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NOTICE

NOTICE

Throughout this document, statements are made in the form of suggestions or
recommendations that grow out of the analysis. These conclusions represent the
views of the consultant and do not necessarily coincide with the position of this
Department, other government agencies, or the Administration.

Neither the State of Hawaii nor any agency thereof, nor any of their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or that its use would not infringe privately owned rights. Reference
herein to any specific commercial entity, product, process, or service by trade name,
trademark, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation or favoring by the Government of the State of Hawaii or any agency
thereof.
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SYNOPSIS

The objective of this study is to provide technical information and analysis to assist investors and decision-makers in
evaluating the potential for the near-term production of ethanol in Hawaii. This is a "pre-feasibility" study designed to
provide guidance as to whether or not a full-scale feasibility study is warranted.

WHY THE INTEREST IN ETHANOL?
There are several reasons for current public and private interest in the production of ethanol in Hawaii, such as:
* Interest in establishing a new industry;

* Interest in development and use of locally-produced, renewable fuels, and reduction of demand for imported
petroleum;

* Interest in the use of locally-available agricultural materials, thereby providing additional markets for
agricultural products and benefiting local farmers; and

* Interest in diverting organically-based municipal solid waste materials to higher value uses;

* Interest in reducing negative impacts on the environment; and

* Interest in the attraction of private-sector and government investment in biomass energy projects in Hawaii.
TECHNICAL BACKGROUND

A number of private sector companies interested in establishing ethanol production facilities in Hawaii have re-
stimulated a local interest in the economic feasibility of ethanol production. Experts in the field have stated that “over
the past ten years, efficiencies have improved and costs have decreased to the point that an ethanol plant built today
may cost as little as a third as much (in constant dollars) as a comparably sized ethanol plant built ten or fifteen years
ago.”1

Also leading to increased levels of interest are statements such as, “during the last two to three years there has been
more progress in the technology for the conversion of lignocellulosic materials to ethanol than in the previous twenty
years.”2 The technical progress has been accompanied by commensurate economic improvement. Simple
extrapolation of the results of earlier studies could not capture the effects of these technological improvements on the
economics of ethanol production in Hawaii.

SELECTION OF BIOMASS FEEDSTOCKS

Historically, production of ethanol was limited to using sources of sugar that were available in soluble forms, such as
sugar (sucrose), molasses from sugar cane, or fructose from the corn plant. Since these soluble sugars are edible, their
relative value tends to be higher than for the rest of the plant (leaves, stalks, etc.) which is inedible and usually has a
much lower value. In many cases, the inedible portions of the plants are considered to be waste materials.

New technologies allow for the production of ethanol from agricultural by-products such as corn stover, bagasse, yard
and wood waste, etc. This is very significant: for example, where one acre of sugarcane produces about ten tons of

1 statement made by an engineer who has been building ethanol plants for over twenty years. He was referring to corn-based ethanal;
however, many of the cost reductions and efficiency improvements would be valid for non-corn-based ethanol as well.
2 Ppersonal communication, Mark Carver, Arkenol.
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edible sugar and three tons of molasses, it also produces (in the form of leaves and stalks) an additional twenty to
twenty-five tons of non-edible materials. It is also possible to produce ethanol from energy grasses or tree crops.

Starting with a list of twenty crops and sources of biomass in Hawaii, a short list of feedstocks was developed. The
most promising crops were sugarcane, leucaena, eucalyptus, napier grass, and sweet sorghum. Waste paper and green
waste were also identified as potentially promising feedstocks for ethanol production.

TECHNOLOGY EVALUATION

There are several steps in the process of converting biomass to ethanol, and many options available at each step. (For
example, at a pre-treatment step, options may include cutting, grinding, or shredding.) Each of these steps, and
potential technologies available at each step, were identified.

PROCESS COMPARISON

A combination of direct inquiry and literature review was used to compare capital and operating costs of a variety of
technologies in addition to traditional fermentation for the production of ethanol. The seven different systems
evaluated were felt to be representative of the range of technologies. These technologies should not be construed to be
specifically representative of any one company or developer. The following seven representative approaches were
evaluated:

1) Simultaneous saccharification and fermentation;

2) Concentrated acid hydrolysis, neutralization and fermentation;
3) Ammonia disruption, hydrolysis and fermentation;

4) Steam disruption, hydrolysis and fermentation;

5) Acid disruption and transgenic microorganism fermentation;

6) Concentrated acid hydrolysis, acid recycle and fermentation; and

7) Acidified acetone extraction, hydrolysis and fermentation.

These processes were evaluated for their potential to process the entire biomass feedstock to ethanol. Due to the
proprietary nature of many of the approaches evaluated, in many cases it was necessary to rely on estimates made by
owners of the technologies.

Due to the nature of this study, it was necessary to rely on claims made by those most familiar with the various
technologies. In most cases, these individuals were the developers of the technologies and the owners of the patent
rights, and therefore may have been somewhat biased in their claims; it should be expected that some individuals may
have been more conservative in their projections, and others may have been more optimistic.

Estimated capital costs for plants producing 25 million gallons of ethanol per year ranged from 30 to 130 million
dollars. At this scale, ethanol production costs ranged from less than $1.00 per gallon to almost $3.00 per gallon,
depending on the technology and cost assumed for the feedstock.

These analyses were not site-specific, and significant differences would be expected for different sites, feedstocks,
financing costs, labor costs, and so forth. Costs discussed in this report should be viewed as first-cut estimates only.

Since the level of uncertainty associated with the analyses may be greater than the apparent differences between the
technologies, it is not clear from this analysis what process is the “best.”

All technologies evaluated displayed innovations which, if combined in one integrated system, might out-perform any
one individual approach. A detailed analysis of each step indicated that additional technical innovations were
possible. Although this study did not evaluate the impact of processing the by-products of the system to the most
valuable market forms, several options were identified for possible further development.
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SUMMARY OF RESULTS

As shown in the following table, the projected cost of ethanol produced from a variety of feedstocks and processes
ranges from $0.94 per gallon to over $3.00 per gallon.

ETHANOL FEEDSTOCK AND PRODUCTION COSTS

BIOMASS MATERIAL $/gallon for $/gallon for $/gallon $/gallon Total Total
feedstock cost |feedstock cost| processing processing $ pergallon | $ pergallon
alone (high |alone (low end| cost (high end | cost (low end | (high end of (low end of
end of range) of range) of range) of range) range) range)
Bagasse $0.84 $0.44 $1.66 $0.94 $2.49 $1.38
Molasses $0.49 $0.49 $1.02 $0.52 $1.51 $1.01
Prepared cane $1.11 $0.59 $1.66 $0.94 $2.76 $1.53
Leafy tops and cane $0.52 $0.28 $1.66 $0.94 $2.18 $1.22
trash
Unburned sugarcane $1.01 $0.54 $1.66 $0.94 $2.67 $1.48
Sugarcane varieties $0.93 $0.49 $1.66 $0.94 $2.59 $1.44
Napier Grass $1.45 $0.77 $1.66 $0.94 $3.10 $1.71
Sweet Sorghum $0.85 $0.45 $1.66 $0.94 $2.50 $1.39
Eucalyptus $1.38 $0.74 $1.66 $0.94 $3.04 $1.68
Leucaena $1.99 $1.06 $1.66 $0.94 $3.65 $2.00
Newspaper $0.14 $0.05 $1.66 $0.94 $1.79 $0.99
Municipal Solid Waste $0.42 $0.00 $1.66 $0.94 $2.07 $0.94
Assuming 25 million gallon-per-year ethanol production facility
GENERAL CONCLUSIONS

In spite of the previously-described uncertainties, variations in levels of optimism, etc., the analyses resulted in similar
cost projections. This similarity lends a degree of confidence that, as the technologies mature, ethanol production costs
in Hawaii will fall within this range.

Results indicate that there may be potential to establish an ethanol production industry in Hawaii. The projected
ethanol production costs for some cases appeared to be in the general range of expected market prices, although site-,
process-, and feedstock- specific analyses would have to be carried out before definitive conclusions could be reached
with respect to price.

RECOMMENDATIONS

Hawaii's high biomass yields, near total dependence on imported fuels for energy, state policy encouraging energy self-
sufficiency, strong agricultural base, desire for economic diversification and apparent feasibility of a biomass-to-ethanol
industry in Hawaii are strong reasons for Hawaii to continue its efforts on behalf of ethanol.

Site- and technology-specific evaluations of the production of ethanol in Hawaii could provide the information
necessary to justify investment in ethanol production facilities. Construction of pre-commercial facilities could provide
operational data as well as develop local expertise. Working with private sector investors and federal laboratories to
demonstrate the commercial-scale conversion of cellulosic materials to ethanol may result in accomplishment of several
of the objectives listed above, with a minimum level of risk to the state.

Development of a market for the product would provide the link between the point at which the technical and economic
feasibility of the projects have been proven and the plant(s) are built.
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I. INTRODUCTION & BACKGROUND

A. WHY ETHANOL FOR HAWAII?

There are several reasons for current public and private interest and support for the production of ethanol in Hawaii.
For example:

* It might be possible to establish a local industry to substitute for some portion of the approximately 50 million
barrels of petroleum that we currently import each year to meet our energy needs.

For example, the use of ethanol in a 10% blend with gasoline is being done nation-wide (in forty-four other
states), and all auto makers approve the use of properly blended ethanol fuels in their vehicles.

Also, the National Energy Policy Act of 1992 requires the purchase of alternatively-fueled vehicles by
Federal, state, and other fleets. Ethanol qualifies as an alternative fuel.

* If the economics were favorable, producing ethanol might provide a basis for establishing alternative uses for
agriculture lands that are coming out of production and may generate new sources of employment in the
agriculture sector.

* If the economics did not support production of ethanol as a single output, ethanol production might be a viable
co-product with other agricultural-based products such as sugar, fiberboard, or diversified agriculture.

¢ It might be possible to use a significant amount of the material in municipal solid waste to produce ethanol,
thereby reducing the flow of material to the landfill and providing a low cost source of feedstock for ethanol
production.

* Ethanol production from local feedstocks may offer an opportunity to develop new businesses and provide some
economic diversification in rural areas.

B. HISTORICAL PERSPECTIVE

There has been a continuing interest in ethanol production in the State of Hawaii since the turn of the century,
specifically with regard to the production of ethanol from sugar cane molasses. Numerous studies have been
completed on the economic feasibility of producing ethanol in Hawaii; this interest is not new. For example, the
following is contained in an abstract of research in Hawaii from 1930-1952:

“Experiments on the use of anhydrous ethyl alcohol blended with gasoline for motor fuel have
corroborated those reported in the literature, viz., that 10 per cent alcohol in gasoline can be used in any
modern automobile engine with no appreciable change in power, efficiency and economy, but with a
distinct benefit in its prevention of ‘knocking.” ” - A. R. Lamb, 1936

“Studies now in progress on products which can be made from waste molasses indicate that several
possibilities are worthy of further explanation. One which fits remarkably well into present conditions is
the manufacture of anhydrous alcohol to be used in blending motor fuel.” - A. R. Lamb, 1935

The energy crises of the 1970s stimulated a resurgence of interest in ethanol production. Substantial subsidies and tax
benefits for producing the product were available, beginning with the Energy Tax Act of 1978. In 1980, both Pacific
Resources, Incorporated (owner of Hawaii Independent Refinery, Inc.) and C. Brewer and Company proposed full-scale
feasibility studies on the production of ethanol from molasses. The C. Brewer and Company study was funded and
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completed but the facility was never constructed.3 In 1985, an ethanol-from-molasses facility was constructed at

Campbell Industrial Park on Oahu. The facility was poorly designed? and ran into several major problems before it
was finally closed down and the equipment was auctioned off.

The only remaining ethanol production facility in the state is a one-million-gallon-per-year facility at the Hawaiian
Commercial and Sugar Company (HC&S) on Maui. This facility, built by Seagram's in the mid-1960s for the production

of rum, has not been operational since 1985.5
C. RENEWED INTEREST

A number of private sector companies interested in establishing ethanol production facilities in Hawaii have re-
stimulated a local interest in the economic feasibility of ethanol production (2, 6,7, 8, 9, 10, 11). Each of these
companies has something new to offer Hawaii by way of experience, process, or technology.

Economic feasibility studies reflect the technologies and feedstocks available at the time they are completed. While the
earlier studies mentioned above provide a valuable base of knowledge, they do not necessarily represent a
comprehensive comparison of current “state of the art” options.

For example, several experts in the field have stated that “over the past ten years, efficiencies have improved and costs
have decreased to the point that an ethanol plant built today may cost as little as a third as much (in constant dollars)
as a comparably sized ethanol plant built ten or fifteen years ago.”® Also leading to increased levels of interest are
statements that “during the last two to three years there has been more progress in the technology for the conversion of
lignocellulosic materials to ethanol than in the previous twenty years.”

The technical progress has been accompanied by economic improvement; several specific problems that heretofore were
impediments to the profitable production of ethanol and its use as a transportation fuel have been solved; much
progress has been made by government, universities, and the private sector in advancing the technology for
hydrolyzing biomass to sugars fermentable to ethanol. Therefore, an evaluation of the appropriateness of the
commercial processes to the Hawaii situation was felt to be essential to determine the current economic feasibility of
ethanol production.

D. SCOPE OF THIS STUDY
This is the final report to the State of Hawaii, Department of Business, Economic Development & Tourism, under a

contract for the evaluation of Optimal Processes, Feedstocks and Current Economic Feasibility of Fuel Grade Ethanol
Production in Hawaii.

As stated in the request for proposals (RFP), the objective of this study is the:

“--evaluation of the feasibility of local production of ethanol for use as an alternative transportation fuel.
The purpose of this RFP is to select a consultant to provide professional, technical, and research services
in support of the State’s efforts to develop local alternative fuel production capabilities.”

The RFP pointed out that:

3 Accordi ng to aC. Brewer pressrelease, "We have put agreat deal of time, effort and expense into ethanol ... but we cannot invest $15
million in capital to produce a product we cannot be assured of marketing within the Hawaiian market as we have no gasoline stations of
our own."

Personal communication, R. L. Bibb Swain, P.E., president, DeltaT Corporation, March 25, 1992.

Personal communication, Diane Shigeta, Alexander and Baldwin, 1990.

Statement made by an engineer who has been building ethanol plants for over twenty years. He was referring to corn-based ethanal;
however, many of the cost reductions and efficiency improvements would be valid for non-corn-based ethanol as well.
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“Hawaii is dependent on petroleum for ninety percent of its energy needs. In the transportation fuels sector this
dependence is even greater. Hawaii currently imports 100% of its transportation fuels. The transportation
sector is the largest energy-consuming sector in Hawaii, accounting for about three-fifths of total petroleum
demand in 1990.

“Hawaii’s energy security would be improved by diversifying the fuels used for transportation and reducing
dependency on imported fossil fuels. Local production of transportation