, contests, work

shops and educational programs. The high-profile

Governor's Energy Awards Program capped a busy

year of energy awareness projects.

COMMUNICAnON

1993 Governor's Energy Awards Program Winners.

GOVERNOR'S ENERGY AWARDS PROGRAM

The 1993 Governor's Energy Awards competition

highlighted the best energy efficiency programs and

educational projects in the state that were started

between 1988 and 1992. This biennial program, the

first of which was held in 1991, recognized four top

performers: Hila High School, HECO, Island of

Hawaii architect Virginia Macdonald, and a team of

the Co-Energy Group and Oahu Consolidated Family

Housing Office at Fort Shafter.

The best in the Architecture & Design Category went

to Virginia Macdonald, who revived a

centuries-old technique for cooling

homes naturally. Her designs utilize

open skylights atop pitched roofs and

special floor vents which funnel hot air

out of a building's interior, provide natural

lighting and remove interior moisture.

The Co-Energy Group and Oahu

Consolidated Family Housing won in

the Energy Conservation/ Efficiency

Category for their work in making military

housing energy efficient. Their project

resulted in saving of more than 11 million

kWh and $1 million in the first year through air con

ditioning, water heating and lighting systems upgrades.

An awards ceremony was held on November 17 on

the lawn of the Royal Hawaiian Hotel. DBEDT and

Aloha Petroleum, Ltd. co-sponsored the event. AES

Barbers Point, Inc., BHP Hawaii, Chevron USA, and

HECO provided additional funding support and

assisted in presenting the awards.
r



ENERGY AWARENESS MONTH

Governor Waihee proclaimed October as "Energy

Awareness Month in Hawaii." More than 18 energy

related events were scheduled throughout the State.

DBEDT informed the public about those events

through news releases and articles in various local

news media. One of the most important events was a

three-day Energy Awareness Month Exhibition at

Ala Moana Center. DBEDT sponsored and coordinated

the exhibition.

Parkand the Sea Life Park Marine

Research/Education Foundation; and

• "Energy and Environmental Summit" for the

community, sponsored by State Representative

Duke Bainum, to provide specific solutions and

broad-based recommendations for energy and

environmental initiatives in the 1994 legislative

session.

ENERGY AWARENESS MONTH ALA MOANA
EXHIBITION

Many organizations sponsored special activities in

support of Energy Awareness Month. Among them:

• "HECO in Your Community," an energy

awareness fair by HECO;

• "\Vhat's Watt Program," an energy conservation

program by HELCO and theKana Senior Citizens;

A three-day Energy Awareness Month Exhibition

was held at the Ala Moana Center Mauka Exhibition

Area, October 15-17. Sponsored and coordinated by

DBEDT, the exhibition provided interactive games

and videos to educate the public on practical ways to

conserve energy and utilize Hawaii's renewable energy

resources and technologies.

Energy AwarenessMonth Exhibition at
Ala Moana Center.

tributed more than

The display of the Suntera "Sunray" electric vehicle

drew big crowds of curious onlookers and prospective

buyers. Exhibitors included BHP Hawaii, DBEDT

Energy Division, DEduc, DOT, Electric Vehicle

Association of Hawaii, HNEI, HSPA, Honolulu

Board of Water Supply, Honolulu Community

Action Program,

7,700 energy

related publica-

tions and 5,920 promotional items. Overall, about

27,000 energy-related items were distributed during

the event.

HECO, City &

County of Honolulu

Refuse Division,

RAH and Reynolds

Aluminum

Recycling Company.

An estimated 2,500

persons visited the

exhibition during

the three-day peri

od. DBEDT dis-

• Kahuku Wind Farm tours and open house by

Makani Uwila Power Corporation;

• Open house and tours of research vessels at

University of Hawaii School of Ocean and Earth

Science and Technology;

• Open house and guided tours of the energy and

aquaculture facility at NELHA;

• Tour of the waste-to-energy powerplant by City

& County of Honolulu RefuseDivision (H

POWER);

• A workshop given by HEES for people living

with, or tJlanning to live with, PVpower systems;

• Eucalyptus tree farm tour by Hawaii Coast

Processing Company;

• HawaiiVisitors Bureau'sThird Annual

Conference on the Environment;

• "Energy Conservation for Seniors" and "Solar

Food Dryingfor Seniors" by DBEDT, Hawaii

Energy ExtensionService (HEES) and UH

Hila College of Continuing Education and

Community Service;

• Hill Power Plant tour by HELCO;

• Backyard composting workshop by theCity &

County of Honolulu Recycling Office, Sea Life



"TRANSITIONS" NEWSLETTER

Transitions is intended to publicize energy-related

events and issues in Hawaii and to provide usable infor

mation on successful energy projects that are applicable

to the needs of Hawaii and the Pacific region.

This ongoing mission develops an energy-literate

citizenry able to understand and support state energy

initiatives and encourages energy diversification in

Hawaii and the rest of the Pacific.

Transitions targets decision-makers, energy professionals,

energy innovators, educators and the general public.

Eighty-five percent of its readers are Hawaii residents,

though it also reaches readers on the U.S. Mainland

and in foreign countries.

The four quarterly issues published in 1993 - the

newsletter's 11th year - contained articles written by

DBEDT staff. The mailing list has been expanded

from about 2,800 to about 5,500.

EDUCATION

DBEDT continued a dynamic program in energy edu

cation, including an energy poster contest, a mini

solar vehicle performance project, teacher training

workshops, curriculum development, a six-day energy

educator conference, bicycling safety classes and

presentations on energy in schools and to community

groups.

Contest on Energy. The purpose of the contest was to

increase student and public awareness of Hawaii's urgent

need to reduce its dependence on imported oil and show

how the wise use of energy and care for our fragile

environment go hand-in-hand.

The contest was co-sponsored by Aloha Airlines,

Bank of Hawaii, Island Television KITV-4, Town &

Country Surf Designs, RAH and DBEDT. This year's

theme, "It's Time to Put Some Energy into Our

Future," provided an opportunity for teachers of

kindergarten through 12th grade to teach a unit on

energy and have their students create posters to enter

in the contest. After an initial selection process by

270 teachers in 104 schools, 1,055 posters were sent

to DBEDT. Thirteen posters were selected and their

creators were honored in a ceremony with the

In addition to the energy information publications

and promotional items distributed at energy exhibits

and fairs, thousands of copies of energy-related

publications were channeled to teachers, students,

representatives of community organizations and the

military, and the general public.

STATEWIDE POSTER CONTEST ON ENERGY AND

HAWAIl ENERGY TIDE CALENDER

Public and private school students throughout the state

participated in the annual DBEDT Statewide Poster

Above: 1993
Hawaii Statewide
Poster Contest on
Energy Student
Winners.

Right: Second
GradeWinner
Kristy
Westmoreland of
Maunawili
Elementary Poses
withDBEDT
Director Mufi
Hannemann and
GovernorJohn
Waihee.



Governor on May 21. Each student received a

Certificate of Excellence signed by the Governor, a

$100 u.s. Savings Bond from Bank of Hawaii, a $50

merchandise certificate from Town & Country Surf

Designs, and a Certificate of Achievement from RAH.

The winning entries were used in two 30-second

commercials produced by Island Television KITV-4

for its Earthday, Everyday Program. They were also

displayed at Pearlridge Center and Windward Mall in

September, and at Kahala Mall in October.

The 13 winning posters are featured in the colorful

1994 Hawaii Energy Tide Calendar, another DBEDT

educational publication. The popular calendar shows

a graph of the tide heights and hourly tide changes for

each month; a numerical listing of the tide heights

and times; sunrise, sunset, moonrise and moonset

times; and a list of tide heights and times in selected

areas statewide. Energy facts and drawings of native

fish adorn the calendar. Also listed are energy-related

resource organizations, their addresses and telephone

numbers.

MINI·SOLAR VEHICLE PROJECT

DBEDT and DEduc sponsored a statewide program for

intermediate and high school students from public

schools to plan, build and demonstrate model solar

powered vehicles. The 1992-1993 Mini-Solar Vehicle

Project provided students with the opportunity to gain

first-hand knowledge and understanding of modern

technology while working collaboratively with their

peers and a variety of experts.

The goal was to use PV cells to produce a radio

controlled, small-scale solar-powered vehicle through

teamwork, problem solving, and the integration of sci

ence, technology, math, language arts, and vocational

and environmental education. A descriptive poster

and a documenting narrative of the planning and

building process, school and community involvement,

educational outreach activities, financial records, and

1993 Mini-Solar Vehicle Project Participants.

evaluation were an integral part of the requirements.

Twenty-two intermediate and 26 high schools

participated in the second annual Performance Meet

held for two days during the State Science and

Engineering Fair in April. Dynamometer, wind

tunnel, angle ramp, and trailer pull tests were per

formed in the Blaisdell Exhibition Hall, as were

evaluation of the posters and documentation. Speed

tests and the obstacle course demonstrations were held

on the upper deck of the parking structure.

Another performance meet is scheduled for April 1994.

NATIONAL ENERGY EDUCATION DEVEWPMENT PROJECT

The National Energy Education Development Project

(NEED) is a national network of educators, students

and leaders in industry, government and the community

committed to increasing and enhancing energy

education in the nation's schools. Using an interdisci

plinary approach, NEED programs develop student

leadership and communication skills, peer teaching,

project planning, and self-evaluation methods. NEED

activities are used in energy education workshops,

projects, and presentations in Hawaii schools by

DBEDT staff members.

As part of the program, a DBEDT staff member and

two secondary schoolteachers were trained by NEED

in Herndon, Virginia, in July. After seven days of

intensive program training as well as general energy

and environmental issues, they were certified as

Level II instructors. These three individuals then

conducted Power Trek '93, the DBEDT/DEduc energy

and environmental leadership training conference.



POWER TREK '93

Power Trek '93, a six-day energy and environmental

leadership training conference, was jointly sponsored

by DBEDT and DEduc. The conference was held

August 14-19 at Kilauea Military Camp on the Island

of Hawaii.

Student and teacher teams were trained to teach the

10 sources of energy, the importance of energy

conservation and efficiency and renewable energy

resources, solid waste management, and environmental

issues.

NEED Facilitators at Kailua High School.

The 60 delegates, staff and junior staff also

developed leadership and communication skills

and prepared plans for teaching others what they

learned. Participants were from the Islands of

Hawaii, Kauai, Maui, Molokai, Oahu, which

included both public and private schools, Saipan

and the state of Nevada.

Special presentations on the workings and uses

of OTEC were made by Christine Bean,

Education Program Coordinator for NELHA; on

geothermal energy, by guest staff member Pam

Calhoun, a geologist, forester and Nevada

Energy Education Director; and on the water

cycle by Deborah Ward of the UH-Hilo

Cooperative Extension Service.

The six junior staff members were a highlight of the

conference. Ranging in grade level from 7 to 11, they

were recommended by teachers and were given three

days training prior to the conference. Among other

duties, each junior staff member was assigned a task

force of students who were to work on a specific

project and make a presentation at the end of the

conference. Their skits, plays and presentations were

well done and memorable.

As a result of Power Trek, the student/teacher teams

spread the knowledge and experience gained at the

conference through several NEED workshops and

presentations conducted throughout the state. In

addition, they participated in the Energy Awareness

Month Exhibition at Ala Moana Center with hands

on games and experiments. Students from Moanalua

High and Punahou schools performed NEED skits,

songs and a project planning presentation at the

Hawaii Environmental Education Association

Conference in October.

TEACHER AND STUDENT EDUCATION

A continuing goal of HEES is to provide teachers and

students with energy information that they can use in

their daily lives and studies, and, in the case of teachers,

integrate this information into their classroom cur

riculum. At the request of teachers, presentations are

made to students at all grade levels, on a variety of

energy subjects. In addition, special workshops may

be scheduled.

DEduc assists by reviewing agendas or workshop

concepts, publicizing workshops within the school

system and helping arrange for facilities.

Some of the workshops use activities and materials

from NEED. These workshops educate students and

teachers about energy and help empower students to

become peer teachers and leaders in the field of

energy education.



The "Energy in Action!" non-credit, in-service training

workshops, a project started in 1993 by the HEES,

reached 66 instructors on the Island of Hawaii, many

of whom were private school educators.

Another major outreach activity was participation in

fairs and expos held across the Island. Staffing an

informative booth and providing free brochures, HEES

agents assisted an estimated 5,500 residents in 1993.

Also in 1993, HEES provided energy information to

approximately 10,000 individuals through other out

reach programs and its information center. Citizens

were able to have their questions answered by

extension service staff, conduct research in the HEES

reference library, peruse a wide selection of free

publications, and make use of a videotape library.

The selection of Kealakehe Intermediate School to

represent Hawaii at the NEED Youth Awards

Program in Washington, D.C., in June was a land

mark achievement. A team of nine students at

Kealakehe Intermediate completed a comprehensive

project of peer education and public information,

then raised enough money to attend the Youth

Awards Program ceremony.

CURRICULUM DEVELOPMENT

DBEDT is developing a statewide energy education

program for teachers in grades three through six. The

goal is to make students more aware of their energy

use and the energy use of others, help them realize the

importance of wise energy use and development, and

to spur them to actively participate in ways to make

the state more energy independent.

RESOURCE TEACHER POSITION

A resource teacher was hired as a liaison between

DBEDT and DEduc to assist with the various DBEDT

energy education projects. As the Energy Project

Resource Teacher, the teacher worked on energy

education curriculum, NEED Project activities,

school presentations and workshops. The teacher also

assisted with coordinating the Mini-Solar Vehicle

Project, DBEDT Statewide Poster Contest on Energy,

DBEDT Hawaii Energy Tide Calendar, and other

projects with the DEdue.

CREDIT AND NON-CREDIT COURSES VIA THE

UNIVERSITY OF HAWAII AT HILO

HEES helps Island of Hawaii teachers by providing

educators taking credit courses with information,

activities and games needed to incorporate energy

studies into their classroom curriculum. It helps the

general public by supplying non-credit classes with

practical information on energy subjects. The

ongoing program costs about $2,000 a year.

The College of Continuing Education and

Community Service at the UH-Hilo is under contract

to DBEDT to sponsor a series of energy classes. HEES

staff members determine the courses to be offered,

design them in cooperation with the instructors and

either teach the courses or assist the instructors.

Two accredited teacher courses and two non-credit

public special interest courses were taught during 1993.

HEES staff members were the instructors for the credit

courses and facilitated the public special interest classes.

SEMINAR ON FOSSIL ENERGY IN HAwAll

Hawaii has avoided any increase in dependence on oil

despite an increasing demand for energy and a reduc

tion in bagasse available from the sugar industry. In

fact, the use of oil to generate electric power dropped

in 1993 to just 75 percent statewide - down from 89

percent in 1991.

Other non-oil energy sources have taken up the slack:

hydropower, wind power, solar water heating, municipal

solid waste, geothermal energy and coal.

Those facts emerged at a 1993 Seminar on Fossil

Energy in Hawaii co-sponsored by DBEDT and the

EWC Program on Resources.



The 150 people who attended the seminar explored

the status of the world's fossil fuels markets; the

current use of fossil energy in Hawaii and options for

fossil fuels in Hawaii's future. The information was

based on results of the EWC Program on Resources'

work for DBEDT under the Hawaii Energy Strategy.

Among the key conclusions of the EWC research

were:

• Fossils fuels areessential to the world's economy

because of their energy density, convenience and

low cost. This low costdiscourages theadoption

of alternatives. Althoughsupplies of oil, gas and

coal arefinite, provenreserves have continued to

increase in the last30 years.

• Oil is traded in a single worldmarket in which

Hawaii isa small partwith negligible influence.

In the Asia-Pacific region, growing demandwill

begin to exceed regional production by theend of

thedecade, reducing exportable surpluses. This

could make the high quality (light, low sulfur) oil

that Hawaiirefiners obtainfrom the region more

expensive. Moreover, Hawaiinow gets halfof

its oilfrom Alaska's North Slope, where produc

tion is declining.

• Coal is the most widely available source of fossil

fuel in the world whereas relatively few countries

havesignificant supplies of oil. With 300 years

of reserves and wide distribution, there is little

chance of a coal cartel forming. Coal prices have

decreased significantly during the lastdecade,

and no substantial increases are predicted The

main disadvantages to coal are theemissions, but

new "clean coal" technologies effectively mitigate

the pollution.

AWARDS FOR DBEDT'S ENERGY COMMUNICATIONS

DBEDT's "The Great Hawaiian Energy Challenge"

series of video public service announcements (PSA)

received top honors in the Government and Non

Profit Tool category, Video Public Service

Announcement from the Hawaii Chapter of the

Public Relations Society of America. The PSAs

focused on Hawaii's dependency on oil for energy

needs, promoted energy conservation/efficiency prac

tices, emphasized the urgent need to further develop

our renewable energy resources and addressed the

environmental implications of the state's continued

dependence on imported oil.

The primary objective for the 1993 media campaign

was to emphasize and heighten the public's awareness

of Hawaii's dependence on imported oil while

promoting energy self-sufficiency through the

development of efficient, reliable, economic and

environmentally responsible energy systems to meet

the state's needs.

Three of the four videos utilized a game show theme

to gain and maintain audience attention in an effort

to educate the viewers on the subject of energy and

get them to use energy wisely. The closing line, "It's a

challenge we can't afford to lose!" provided further

emphasis for the need to increase our energy conser

vation efforts and support for Hawaii's renewable

energy resources.

The fourth video featured a "kid" and utilized a

serious and "jarring"/shock-oriented approach. The

video's theme, "It's time for us to put some energy

into our future," and its closing line, "It's not just a

game any more!" emphasized the urgency of the

state's situation and the environmental dangers of

remaining an oil-dependent state.



DBEDT's 1993 Hawaii Energy Tide Calendar was

awarded second prize at the u.s. DOE's 1993 SECP

All States Conference held in Hollywood, Florida, in

October. This conference for energy program

managers focused on the various changes and strategies

for state energy and environmental programs.



ENERGY EMERGENCY PREPAR

Hawaii is critically vulnerable to both economic

changes and shortage problems affecting petroleum

supplies. Tankers must cross thousands of miles of

ocean to bring Hawaii the petroleum it needs. That's

why contingency planning to deal quickly and effec

tively with disruptions in energy supplies is a critical

part of DBEDT's function.

Oil Tanker Ofjloading Oil at theOffshore Mooring Terminal.

At the 1992 legislative session, DBEDT actively

supported Act 182, which provides for biennial

energy emergency planning in which state and

county plans are coordinated and made consistent.

An additional requirement of this biennial energy

emergency planning is a comprehensiveness

requirement in which utility plans are to be

incorporated, in addition to planning for fuel

disruptions. Act 182 also clarifies conditions under

which monies may be spent from the Petroleum

Products Control Fund. It appropriates significant

funds for state energy emergency planning and

additional funds for each county to develop its own

energy emergency plan consistent with the state plan.

STATE AND INDUSTRY ENERGY E

EXERCISE

One objective of the state's EEP program is to conduct

regular energy emergency exercises to provoke

thoughtful examination of each organization's energy

emergency plans in response to an emergency scenario,

and to recreate the conditions for spontaneous

decision-making that

would unfold in an

energy emergency

situation.

During 1993, an energy

emergency exercise plan

was developed by an

energy exercise design

committee of industry,

state and county repre

sentatives. The exercise

would test government

and industry's EEP

readiness and respon-

siveness with emphasis

on inter- and intra-orga

nizational communications and coordination.

Participants who would take part in such an exercise

would be members of the Governor's Energy

Emergency Preparedness Committee representing

industry, counties and the state, as well as other

supporting groups, such as police and fire departments.

The actual implementation of the exercise is planned

for 1994.

ENERGY VULNERABILITY ASSESSMENT REPORT AND

CONTINGENCY PLANNING

This project - which is Project 6 of the HES Program

set forth in the Energy Planning segment of this

report - will determine how vulnerable Hawaii's

energy systems are to disruptions stemming from



natural disasters affecting Hawaii's six major islands.

It will gauge the state's capability to contend effec

tively with a disruption of the energy supply, and

assess implementation of the study recommendations

by Federal Emergency Management Agency. It will

also recommend future funding support of the study

recommendations.

The objectives of this project will be to conduct a

vulnerability study of Hawaii's energy infrastructure,

procedures and plans. The project will assess Hawaii's

three major energy sectors: electric, gas and petroleum

and identify system vulnerabilities that could

undermine maintenance of "lifeline activities" such

as water pumping, telecommunication services and

sewage treatment.

Also, the project will assess the extent of physical

exposure of transmission, distribution, refining, and

storage facilities to tsunami inundation, hurricane

wind and ocean surge exposure, earthquake collapse,

or volcanic ash and lava flow engulfment. In addi

tion, the extent to which current mitigative, response

and routine operational procedures may expose facilities

to increased damage will be assessed.

Further, the project will evaluate current industry and

state plans and recommended initiatives to improve

Hawaii's contingency planning and response capability

to contend effectively with energy supply disruptions,

and "acceptable" levels of risk for Hawaii's energy

systems will be identified.

"Acceptable" levels of risk for Hawaii's energy

systems will be identified by:

• Projecting the probable damage from natural

disasters on the basis of experience. With the

assistance of the U.S. Weather Service or other

aj)propriate agencies, the project willdocument,

analyzeand assess the frequency and worst-case

strength of a probable hurricane, tsunami or

earthquake statewide. The project willdo the

same with regard to volcanic eruptions on the

island of Hawaii. Further, the potential impact

of a naturaldisaster for contingency planning

consideration willbe evaluated. In addition,

estimates will be proposed on the cost of damage

from naturaldisasters as it compares with the

cost of minimizingdisaster damage by taking

preventive measures.

• Developing hazard mitigation measures/

contingency recommendations 

identification/evaluation of options.

• Considering cases whererisks are unacceptably

high, the project will identify and recommend

steps to be taken by the state and industry to

increase reliability of the totalenergy system,

reduce its vulnerability and assure rapid restoration

of disrupted services. These recommendations

should meet the following criteria:

( 1) Cost-effectiveness of the option. The

benefits accruing from the option to

reduce the vulnerability should provide

future savings justifiable from any one

time capital investment. Measures are

to be applied where appropriate using

discounted benefit/cost ratios and capital

recovery calculations.

(2) Functional effectiveness of the option.

The identified hazard should be mitigated

and/orservice restored with the least

possible disruption of energy supplies

and services.

The project will identify and recommend improve

ments to current state/industry contingency plans so

that the response will cope effectively with disruption

in the supply of energy.

STATE AND COUNTY EMERGENCY PREPAREDNESS

PLANNING PROJECT

Act 182 of the 1992 legislative session mandated this

project to develop coordinated, consistent state and

county EEP, response and communication plans. The

project will for the first time provide statewide



coordination and consistency of energy emergency

response activities. However, the plans provide for

operational implementation at the county level, with

allowances for county variations. The mayors of the

four counties have signed a letter of agreement with

the state for the counties' full participation in

implementing this project.

Representatives of industry and the state and county

governments are participating on a task force to

implement the project.

Task Force members are representatives of the

utilities, oil companies, retail gasoline dealers, PUc,

State Civil Defense, county mayors and DBEDT.

Funding for the $120,000 program will come from the

legislative appropriation provided to the state and

counties. NEOS Corporation has been retained as the

project consultant.
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WORLD ENERGY RESERVES
AND RESOURCES

Estimates of the future availability of world crude oil and natural gas are based upon current estimates of

world reserves and resources. Reserves as commonly defined are the "Proven Reserves," oil and natural gas

that is known with a good degree of certainty to exist and can be recovered under present economic, oper

ating and technical conditions. Resources are undiscovered recoverable oil and gas resources thought to

exist in geologic strata favorable for crude oil extraction.

Because these data are based upon estimation and judgment, large shifts in these estimates occur as experts

modify their estimates. Estimates of world crude oil and natural gas reserves in January 1993 and published

in Oil & GasJournal reveal the following: III

Estimated world crude oil reserves increased marginally during 1992. Oil pro
duction was steady at about 60 million barrels per day, only slightly below
most estimates of accessible production capacity.

Nineteen ninety-two brought large declines in the United States and
Commonwealth of Independent States (CIS) and other former members of the

old Soviet Union. The United States production dropped by 280,000 barrels
per day (b/d) to a yearly average of 7.1 million b/d in a trend not likely to

be reversed under current Federal leasing policies. CIS output fell by 1.4 mil
lion b/d to 8.9 million bId.

The Organization of Petroleum Exporting Countries (OPEC) control 77 percent

of the world's crude oil reserves. The Western Hemisphere controls 15 percent
and Western Europe only 2 percent.

A disparity in ratios of oil reserves to production shows where most future
output growth will occur: OPEC and the Middle East. OPEC's collective

reserve/production ratio is 87 years compared with the world's ratio of 46

years. The higher reserve/production ratio indicates greater potential for
development.

II/Data published in Oil & Gas Journal, December 28, 1992.
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WORLD CRUDE 01 L& NATURAL GAS
RESERVES · JANUARY 1, 1993

Country Crude Oil Natural Gas
or Region (Billion bbl) Percent (Tril. cu. ft.) Percent

North America 81.3 8.2 333.7 6.8
Canada 5.3 0.5 95.7 2.0
Mexico 51.3 5.1 70.9 1.5
USA 24.7 2.5 167.1 3.4

Central & S. America 72.5 7.3 188.6 3.9
Venezuela 62.6 6.3 126.5 2.6
Other 9.9 1.0 62.1 1.3

West Europeand 15.8 1.6 191.8 3.9
North Sea

Mid East 661.8 66.4 1,520.1 31.1
Abu Dhabi 92.2 9.2 188.4 3.9
Iran 92.9 9.3 699.2 14.3
Iraq 100.0 10.0 109.5 2.2
Kuwait 94.0 9.4 52.4 1.1
Saudi Arabia 257.8 25.9 182.6 3.7
Other 24.9 2.5 288.0 5.9

Africa 61.9 6.2 346.9 7.1
Libya 22.8 2.3 46.2 0.9
Nigeria 17.9 1.8 120.0 2.5
Other 21.2 2.1 180.7 3.7

Far East,Oceania 20.6 2.1 291.6 6.0
India 6.0 0.6 25.9 0.5
Indonesia 5.8 0.6 64.4 1.3
Malaysia 3.7 0.4 67.8 1.4
Other 5.1 0.5 133.5 2.7

EastEurope,China
other Communist areas 83.2 8.3 2,012.7 41.2
Former USSR 57.0 5.7 1,942.3 39.8
China 24.0 2.4 49.4 1.0
Other 2.2 0.2 21.0 0.4

Total OPEC 772.2 77.4 1,965.7 40.2

WORLD TOTAL 997.1 100.0 4,885.4 100.0

Source: Oil & Gaslournal, December 28,1992.
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NATION AND HAWAII

In 1992, the United States as a whole depended upon

petroleum for about 40.7 percent of its energy needs,

proportionately about the same as for the previous year.

Coal and natural gas supplied 22.9 and 24.7 percent

respectively. Nuclear supplied 8.1 percent and hydro

electricity 3.4 percent. In addition, wind, geothermal,

biomass and other energy sources accounted for 0.3 percent.

In contrast to the national average, Hawaii in 1992

depended upon petroleum for 90.4 percent of its energy

needs. Biomass, used mainly by sugar plantations to

generate electricity and industrial steam, contributed

6.4 percent. Biomass in the form of municipal solid waste

in 1992 also included a large amount of electricity generated

by the City and County of Honolulu's municipal waste to

energy facility. Coal, solar water heating, hydroelectricity,

wind, and geothermal made up the remaining 3.2 percent.

Hydro 3.4%
Nuclear 8.1 % I ,Other 0.3%

Petroleum
40.7%

(oaI22.9%

Natural Gas
24.7%

Other 0.8%l
Biomass 6.4

1%

~oal 2.2%

~

Hydro 0.2%

Petroleum
90.4%

PRIMARY ENERGY CONSUMPTION, UNITED STATES & HAWAII, 1992
Percentageby Energy Source

Source: U.S. Department of Energy. EnergyInformationAdministration;and Hau'aii Departmentof Business. EconomicDevelopment& Tourism records.
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NATION AND HAWAII

100"10

0%

Hawaii is unique among the 50 states in that more than 90 percent of its energy comes

from oil.

Because it is isolated geographically, Hawaii cannot draw power from neighboring states.

It has no conventional energy resources such as oil, coal or natural gas. Therefore, Hawaii

must import every barrel of oil and ton of coal it uses. Tourism, the largest component of

Hawaii's economy, is dependent upon airline transportation. As a result, jet fuel accounts

for 32 percent of the state's total energy consumption.

In 1991, the latest year for which individual state data are available, Hawaii ranked high.

est among all the states in terms dependence upon petroleum (91.9 percent). Ranking

Hawaii's oil dependence is
the highest of all 50 states

and Washington D.C.
Over
91%

-

-

r-
63%

60%r- •

f--

'--

'--

-

-

Petroleum Dependence by State: 1991
Percent of Total Energy Use

Source: u.s. Departmentof Energy, EnergyInformationAdministration;and Hawaii Departmentof Business, Economic Development& Tourism records.



PRIMARY PETROLEUM CONSUMPTION BY
SECTOR: NATION AND HAWAII, 1992

Like the United States as a whole, Hawaii

consumes more than 60 percent of its oil for

transportation purposes. However, in contrast with

the rest of the nation, 33.1 percent of Hawaii's oil

consumption goes to air transportation as compared

with only 9.1 percent nationally. Fully 55.8 percent

of the nation's oil consumption goes to ground and

water transportation compared with only 31.6 per

cent in Hawaii. And 24.6 percent of Hawaii's oil is

used for electricity generation. In the nation as a

whole, coal is the dominant fuel used for

electricity generation and only 3.2 percent of the

oil is used for that purpose. But in Hawaii, oil is used

to generate about 84.7 percent of the electricity.

Other
32.2%

Electric Utilities
2.9%

Ground & Water 55.8%

Electric
Utilities
24.6

Other
10.7%

Air
33.1%

Ground & Water
31.6%

PETROLEUM CONSUMPTION BY SECTOR: UNITED STATES & HAWAII, 1992

Source: u.s. Departmentof Energy, Energy InformationAdministration;and Hau'aii Departmentof Business, Economic Development& Tourism records.
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ELECTRICITY
NATION AND

PRODUCTION:
HAWAII

In 1992, the United States depended upon oil for

3.2 percent of its electricity generation. Coal was

used to generate 56.3 percent of the nation's elec

tricity. Nuclear plants produced 22.1 percent, natu

ral gas 9.4 percent, and hydroelectricity 8.6 percent.

In contrast to the rest of the nation, Hawaii used

petroleum to produce 84.7 percent of its electricity.

Biomass from sugar plantations and municipal solid

waste was used to generate 8.2 percent of the state's

electric power. The remaining 7.1 percent came

from coal, hydroelectricity, wind and geothermal.

Hawaii Electricity Production: 1991 and 1992
(Thousand kWh)

Source 1991 Percent 1992 Percent

Petroleum 8/661/559 90.2 8/556/142 84.7
Biomass [I] 815/767 8.5 833/238 8.2
Hydro 91/729 1.0 66/472 0.7
Wind 29/545 0.3 20/707 0.2
Geothermal 0 1/261
Coal 7/937 0.1 625/903 6.2
Photovoltoics 27 28

Total 9/606/564 100.0 10/103/751 100.0

illIncludedelectricitygenerationfromH-POWER, Honolulu'smunicipalsolidwasteplant. "Lessthan 0.1percent.
Source: DepartmentofBusiness, EconomicDevelopment & Tourism, EnergyDivision records.

United States Electricity Production by Utilities: 1991 and 1992
(Million kWh)

Source 1991 Percent 1992 Percent

Petroleum 111/463 3.9 88/916 3.2
Natural Gas 264,172 9.4 263/872 9.4
Hydro 275/519 9.8 239,559 8.6
Nuclear 612/565 21.7 618/776 22.1
Coal 1/551/167 54.9 1,575,895 56.3
Other!" 10/137 0.4 10,200 0.4

Total 2,825,023 100.0 2,797,218 100.0

Iii Includes geothennal, wood, waste, wind, photovoltaic, and solar thermal energy sources.
Source: Energy Information Agency Monthly Energy Review, August 1993.
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In 1991, electric utilities in Hawaii and the District

of Columbia were dependent on oil for more than

90 percent of their electricity generation ne-ds.

Electric utilities in Massachusetts, third highest in

petroleum dependency, depended on oil for about

40.8 percent of their production.

Utilities in the United States as a whole were depen

dent on oil for only about 4.0 percent for electricity

generation.

Electric utilities in eight states were dependent on oil

between 11 percent and 40 percent; utilities in

another 8 were dependent between 1 percent and

10 percent; and utilities in the remaining 32 states

depended on oil for less than 1 percent for electricity

generation.

Most states rely on coal for electricity generation and,

in fact, the United States as a wh:)le usd coal to

generate abour 54.9 percent of its electricity in 1991

and 56.3 percent in 1992.

This chart illustrates the
wide range of oil

dependency for electricity
generation among states.
All states use oil for this

purpose but states that use
less than 0.2 percent do

not show a bar because of
the scale of this charI.

100%

0%

90"10
.
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i
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I--
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111.1•____
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Oil Dependency of Electric Utilities
Source: E1A State Energy Data Report, 1991 (May 1993).
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ELECTRICITY GENERATION BY SOURCE: 1992

In 1992, over 84 percent of Hawaii's total electricity production depended on oil. In contrast, the nation

as a whole used oil for only about three percent of its electricity production. Coal accounted for over half

the nation's electricity output.

Natural Gas 9.4%

Petroleum 3.2%

I

Nuclear
22.1%

Wind 0.2%

Hydro 0.7%" 1'001 6.2%

Petroleum 84.7%

100%

...
z......
D:...
lL

o

ELECTRICITY GENERATION BY ISLAND: 1992
(Area of bars are proportional to electricity generation on each island)

Reliance on oil for electricity generation varies from island to island, ranging from total dependence on

Lanai to a low of about 74 percent on Kauai.

7,558,647M'Mr

Oil

OAHU

Biomass • Hydropower Other

MAUl HAWAII KAUAI MOLOKAI LANAI
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In 1992, electric utilities in Hawaii generated about 80 percent of the state's demand. Electricity generated by

plantations and other private companies accounted for the remaining 20 percent, most of which was sold to

the electric utilities under contract. Petroleum was used to generate about 84.7 percent of Hawaii's electricity;

biomass, including municipal solid waste, supplied about 8.2 percent; and the remaining 7.1 percent came from

coal, hydroelectric, wind and other sources. This heavy reliance on oil varies widely from island to island,

ranging from 100 percent on Lanai to a low of 74.2 percent on Kauai.

Electricity Generation by Fuel Type or Source, Hawaii: 1992
(Thousand kWh)

Total Petroleum Biomass"! Hydro Wind Geothermal Coal PV [2J

State Total 10,103,751 8,556,142 833,238 66,472 20,707 1,261 625,903 28

Oahu 7,558,647 6,547,030 454,698 0 5,016 0 551,903 0
Kauai 435,403 323,233 78,700 33,470 0 0 0 0
Hawaii 961,938 763,985 142,690 12,682 15,000 1,261 26,320 0

Maui County 1,147,763 921,894 157,150 20,320 691 0 47,680 28
Maui 1,087,833 862,655 157,150 20,320 0 0 47,680 28
Molokai 33,367 32,676 0 0 691 0 0 0
Lanai 26,563 26,563 0 0 0 0 0 0

Electricity Generation by Fuel Type or Source, Hawaii: 1992
(Percent)

Total Petroleum Biomass [I) Hydro Wind Geothermal Coal PV[2J

State Total 100.0 84.7 8.2 0.7 0.2 * 6.2 *

Oahu 100.0 86.6 6.0 0.0 0.1 0.0 7.3 0.0
Kauai 100.0 74.2 18.1 7.7 0.0 0.0 0.0 0.0
Hawaii 100.0 79.4 14.8 1.3 1.6 0.1 2.7 0.0

Maui County 100.0 80.3 13.7 1.8 0.1 0.0 4.2 *
Maui 100.0 79.3 14.4 1.9 0.0 0.0 4.4 *
Molokai 100.0 97.9 0.0 0.0 2.1 0.0 0.0 0.0
Lanai 100.0 100.00 0.0 0.0 0.0 0.0 0.0 0.0

11/ Includes electricity generation from Honolulu's municipal solid waste plant.
{2] PVUSA Maui photovoltaic.

* Less than 0.0 I percent.

Source: Department of Commerce & Consumer Affairs, Division of Consumer Advocacy Records; Department of Business, Economic Development

& Tourism, Energy Division records.
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ENERGY CONSUMPTION
SOURCE, HAWAII

Btu)

PRIMARY
BY
(Trillion

Year Total Petroleum Biomass Hydro- Geo- Solar Hot Wind Coal Solid
Electric thermal Water Waste

1960 120.4982 98.8532 21.3450 0.3000 0 0 0 0 0
1961 141.3156 116.6716 24.3440 0.3000 0 0 0 0 0
1962 137.1934 111.5904 25.4030 0.2000 0 0 0 0 0
1963 143.8698 117.6498 26.0200 0.2000 0 0 0 0 0
1964 153.9604 126.0344 26.7260 1.2000 0 0 0 0 0

1965 160.6014 131.6284 27.8730 1.1000 0 0 0 0 0
1966 175.5990 146.7910 27.6080 1.2000 0 0 0 0 0
1967 196.1247 166.3587 28.6660 1.1000 0 0 0 0 0
1968 214.9613 185.2063 28.7550 1.0000 0 0 0 0 0
1969 221.9387 192.5367 28.4020 1.0000 0 0 0 0 0

1970 225.2299 197.2279 26.9020 1.1000 0 0 0 0 0
1971 241.0916 212.8486 27.3430 0.9000 0 0 0 0 0
1972 245.1282 218.3842 25.8440 0.9000 0 0 0 0 0
1973 250.5421 223.7861 25.7560 1.0000 0 0 0 0 0
1974 237.2659 212.2739 23.9920 1.0000 0 0 0 0 0

1975 238.3572 213.4572 24.0000 0.9000 0 0 0 0 0
1976 240.5195 215.5195 24.0000 1.0000 0 0 0 0 0
1977 254.5484 229.5889 24.0000 0.9000 0 0.0595 0 0 0
1978 259.1148 233.5357 24.4000 0.9000 0 0.2791 0 0 0
1979 278.4501 253.0344 24.0000 0.9000 0 0.5157 0 0 0

1980 273.8809 248.0109 24.2000 0.9000 0 0.7700 0 0 0
1981 273.3226 245.5086 24.0900 0.7356 0 1.1185 0 1.8700 0
1982 272.1129 244.3151 23.9200 1.0939 0.1572 1.3567 0 1.2700 0
1983 279.0303 250.6283 24.8500 0.8865 0.1886 1.5269 0 0.9500 0
1984 276.3700 248.4026 24.3650 0.7796 0.2075 1.7683 0 0.8470 0

1985 266.2178 238.6470 23.1430 0.9808 0.1886 2.1327 0.1697 0.9560 0
1986 271.0562 242.5857 23.9670 1.0562 0.1823 2.1644 0.6036 0.4970 0
1987 284.2043 256.4061 22.1840 0.9670 0.1446 2.1914 0.8236 1.4875 0
1988 306.9212 279.1052 22.7080 0.9826 0.1629 2.1931 0.4185 1.3509 0
1989 314.9631 289.2301 20.8020 1.0183 0.1435 2.3310 0.4189 0.8715 0.1478

1990 306.7040 280.8740 18.1200 1.0700 0.0000 2.3400 0.2900 0.8900 3.1200
1991 315.5060 289.9000 17.9000 1.0000 0.0000 2.3000 0.3060 0.8000 3.3000
1992p 321.7222 290.8500 16.9840 0.7226 0.0168 2.3000 0.2573 6.9207 3.6708

p=preliminary.
Source: u.s. Departmentof Energy, EnergyInformationAdministration; De/Jartment of Business, EconomicDevelopment& Tourism.
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PRIMARY ENERGY CONSUMPTION BY
SOURCE, HAWAII (Percent By Source)

Year Petroleum Biomass Hydro- Geo- Solar Hot Wind Coal Solid Total
Electric thermal Water Waste

1960 82.04 17.71 0.25 0 0 0 0 0 100.0
1961 82.56 17.23 0.21 0 0 0 0 0 100.0
1962 81.34 18.52 0.15 0 0 0 0 0 100.0
1963 81.78 18.09 0.14 0 0 0 0 0 100.0
1964 81.86 17.36 0.78 0 0 0 0 0 100.0

I

1965 81.96 17.36 0.68 0 0 0 0 0 100.0
1966 83.59 15.72 0.68 0 0 0 0 0 100.0
1967 84.82 14.62 0.56 0 0 0 0 0 100.0
1968 86.16 13.38 0.47 0 0 0 0 0 100.0
1969 86.75 12.80 0.45 0 0 0 0 0 100.0

1970 87.57 11.94 0.49 0 0 0 0 0 100.0
1971 88.29 11.34 0.37 0 0 0 0 0 100.0
1972 89.09 10.54 0.37 0 0 0 0 0 100.0
1973 89.32 10.28 0.40 0 0 0 0 0 100.0
1974 89.47 10.11 0.42 0 0 0 0 0 100.0

1975 89.55 10.07 0.38 0 0 0 0 0 100.0
1976 89.61 9.98 0.42 0 0 0 0 0 100.0
1977 90.19 9.43 0.35 0 0.02 0 0 0 100.0
1978 90.13 9.42 0.35 0 0.11 0 0 0 100.0
1979 90.87 8.62 0.32 0 0.19 0 0 0 100.0

1980 90.55 8.84 0.33 0 0.28 0 0 0 100.0
1981 89.82 8.81 0.27 0 0.41 0 0.68 0 100.0
1982 89.78 8.79 0.40 0.06 0.50 0 0.47 0 100.0
1983 89.82 8.91 0.32 0.07 0.55 0 0.34 0 100.0
1984 89.88 8.82 0.28 0.08 0.64 0 0.31 0 100.0

1985 89.64 8.69 0.37 0.07 0.80 0.06 0.36 0 100.0
1986 89.50 8.84 0.39 0.07 0.80 0.22 0.18 0 100.0
1987 90.22 7.81 0.34 0.05 0.77 0.29 0.52 0 100.0
1988 90.94 7.40 0.32 0.05 0.71 0.14 0.44 0 100.0
1989 91.83 6.60 0.32 0.05 0.74 0.13 0.28 0.05 100.0

1990 91.58 5.91 0.35 0.00 0.76 0.09 0.29 1.02 100.0
1991 91.88 5.67 0.32 0.00 0.73 0.10 0.25 1.05 100.0
1992p 90.40 5.28 0.22 0.01 0.72 0.08 2.15 1.14 100.0

pspreliminarp.
Source:U.S. Departmentof Energy,Energy InformationAdministration;Departmentof Business, EconomicDevelopment & Tourism.
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PRIMARY ENERGY CONSUMPTION AND ENERGY
CONSUMPTION PER DOLLAR OF CONSTANT GROSS
STATE PRODUCT, HAWAII: 1960 to 1992

Energy Constant GSP Quantity Annual
Consumed {Thousands of {Thousand Btu Change

Year (Trillion Btu) 1982 $) per 1982 $) (Percent)

1960 120.49816 5,248,100 22.960
1961 141.31562 5,250,000 26.917 17.2
1962 137.19339 5,471,000 25.076 -6.8
1963 143.86984 5,606,200 25.663 2.3
1964 153.96038 6,167,500 24.963 -2.7

1965 160.60139 6,714,300 23.919 -4.2
1966 175.59905 7,083,500 24.790 3.6
1967 196.12467 7,329,400 26.759 7.9
1968 214.96128 7,932,500 27.099 1.3
1969 221.93865 8,905,600 24.921 -8.0

1970 225.22990 9,324,600 24.154 -3.1
1971 241.09159 9,806,500 24.585 1.8
1972 245.12817 10,464,500 23.425 -4.7
1973 250.54211 10,982,400 22.813 -2.6
1974 237.26587 10,948,500 21.671 -5.0

1975 238.35719 11,596,600 20.554 -5.2
1976 240.51954 11,746,400 20.476 -0.4
1977 254.54840 12,103,300 21.031 2.7
1978 259.11475 21,482,900 20.758 -1.3
1979 278.45009 12,972,100 21.465 3.4

1980 273.88094 13,690,500 20.005 -6.8
1981 273.32263 14,022,500 19.492 -2.6
1982 272.11290 13,691,000 19.875 2.0
1983 279.03031 14,210,000 19.636 -1.2
1984 276.36995 14,637,000 18.882 -3.8

1985 r 266.21778 15,107,300 17.622 -6.7
1986 r 271.05620 15,807,600 17.147 -2.7
1987 r 282.71678 16,458,600 17.177 0.2
1988 r 306.72360 17,506,000 17.521 2.0
1989 r 314.96310 18,578,100 16.953 -3.2

1990 r 306.70400 19,525,600 15.708 -7.3
1991 r 315.50600 19,573,100 16.119 2.6
1992 P 321.72220 19,084,400 16.858 4.6

r=revisedGross State Product(GSP); pepreliminaru.
Source: Departmentof Business, EconomicDevelopment and Tourism, DataBook1992; EnergyDivision records.
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PRIMARY ENERGY CONSUMPTION AND PER
CAPITA CONSUMPTION, HAWAII: 1960 TO 1992

.. l' i ~

Primary Energy De Facto Annual
Consumption Population Millions of Change

Year (Trillion Btu) (July 1) Btu (Percent)

1960 120.49816 651,200 185.040
1961 141.31562 668,200 211.487 14.3
1962 137.19339 693,600 197.799 - 6.5
1963 143.86984 694,500 207.156 4.7
1964 153.96038 711,200 216.480 4.5

1965 160.60139 715,400 224.492 3.7
1966 175.59905 724,600 242.339 8.0
1967 196.12467 742,600 264.105 9.0
1968 214.96128 758,800 283.291 7.3
1969 221.93865 778,800 284.975 0.6

1970 225.22990 798,600 282.031 -1.0
1971 241.09159 833,100 289.391 2.6
1972 245.12817 869,800 281.821 -2.6
1973 250.54211 901,300 277.979 -1.4
1974 237.26587 923,700 256.865 -7.6

1975 238.35719 943,500 252.631 -1.6
1976 240.51954 970,300 247.882 -1.9
1977 254.54840 992,300 256.524 3.5
1978 259.11475 1,014,300 255.462 -0.4
1979 278.45009 1,042,700 267.047 4.5

1980 273.88094 1,055,400 259.504 -2.8
1981 r 273.32263 1,062,600 257.221 -0.9
1982 272.11290 1.084.600 250.888 -2.5
1983 r 279.03031 1,109,200 251.560 0.3
1984 r 276.36995 1,130,500 244.467 -2.8

1985 r 266.21778 1,137,800 233.976 -4.3
1986 271.05620 1,167,500 232.168 -0.8
1987 r 282.71678 1,186,500 238.278 2.6
1988 r 306.72360 1,200,400 255.518 7.2
1989 r 314.96310 1,245,600 252.861 -1.0

1990 r 306.70400 1,258,000 243.803 -3.6
1991 r 315.50600 1,277,600 246.952 1.3
1992 P 321.72220 1,300,600 247.364 0.2

r= revisedde factopopulation; p-preliminarp.
"tComputedon de facto population.
Source: DepartmentofBusiness, EconomicDevelopment & Tourism, DataBook1992, and EnergyDivision records.
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PETROLEUM CONSUMPTION, HAWAII
(Thousand Barrels)

Aviation Motor Residual
Year Total Gas Diesel Jet Fuel Kerosene Propane Gasoline Fuel Oil Other

1960 17,430 2,582 886 5,011 91 112 3,429 4,766 553
1961 20,474 2,994 1,663 5,558 69 140 3,546 5,926 578
1962 19,459 1,790 1,637 5,532 55 172 3,708 5,974 591
1963 20,444 1,084 1,362 6,892 49 232 3,756 6,431 638
1964 21,801 561 1,761 7,682 50 257 3,861 6,965 664

1965 22,777 626 1,612 8,275 49 219 4,082 7,230 684
1966 25,448 870 1,378 10,158 37 242 4,294 7,801 668
1967 28,785 477 1,208 12,802 33 285 4,526 8,818 636
1968 32,009 268 1,420 14,723 27 298 4,882 9,738 653
1969 33,469 195 1,601 14,834 29 912 5,176 10,056 666

1970 34,320 162 1,695 14,884 153 938 5,691 10,154 643
1971 37,047 165 1,709 16,939 80 963 5,872 10,701 618
1972 37,962 165 1,776 16,839 52 945 6,202 11,338 645
1973 38,922 153 1,837 17,043 41 942 6,608 11,575 723
1974 36,927 145 1,951 15,432 75 966 6,543 11,122 693

1975 37,106 133 1,948 15,363 76 872 6,766 11,255 693
1976 37,473 130 2,337 14,202 129 1,036 7,029 11,871 739
1977 39,823 147 2,865 14,875 169 877 7,406 12,695 789
1978 40,458 141 3,567 14,861 146 702 7,639 12,556 846
1979 44,115 152 6,567 15,276 40 1,583 7,506 12,167 824

1980 43,126 199 5,987 14,116 9 1,573 7,231 13,196 815
1981 42,681 55 4,604 16,451 0 1,285 7,033 13,223 29
1982 42,325 45 4,569 15,427 0 1,335 6,823 14,121 6
1983 43,400 215 4,853 14,724 0 1,360 7,274 14,958 16
1984 43,065 74 5,513 14,398 0 1,273 7,682 14,077 50

1985 41,786 65 4,262 17,297 0 1,292 7,528 11,293 50
1986 42,341 45 4,157 16,486 0 1,281 13,063 12,253 55
1987 44,837 29 3,124 18,775 0 1,333 8,911 12,606 59
1988 48,586 175 5,289 19,648 0 1,350 8,491 13,574 60
1989r 50,485 51 4,749 20,399 0 1,476 8,755 15,054 0

1990 48,989 45 5,541 19,239 0 1,490 8,940 13,735 0
1991r 50,364 45 5,355 18,720 0 1,490 8,958 15,796 0
1992p 50,569 48 6,067 16,423 0 2,375 9,100 16,556 0

r= revised; pspreiiminaru.
Source: U.S. DepartmentofEnergy, EnergyInformationAdministration; DepartmentofBusiness, EconomicDevelopment & Tourism.

APPENDIX A



ELECTRICITY SALES & GROSS STATE
PRODUCT, HAWAII: 1960 TO 1992

Total kWh
GSP Sales per Annual

(Thousands $1,000 of ChangeYear of 1982 $) Total Residential Other Constant GSP (Percent)

1960 5,248,100 1,602,197 580,849 1,021,348 305
1961 5,250,000 1,766,031 624,730 1,141,301 336 10.14
1962 5,471,000 1,966,105 678,628 1,287,477 359 6.83
1963 5,606,200 2,077,571 730,317 1,347,254 371 3.12
1964 6,167,500 2,284,275 786,118 1,498,157 370 -0.06

1965 6,714,300 2,445,025 853,086 1,591,939 364 -1.68
1966 7,083,500 2,639,866 912,616 1,727,250 373 2.34
1967 7,329,400 2,832,469 989,785 1,842,684 386 3.70
1968 7,932,500 3,109,256 1,083,233 2,026,023 392 1.43
1969 8,905,600 3,426,052 1,174,502 2,251,550 385 -1.85

1970 9,324,600 3,758,094 1,270,732 2,487,362 403 4.76
1971 9,806,500 4,167,127 1,375,308 2,791,819 425 5.44
1972 10,464,500 4,562,568 1,493,840 3,068,728 436 2.60
1973 10,982,400 4,867,850 1,581,855 3,285,995 443 1.66
1974 10,948,500 5,113,906 1,635,978 3,477,928 467 5.38

1975 11,596,600 5,334,755 1,676,438 3,658,317 460 -1.51
1976 11,746,400 5,615,210 1,750,618 3,864,592 478 3.91
1977 12,103,300 5,831,610 1,779,314 4,052,296 482 '0.79
1978 12,482,900 6,004,891 1,799,024 4,205,867 481 -0.16
1979 12,972,100 6,197,426 1,851,457 4,345,969 478 -0.69

1980 13,690,500 6,345,531 1,852,984 4,492,547 463 -2.98
1981 14,022,500 6,424,016 1,855,837 4,568,179 458 -1.16
1982 13,691,000 6,332,707 1,801,297 4,531,410 463 0.97
1983 14,210,000 6,425,578 1,814,336 4,611,242 452 -2.24
1984 14,637,000 6,606,255 1,837,954 4,768,301 451 -0.19

1985 r 15,107,300 6,635,158 1,879,027 4,756,131 439 -2.69
1986 r 15,807,600 7,025,739 1,959,447 5,066,292 444 1.20
1987 r 16,458,600 7,298,178 2,070,052 5,228,126 443 -0.23
1988 r 17,506,000 7,719,029 2,148,275 5,570,754 441 -0.56
1989 r 18,578,100 7,970,360 2,239,356 5,731,004 429 -2.70

1990 r 19,525,600 8,310,537 2,320,550 5,989,987 426 -0.79
1991 r 19,573,100 8,524,088 2,390,253 6,133,835 436 2.32
1992 P 19,084,400 8,666,889 2,435,656 6,231,233 454 4.28

r= revised Gross State Product (GSP); p=preliminary.

Source: Department of Business, Economic Development & T auTism records; Department of Commerce & Consumer Affairs records.
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ELECTRICITY SALES AND DE FACTO
POPULATION, HAWAII: 1960 TO 1992

l" "I ;;:

~ l l 1 :. ~

Total
De Facto kWh Sales Annual

Population Per De Facto Change
Year (July 1) Total Residential Other Population (kWh) (Percent)

1960 651,200 1,602,197 580,849 1,021,348 2,460
1961 668,200 1,766,031 624,730 1,141,301 2,643 10.14
1962 693,600 1,966,105 678,628 1,287,477 2,835 7.25
1963 694,500 2,077,571 730,317 1,347,254 2,991 5.53
1964 711,200 2,284,275 786,118 1,498,157 3,212 7.37

1965 715,400 2,445,025 853,086 1,591,939 3,418 6.41
1966 724,600 2,639,866 912,616 1,727,250 3,643 6.60
1967 742,600 2,832,469 989,785 1,842,684 3,814 4.70
1968 758,800 3,109,256 1,083,233 2,026,023 4,098 7.43
1969 778,800 3,426,052 1,174,502 2,251,550 4,399 7.36

1970 798,600 3,758,094 1,270,732 2,487,362 4,706 6.97
1971 833,100 4,167,127 1,375,308 2,791,819 5,002 6.29
1972 869,800 4,562,568 1,493,840 3,068,728 5,246 4.87
1973 901,300 4,867,850 1,581,855 3,285,995 5,401 2.96
1974 923,700 5,113,906 1,635,978 3,477,928 5,536 2.51

1975 943,500 5,334,755 1,676,438 3,658,317 5,654 2.13
1976 970,300 5,615,210 1,750,618 3,864,592 5,787 2.35
1977 992,300 5,831,610 1,779,314 4,052,296 5,877 1.55
1978 1,014,300 6,004,891 1,799,024 4,205,867 5,920 0.74
1979 1,042,700 6,197,426 1,851,457 4,345,969 5,944 0.40

1980 1,055,400 6,345,531 1,852,984 4,492,547 6,012 1.16
1981 r 1,062,600 6,424,016 1,855,837 4,568,179 6,046 0.55
1982 1,084,600 6,332,707 1,801,297 4,531,410 5,839 -3.42
1983 r 1,109,200 6,425,578 1,814,336 4,611,242 5,793 -0.78
1984 r 1,130,500 6,606,255 1,837,954 4,768,301 5,844 0.87

1985 r 1,137,800 6,635,158 1,879,027 4,756,131 5,832 -0.21
1986 1,167,500 7,025,739 1,959,447 5,066,292 6,018 3.19
1987 r 1,186,500 7,298,178 2,070,052 5,228,126 6,151 2.21
1988 r 1,200,400 7,719,029 2,148,275 5,570,754 6,430 4.54
1989 r 1,245,600 7,970,360 2,239,356 5,731,004 6,399 -0.49

1990 r 1,258,000 8,310,537 2,320,550 5,989,987 6,606 3.24
1991 r 1,277,600 8,524,088 2,390,253 6,133,835 6,672 1.00
1992 p 1,300,600 8,666,889 2,435,656 6,231,233 6,664 -0.12

r= revised de factopopulation; p=prelimirwry.
Source: Departmentof Business, Economic Development & Tourism records; Departmentof Commerce & Consumer Affairs records.
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Year Total Residential Other Total Residential Other Total Residential Other

1960 157,578 132,440 25,138 1,602,197 580,849 1,021,348 39,284 17,265 22,019
1961 162,452 136,788 25,664 1,766,031 624,730 1,141,301 42,137 18,153 23,984
1962 167,101 140,661 26,440 1,966,105 678,628 1,287,477 46,282 19,603 26,679
1963 171,832 144,638 27,194 2,077,571 730,317 1,347,254 48,499 20,733 27,766
1964 177,684 149,547 28,137 2,284,275 786,118 1,498,157 52,134 21,971 30,162

1965 183,723 154,822 28,901 2,445,025 853,086 1,591,939 55,472 23,519 31,953 ...... I'ft
1966 190,276 160,784 29,492 2,639,866 912,616 1,727,250 59,362 24,905 34,457 I'ft r-
1967 196,417 166,256 30,161 2,832,469 989,785 1,842,684 63,685 26,763 36,922 -I'ft
1968 202,167 171,346 30,821 3,109,256 1,083,233 2,026,023 69,599 29,034 40,565 CD""

:J> 1969 210,330 178,569 31,761 3,426,052 1,174,502 2,251,550 75,417 31,181 44,236 :::. ....
"ll ... ::::a
"ll 1970 219,003 186,282 32,721 3,758,094 1,270,732 2,487,362 84,097 34,068 50,028 -.-
\'11 "" ""2 1971 226,514 193,043 33,471 4,167,127 1,375,308 2,791,819 98,828 38,824 60,005 C-O 1972 236,309 201,903 34,406 4,562,568 1,493,840 3,068,728 109,212 42,560 66,653 ....->< 1973 246,255 210,740 35,515 4,867,850 1,581,855 3,285,995 126,453 48,674 77,780 ::'.-<
:J> -1974 255,901 219,633 36,268 5,113,906 1,635,978 3,477,928 151,188 57,145 94,043 ='"tI 1975 263,816 226,836 36,980 5,334,755 1,676,438 3,658,317 215,678 76,881 138,797 -. :I>

CDr-
1976 270,035 232,070 37,965 5,615,210 1,750,618 3,864,592 235,999 83,957 152,042 &It I'ft
1977 275,616 237,557 38,059 5,831,610 1,779,314 4,052,296 271,553 92,917 178,636 --- '"1978 284,064 244,863 39,201 6,004,891 1,799,024 4,205,867 313,722 105,846 207,876 :c1979 293,061 252,898 40,163 6,197,426 1,851,457 4,345,969 354,595 118,862 235,733 :I>
1980 301,544 260,358 41,186 6,345,531 1,852,984 4,492,547 459,251 146,397 312,854 :e
1981 305,927 265,042 40,885 6,424,016 1,855,837 4,568,179 699,031 214,584 484,447 :I>
1982 313,009 270,712 42,297 6,332,707 1,801,297 4,531,410 723,622 222,423 501,199 --1983 319,449 276,194 43,255 6,425,578 1,814,336 4,611,242 659,089 205,889 453,200 ••
1984 324,384 280,518 43,866 6,606,255 1,837,954 4,768,301 702,899 217,447 485,452 -1985 330,407 285,117 45,290 6,635,158 1,879,027 4,756,131 672,600 213,478 459,122 ....0
1986 337,563 291,222 46,341 7,025,739 1,959,447 5,066,292 562,344 182,110 380,234 0""
1987 347,086 299,758 47,328 7,298,178 2,070,052 5,228,126 602,835 195,277 407,558 0
1988 354,887 306,375 48,512 7,719,029 2,148,275 5,570,754 587,528 189,689 397,839 ..
1989 362,290 312,347 49,943 7,970,360 2,239,356 5,731,004 644,789 207,296 437,493 0

1990 370,952 320,215 50,737 8,310,537 2,320,550 5,989,987 749,845 238,103 511,742 -....01991 r 380,963 328,899 52,064 8,524,088 2,390,253 6,133,835 785,897 251,553 534,344
....01992 p 385,055 332,863 52,192 8,666,889 2,435,656 6,231,233 818,969 265,667 553,302
~

r= revised; p-preliminarp.
Source: Departmentof Business, EconomicDevelopment & Tourismrecords; Departmentof Commerce& ConsumerAffairsrecords.
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Year Total Residential Other Total Residential Other Total Residential Other Total Residential Other

1960 157,578 132,440 25,138 10,168 4,386 40,630 0.0245 0.0297 0.0216 0.0783 0.0950 0.0689
1961 162,452 136,788 25,664 10,871 4,567 44,471 0.0239 0.0291 0.0210 0.0743 0.0905 0.0655
1962 167,101 140,661 26,440 11 ,766 4,825 48,694 0.0235 0.0289 0.0207 0.0718 0.0881 0.0632
1963 171,832 144,638 27,194 12,091 5,049 49,542 0.0233 0.0284 0.0206 0.0697 0.0847 0.0615
1964 177,684 149,547 28,137 12,856 5,257 53,245 0.0228 0.0279 0.0201 0.0677 0.0829 0.0597

1965 183,723 154,822 28,901 13,308 5,510 55,082 0.0027 0.0276 0.0201 0.0660 0.0801 0.0583
1966 190,276 160,784 29,492 13,874 5,676 58,567 0.0225 0.0273 0.0199 0.0637 0.0773 0.0565 .....-- :c :t>1967 196,417 166,256 30,161 14,421 5,953 61,095 0.0225 0.0270 0.0200 0.0619 0.0745 0.0552 rn
1968 202,167 171,346 30,821 15,380 6,322 65,735 0.0224 0.0268 0.0200 0.0594 0.0711 0.0531 - :t> <
1969 210,330 178,569 31,761 16,289 6,577 70,890 0.0220 0.0265 0.0196 0.0559 0.0674 0.0499

(I) :e rn
'" :=a.... :t>1970 219,003 186,282 32,721 17,160 6,822 76,017 0.0224 0.0268 0.0201 0.0539 0.0646 0.0485 ... :t>1971 226,514 193,043 33,471 18,397 7,124 83,410 0.0237 0.0282 0.0215 0.0549 0.0653 0.0498 -. -'" - ~1972 236,309 201,903 34,406 19,308 7,399 89,192 0.0239 0.0285 0.0217 0.0537 0.0639 0.0487 ••

1973 246,255 210,740 35,515 19,768 7,506 92,524 0.0260 0.0308 0.0237 0.0557 0.0660 0.0508 c: rn
1974 255,901 219,633 36,268 19,984 7,449 95,895 0.0296 0.0349 0.0270 0.0574 0.0678 0.0525 .... ....- . ....0 =-=-- :e1975 263,816 223,836 36,980 20,221 7,391 98,927 0.0404 0.0459 0.0379 0.0718 0.0815 0.0674 -. 0-....1976 270,035 232,070 37,965 20,794 7,543 101,794 0.0420 0.0480 0.0393 0.0711 0.0811 0.0666 -. 0 =-1977 275,616 237,557 38,059 21,158 7,490 106,474 0.0466 0.0522 0.0411 0.0750 0.0841 0.0710 (I)

:J> 1978 284,064 244,863 39,201 21,139 7,347 107,290 0.0522 0.0588 0.0494 0.0781 0.0879 0.0739 '" -I c:'tl .......'tl 1979 293,061 252,898 40,163 21,147 7,321 108,208 0.0572 0.0642 0.0542 0.0770 0.0864 0.0730 0 '"111
2 1980 301,544 260,358 41,186 21,043 7,117 109,079 0.0724 0.0790 0.0696 0.0872 0.0952 0.0839 rnc ....- 1981 305,927 265,042 40,885 20,999 7,002 111,732 0.1088 0.1156 0.1060 0.1187 0.1261 0.1156 :t>><

....0:J> 1982 313,009 270,712 42,297 20,232 6,654 107,133 0.1143 0.1235 0.1106 0.1176 0.1270 0.1138 :z1983 319,449 276,194 43,255 20,115 6,569 106,606 0.1026 0.1135 0.0983 0.1033 0.1143 0.0990 ....0
1984 324,384 280,518 43,866 20,366 6,552 108,702 0.1064 0.1183 0.1018 0.1028 0.1143 0.0984 ~ 0
1985 330,407 285,117 45,290 20,082 6,590 105,015 0.1014 0.1136 0.0965 0.0949 0.1064 0.0904 :=a
1986 337,563 291,222 46,341 20,813 6,728 109,326 0.0800 0.0929 0.0751 0.0732 0.0850 0.0686 :t>1987 347,086 299,758 47,328 21,027 6,906 110,466 0.0826 0.0943 0.0780 0.0719 0.0821 0.0678 -I
1988 354,887 306,375 48,512 21,751 7,012 114,832 0.0761 0.0883 0.0714 0.0625 0.0726 0.0587 rn
1989 362,290 312,347 49,943 22,000 7,169 114,751 0.0809 0.0926 0.0763 0.0629 0.0719 0.0593 '"....
1990 370,952 320,215 50,737 22,403 7,247 118,060 0.0902 0.1026 0.0854 0.0653 0.0743 0.0619
1991 r 380,963 328,899 52,064 22,375 7,267 117,813 0.0922 0.1052 0.0871 0.0623 0.0711 0.0589
1992 p 385,055 332,863 52,192 22,508 7,317 119,391 0.0945 0.1091 0.0888 0.0609 0.0703 0.0573

r= revised; p-preliminaru.
iu ConsumerPrice Index (CP1-U) forHon~ulu; 1982-1984 average=100.
Source: DepartmentofBusiness, EconomicDevelopment & Tourism records; Departmentof Commerce & ConsumerAffairsrecords.



DESCRIPTION
GENERAL CAPITAL
FUNDS IMPROVEMENTS

OIL OVERCHARGE FUND
Exxxon Stripper Total

FEDERAL
APPROPRIATION PRIVATE TOTALS

ALTERNATE TECHNOLOGIES/RESOURCES

Geothermal 138,500 0 138,500

Solar Photovoltaics 943 943 943

Solar Thermal 3,036 0 3,036

Biomass 85,000 0 85,000

Pumped Storage Hydro 20,000 0 20,000
..., - ~-. C
'"Seawater Conditioning 25,000 0 25,000 ... = z:Ct ron

C ~-;:. -t
J>

I ::::aTotal-Alternate Technologies: 271,536 0 943 0 943 0 0 272,479 Ct ron
'tl ""'I ::I
'tl C'D ~I'll ron ""'I

Z ::I (Ct -<Ct.. "<C CONSERVATION -.
><

::I 0
(Ct _.

to "- < ."_.
Buildings 247,304 416,264 663,568 167,767 167,767 999,102 c: '"::I

_. ::::a0
Transportation 5,000 85,655 264,000 349,655 13,250 367,905 C'D ::I

Education 14,800 625,314 305,065 930,379 64,064 1,009,246 w "'tJ 0
0 ""'I

~Commercial/Industrial '" 018,000 18,000 18,000
_ (Ct

Integrated Resource Planning and ..0""'1 ::::a..oCt
Demand-side Management 448,306 448,306 448,306 W 3 :I>- =c: ==Ct..

Total- Energy Conservation 19,800 0 1,424,579 985,329 2,409,908 245,084 167,767· 2,842,559 (Ct
C'D- ""1"'1
er- e"<

ENERGY PLANNING -t z:C'D...
::r
~::I

Strategic Energy Planning 75,000 75,000 750,000 825,000 0 -
Energy Emergency Planning 250,000 75,500 75,500 325,000 0 z:(Ct

Regional Petroleum Reserve 25,000 25,000 25,000 "<- ~0
""'I

Total - Energy Planning 250,000 0 175,500 0 175,500 750,000 0 1,175,500 -::r
C'D

2B.AND TOTALS 541,336 0 1,601,022 985,329 2,586,351 995,084 167,767 4,290,538

Data Source: State of Hawaii, DBEDT-Energy Division, 1993.



HYD R0 ELECTR I C POW ER
PLA NTS I N HAWA I I • 1 9 9 2•

Gross Annual
MW Generation OilEquiv."

Island Location Stream Capacity (MWh) (1000 Bbl) Owner

HAWAII Hilo Wailuku 1.50 5.73 9.55 HELCO Puueo

Hilo Wailuku 0.80 1.97 3.28 HELCO Puueo

Hilo Wailuku 0.80 2.05 3042 HELCOWaiau

Hila Wailuku 0040 0.24 0040 HELCOWaiau

Hilo Ainako 0.01 0.01 0.02 Wenco Energy

Hawi Kohalo Ditch 0.20 0.97 1.62 Hawi Ag & Energy

Waimea Waimea/

Waikaloa Pipeline 0.04 0.06 0.10 Hawaii County

Haina Hamakua Ditch 0.80 1.67 2.78 Harnakua Sugar

** Hilo Wailuku 12.00 ** ** Wailuku River

Hydro Power

*** Waimea Kahua *** *** *** Kahua Ranch

Island Total: 16.55 12.70 21.17

KAVAI Waimea Waimea 1.00 4.33 7.22 Kekaha Sugar

Waiawa Kekaha Ditch 0.50 1.13 1.88 Kekaha Sugar

Lihue Wailua Ditch 0.60 0.85 1.42 Lihue Plantation

Lihue Wailua Ditch 0.80 1.70 2.83 Lihue Plantation

North Wainiha 3.70 18.73 31.22 McBryde Sugar

Kalaheo Alexander Res. 1.00 2047 4.12 McBryde Sugar

Kaumakani Makawili 1.30 3.97 6.62 Olokele Sugar

Island Total: 8.90 33.18 55.31

MAUl Kaheka Wailoa Ditch 4.50 15045 25.75 HC&S

Paia Wailoa Ditch 0.90 4.27 7.12 HC&S

Hamakua Wailoa Ditch 0040 0.61 1.02 HC&S

Lahaina Kauula'" 0040 0.00 0.00 Pioneer Mill Co., Ltd.

Island Total: 6.20 20.33 33.89

STATE TOTAL 31.65 66.21 110.37

* Oil equivalent based on 600 kWh per barrel of oil. Totals are rounded.

** Facility dedicated on July 30, 1993, but began providing electricity to HELCO in May 1993.

*** Research facility.

III Out of service during 1992 and 1993.

ApPENDIX C



WIN D FA RM POW ER IN
HAWAII: 1 992

Total Gross Annual
No.of Capacity Capacity Generation OilEquiv.

Island Location Units Model Each kW MW MWh 1000Bbl Owner

HAWAII Kahua Ranch 18/1 Jacobs 17.5/10.0 0.3 0.21 0.35 Kahua

Kahua Ranch 3 Carter 25.0 0.1 0.05 0.08 Kahua/PICHTR

Lalamilo 75 Jacobs 20.0 1.5 2.93 4.88 HEI

Lalamilo 35 Jacobs 17.0 0.6 1.44 2.40 HEI

South Point 37 Mitsubishi 250.0 9.3 13.29 22.15 Kamoa Wind

Energy Partners

0.01 0.02 Independents+

Island Total: 169 11.8 17.93 29.88

MOLOKAI Moomomi 3 Vestas 100.0 0.3 0.69 1.15 Zond Pacific

Island total: 3 0.3 0.69 1.15

OAHU Kahuku* 13 Westinghouse 600.0 7.8 2.93 4.88 Makani Uwila

Kahuku* 1 MOD-5B 3,200.0 3.2 2.16 3.60 Makani Uwila

Island Total: 14 11.0 5.09 8.48

STATE TOTAL 186 23.1 23.71 39.51

*

+

The HERS Makani Moae wind farm in Kahuku, Oahu, was closed by HERS parent company HEI in October

1992. HERS was purchased in April 1993 by New World Power Corp., which renamed it Makani Uwila Power

Corp., resumed operation of the wind farm, and resumed providing electricity to HECO.

There are approximately 10 small privately owned wind generators selling power to HELCo. The generators

vary in size from 10 kW-27 kW.

Gross generation is approximate for calendar year 1992 and will vary with annual wind conditions.

Oil equivalent based on 600 kWh per barrel of oil. Totals are rounded.
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The following legislation on energy-related subjects was signed into law by the Governor in 1993.
Material presented here represents summarized information; for complete details refer to full copies
of the Acts.

Act 15 RELATING TO SOLAR ENERGY. Amends energy resources law to define townhouse to mean a series of indi

vidual houses, having architectural unity and a common wall between each unit. (Hawaii Revised Statutes

(HRS) sections affected: 196-2.) Effective date: April 13, 1993.

Act 29 RELATING TO THE PUBLIC UTILITIES COMMISSION. Amends Act 130, Session Laws of Hawaii, which

allows the rate payable by a public utility for energy purchased from a non-fossil fuel producer to temporarily

exceed the rate approved or prescribed by the Public Utilities Commission under specified conditions, by extend

ing the relief until 1994. (HRS sections affected: Act 130-1992.) Effective date: April 15, 1993.

Act 47 RELATING TO THE AUTHORIZATION OF SPECIAL PURPOSE REVENUE BONDS FOR ENERGY

DEVELOPMENT. Authorizes issuance of special purpose revenue bonds to assist Wailuku River Hydroelectric

Power Company, Inc., or a partnership in which it is a general partner, for the establishment of a hydroelectric

power plant and related facilities. The electrical output shall be made available to the general public through sale

to Hawaii Electric Light Company, Inc. (HRS sections affected: None.) Effective date: April 26, 1993.

Act 93 RELATING TO INCOME TAX CREDITS FOR ENERGY CONSERVATION. Changes the provisions for

income tax credit for solar energy systems and heat pumps by providing that the licensed professional engineer

review the design and provide a written opinion. (HRS sections affected: 235-12.) Effective date: May 7,1993.

Act 246 RELATING TO THE ISSUANCE OF SPECIAL PURPOSE REVENUE BONDS TO ASSIST UTILITIES

SERVING THE GENERAL PUBLIC. Authorizes issuance of special purpose revenue bonds to finance capital

improvement programs for the local furnishing of electric energy by Kauai Electric Division of Citizens Utilities

Company. Requires approval by the Public Utilities Commission and requires the commission to report annually

to the legislature on the progress of reducing financing cost of electric utilities. (HRS sections affected: None.)

Effective date: June 18, 1993.

Act252 RELATING TO THE NATURAL ENERGY LABORATORY OF HAWAII AUTHORITY. Amends provi

sions relating to the Natural Energy Laboratory of Hawaii Authority. Defines research and technology park to

include that the land be suitable to support the utilization of natural resources and education related functions.

Amends the provision relating to the purpose of the authority to include that the authority shall facilitate

research, development and commercialization of natural energy resources in Hawaii; create an environment that

supports natural resources utilization and results in economic development; develop programs that support pro

jects and companies which locate at the research and technology parks. Provides that all grants and gifts from

tenants or other users of the authority's parks, projects and other leased facilities, services and publications, are to

be deposited in the Natural Energy Laboratory of Hawaii Authority special fund. Amends the uses of the fund to

include the design and construction of new facilities and the renovation of or addition of existing facilities.

(HRS sections affected: 2270-1,2270-2,2270-3,2270-5.) Effective date: June 18, 1993.

Act 263 RELATING TO THE ISSUANCE OF SPECIAL PURPOSE REVENUE BONDS TO ASSIST INDUSTRIAL

ENTERPRISES. Authorizes issuance of special purpose revenue bonds to assist Hui Enekinia Hawaii for the

establishment of a cogeneration facility and related water production facilities. Requires electrical output of

plant and facilities to be made available to the general public by sale to Hawaii Electric Light Company, Inc.,

and the water and thermal fluids output to be made available for sale to existing and planned manufacturing and

processing entrepreneurs in the area. (HRS sections affected: None.) Effective date: June 18, 1993.
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Act337 RELATING TO STATEWIDE ELECTRIC AND TELEPHONE RATE INCREASES TO ASSIST KAUAI'S

ELECTRIC AND TELEPHONE RATEPAYERS. Allows any utility that sustains damage to its facilities as a

result of a state declared emergency, including disaster relief and civil defense emergencies, and incurs cost relat

ed to the restoration and repair of its facilities, that if assessed only to the utility ratepayers of the affected utility

service territory, result in a rate increase of more than 15 percent to the average ratepayer, to apply to the Public

Utilities Commission to recover the costs through a monthly surcharge to be assessed on a statewide basis and to

be based on net restoration costs and repair costs. Prohibits the surcharge to result in an assessment of more than

15 percent to the average ratepayer in each of the other utility service territories and requires the Public Utilities

Commission to exclude ratepayers in territories with rates which may be substantially higher than other utility

service territories in the State. Requires application to be made by the utility. Surcharge to be assessed over a

period determined by the commission, not to exceed 10 years. Requires outside sources of recovery, including

grants from Federal or State sources to be used to offset any repair and restoration costs. Provides a public service

company tax exemption, public utilities franchise tax exemption, and income tax exemption for the amounts

received form the monthly surcharge. Act shall apply to qualifying restoration and repair cost incurred on or

after September 11, 1992, as a result of damage inflicted by Hurricane Iniki. (HRS sections affected: 239

(l Section), 240- (l Section), 269- (l Section), 235-7.) Effective date: July 1, 1993.
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DBEDT - ENERGY DIVISION
1993 PUBLICATIONS

• STATE ENERGY RESOURCES COORDINATOR'S ANNUAL REPORT, 1992

• 1993 HAWAII ENERGY TIDE CALENDAR

• HAWAII MODEL ENERGY CODE: OVERVIEW, JANUARY 1993

• HAWAII MODEL ENERGY CODE: ENERGY EFFICIENCY STANDARD FOR BUILDINGS,

OCTOBER 1992

• HAWAII MODEL ENERGY CODE: IMPACT ANALYSIS, DECEMBER 1992

• HAWAII MODEL ENERGY CODE: ApPLICATION MANUAL, NOVEMBER 1992

• SOLAR ELECTRIC GENERATING SYSTEM (SEGS) ASSESSMENT FOR HAWAII: FINAL

REPORT, DECEMBER 1992

• REPORT ON SUPPLEMENTAL AGREEMENT No.3 AGREEMENT FOR A

DEMONSTRATION OF A PUMPED STORAGE HYDRO FACILITY AT THE HNEI/KAHUA

WIND ENERGY STORAGE TEST FACILITY: FINAL REPORT, MARCH 1993

• POWER TREK '93 (THE PACIFIC REGION ENERGy/ENVIRONMENTAL LEADERSHIP

TRAINING CONFERENCE) MEMORIES BOOK, AUGUST 1993

• PROCEEDING OF THE HAWAII ENERGY STRATEGY, OCTOBER 1992

• HAWAII ENERGY STRATEGY PROGRAM GUIDE: REVISED, MARCH 1993

• REPORT TO THE SEVENTEENTH STATE LEGISLATURE IN RESPONSE TO HOUSE

CONCURRENT RESOLUTION No. 283 TO STUDY THE IMPACT OF STATE AND

FEDERAL OIL CARRIER LIABILITY LEGISLATION ON INTERISLAND SHIPMENT OF OIL,

DECEMBER 1992
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ACRONYMS

BCI Barakat & Chamberlin, Inc. KCC Kauai Community College

bid Bartels Per Day kW Kilowatt

Btu British Thermal Unit kWh Kilowatt Hour

CIS Commonwealth of Independent States LIHEAP Low Income HomeEnergy Assistance Program

DBEDT Hawaii Department of Business, Economic LP Linear Program

Development & Tourism
LPG Liquefied Petroleum Gas (propane)

DEduc Hawaii Department of Education
LUZ LUZ International

Hawaii Department of HealthDOH
MTBE Methyl Tertiary Butyl Ether

DOT Hawaii Department of Transportation
MUPC Makani Uwila Power Corporation

DSM Demand-side Management
MW Megawatt

EEP Energy Emergency Preparedness
MWh Megawatt Hour

EES Energy Extension Service
NEED National Energy Education Development

EIS Environmental Impact Statement Project

EPA United States Environmental Protection NELHA Natural Energy Laboratory of Hawaii

Agency Authority

ERC Energy Resources Coordinator NEOS NEOS Corporation

ETBE Ethyl Tertiary Butyl Ether OPEC Organization of Petroleum Exporting

EWC East-West Center, Universityof Hawaii
Countries

FEMA Federal Emergency Management Agency
OTEC Ocean Thermal Energy Conversion

HBL Hawaii Bicycling League
PGV Puna Geothermal Venture

HC&S Hawaiian Commercial & Sugar Company
PICHTR Pacific International Center for High

Technology Research
HECO Hawaiian Electric Company

PSA Public Service Announcement
HEES Hawaii Energy Extension Service

PUC Public Utilities Commission
HEPIM Hawaii Energy Policy Integration Model

PV Photovoltaics
HELCO Hawaii Electric Light Company

RAH Recycling Association of Hawaii
HERS Hawaiian Electric Renewable Systems

REST Renewable Energy Storage Test Facility
HES Hawaii Energy Strategy

RLA R. Lynette & Associates
HFDC Housing Finance and Development

SECP State Energy Conservation Program
Corporation

HHA Hawaii Housing Authority
SEGS Solar Electric Generating System

HmERS Home Energy Rating System
SSI Systematic Solutions, Inc.

HNEI Hawaii Natural Energy Institute
UH University of Hawaii

HSPA Hawaiian Sugar Planters' Association
U.S. DOE United States Department of Energy

HTDC High Technology Development Corporation
U.S. DOT United States Department of Transportation

ICP Institutional Conservation Program
WAP Weatherization Assistance Program

IRP Integrated Resource Planning
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ELECTRICITY

WATT = Basic unit of electric power.

o F MEASUREMENTS

1 WATT = Rate of energy transfer equivalent to 1 ampere flowing under the potential of 1 volt witha powerfactor of

100 percent.

KILOWATT (kW) = 1,000 watts.

KILOWATT HOUR (kWh) = Amount of energy consumed or produced in 1 hourat a rateof 1,000 watts.

MEGAWATT (MW) = A unit of powerequal to 1,000 kW.

MEGAWATT HOUR (MWh) = 1,000 kW consumed or produced for 1 hour.

GIGAWATT (GW) = A unit of powerequal to 1,000 MW.

GIGAWATT.HOUR (GWh) = 1,000 MW consumed or produced for 1 hour.

NATURAL GAS

Btu (British thermal unit) =A standard unit for measuring a quantity of heatenergy, either electricity, naturalgas or

any othersource of energy.

1 Btu = Amount of heat required to raise the temperature of 1 poundof water 1 degree Fahrenheit at sea level.

(3412.7 Btu =1 kWh, and 1 Btu =0.00001 therms)

1 therm = 100,000 Btu. Natural gas is sold to ultimate customers by energy content (therms).

MCF = 1,000 cubic feet. Natural gas is measured by volume (MCF) in producer pipeline transactions.

1 MCF =Energy content of approximately 1,050,000 Btu or 10.5 therms.

GIL

1 Barrel =42 U.S. gallons, or 5.6 cu. feet, or 159 liters, or approximately 6,000,000 Btu.
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