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A. MARKETS FOR ETHAN OL FUEL

1. As a blending agent (10%) with gasoline
a. Market:

382 million gallons of gasoline were sold in the state in 1992, A 10% blend with all gasoline would
require about 38 million gallons per year.

b. Competition:

1) Locally-available gasolines; and 2) Ethanol from out of state
1) Locally-available gasolines

$ 0.85 rack price (approximately)

+0.09 retail overhead
+ 0.184 Federa] tax
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+0.325 State and County fuel tax (Honolulu rate)
+ 0.039 State 4% tax
=$+1.49 retail gasoline price per galion 1

Gasohol to compete with loca] gasoline:

$ 0.788 for 0.9 gallon $0.875 (unleaded regular + 2.5¢ ) gasoline

+0.163 for 0.1 gallons ethanol (this is the maximum possible, which will still result in the samie
"bottom line" price to the consumer)

+0.09 retail overhead

+0.130 Federal fhel tax

- 0.01 Federal small producer credit (for facilities of less than 30 million gallons per year; credit
applies only to the first 15 million gallons)

*+0.004 Federal income tax on credits

*+0.325 State and County (Honoluly rate) fuel tax

+0.00 4% State excise tax (gasohol is exempt)

=% 1.49 retail gasohol price per gallon

(Ethanol would have to be produced for less than $1.63 per gallon.)

2) Ethanol from out of state:

$1.10 - $1.40 per gallon (approximate 5-year range);

+0.10 to $0.20 shipping from West Coast to Hawaii (assumes parcel tanker shipments, includes
terminal costs in Hawaii, does not include terminalling costs on the West Coast)

=$ 1.20 to $1.60 per ethanol gallon for Hawajj ethanol to compete with ethanol from out of state.
(Ethanol would have to be produced for less than $1.30 per gallon.)

¢. Incentives:
5.4¢/fuel gallon Federal excise tax (fuel tax) partial exemption (See federal fuel tax amounts listed
above: gasoline, $0.184 per gallon; - gasohol, $0.130 per gallon; = partial exemption for gasohol,

30.054 per gallon); 10¢/ethanol gallon small producer F ederal income tax credit (minus a percentage
because credit is taxable)

2.Asa blending agent (10%) in unleaded mid-grade and premium gasoline

a, Market:

About forty-two percent of the gasolines sold in Hawaii in 1992 were mid-grade and premium
blends. A 10% blend with all mid-grade and premium gasolines would require about 17 million
gallons of ethano] per year.

b. Competition:

1) Locally-avajlable mid-grade and Premium gasoline; and 2) Ethanol from out of state

1) Locaily-available mid-grade and premium gasolines

$ 0.89 rack price (approximate)

+0.10 retail overhead
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+0.184 Federal tax

+ 0.325 State and County (Honolulu rate) fuel tax

+0.041 State 4% tax 1 1
=$ 1.54 retail gasoline price per gallon

Maximum allowable cost of ethanol to compete with mid-grade and premium gasolines:

$ 0.788 for 0.9 galion $0.875 (unleaded regular + 2.5¢) gasoline

+0.204 for 0.1 gallons ethano] at $2.04 per gallon

+ 0.10 retail overhead

+ 0.130 Federal fuel tax

- 0.01 Federal small producer credit (for facilities of less than 30 million gallons per year; credit
applies only to the first 15 million gallons)
*+0.004 Federal income tax on credits

+0.325 State and County (Honolulu rate) fuel tax
+0.00 4% State excise tax (gasohol is exempt) T

=$ 1.54 retail gasohol price per gallon (Ethanol would have to be produced for less than $2.04 per
gallon.) .

-

2) Ethanol from out of State:
Same as 1.b. above,
¢. Tax incentives:

Same as 1.c. above,
3. For use in light-duty flexible-fueled vehicles (FFV)

Most major auto manufacturers have designed special “flexible-fuel vehicles" which are capable of
operating on mixtures of 85%, alcohol and 15% gasoline. A mixture of 85% ethanol and 15%
gasoline is known as "E85" and is considered an alternative fuel. The Federal government has
identified increased use of alternative fuels ag 3 means to meet national energy security, economic,
and environmental goals in both the Clean Ajr Act Amendments of 1990 and the National Energy
Policy Act of 1992 (EPACT). As described in a Congressional Research Service Issye Brief,

"The Energy Policy Act of 1992 sets a national goal of 30% penctration of nonpetroleum fuels
in the light- duty vehicle market by 2010 and requires that, in sequence, the F ederal
government, alternative fuels providers, State and local governments, and private fleets buy
alternative fuel vehicles in percentages increasing over time. The Act also creates tax
ucentives for vehicle buyers and for alternative fuel service station operators. "

a. Market:
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gasoline-powered vehicles eventually used 85% ethanol) is projected to be more than 450 million
gallons per year of ethanol. Current demand is zero.

1

b. Competition:
1} Locally-available gasolines; and 2) Ethanol from out of state
1) Lucally-available gasoline

$ 0.85 rack price (approximate)

+ 0.09 retail overhead (approximate)

+0.184 Federal tax

+0.325 State and County fuel tax (Honolulu rate)
+0.039 State 4% tax

=% 1.49 retail gasoline price per gallon

1.39 gallons E85 =1 gallon gasoline. Since it takes more gallons of E8S5 to go the same distance, fuel
cost per E85 gallon should be less. For fuel costs to be equivalent on a mile-for-mile basis, B85 retai]
price may not exceed $1.07 per gallon.

Maximum allowable cost of E8S:

$ 0.1275 for 0.15 gallon gasoline (at 85 ¢/gallon gasoline)
+0.70 for 0.85 gallon ethanol (at 82¢/gallon ethanol)

+ 0.09 retail overhead

+ 0.184 Federal fuel tax

- 0.459 Federal tax credit

- 0.085 Federal small producer credit

+0.19 Federal income tax on credits

+0.325 State and County fuel tax

=$ 1.07 per gallon E85

(Ethanol would have to be produced for less than $0.82 per gallon.)

2) Ethanol from out of state:

Same as 1.b. above (Iess than $1.30 per gallon).

c. Incentives:

S4¢/gallon Federal income tax credit; 10¢/gallon small producer Federal income tax credit (minus a

percentage because credits are taxable); Deductions for alternative fuel refueling facilities; and
Deductions for alternative fuel vehicles.

4. For use in buses

particulates. (Other options include advanced electronic engine controls, engine re-design,
particulate traps, "clean diese[" fuels, catalytic converters, and various combinations of thege
systems.) The National Energy Policy Act of 1992 also contains provisions for alternatively-fueled
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Full-size traffsit buses which Tun on 100% ethanol are available for Epproximately $40,000.00 more
than for a regular bus (regular buses cost over $200,000.00).

a. Market:

Unknown. Based on number of vehicles purchased. Current demand is zero. A 1 million gallon-per-
year ethanol plant would provide enough fuel for about 35 buses. A 5 million gallon-per-year ethanol
plant would provide enough fuel for about 178 buses.

b. Competition:
1) Locally-available diese] fuel; and 2) Ethanol from out of state
"1y Locally-available diesel fuel

$ 1.16 rack price (approximate)
+ 0.00 Federal tax

+ 0.00 State and County fuel tax
=8 1.16 per gallon diesel

of ethanol to go the same distance, fuel cost per ethanol gallon should be less. For fuel costs to be
equivalent on a mile-for-mile basis, the total price of the E100 fuel should not be more than $0.69
per gallon.

Maximum allowable cost of ethanol to compete with diese] for use in transit buses:

$ 1.11 (1 gallon ethanol at $1.1] per gallon)

- 0.54 Federal tax credit

- 0.10 Federal small producer credit

+ 0.224 Federal income tax on credits

=5 0.69 per gallon tota] price of E100 fue] (Ethanol would have to be produced for less than $1.11
per gallon.)

2) Ethanol from ont of state:

Same as 1.b. above,

¢. Tax incentives:

Same as 3.c. above,

3. As a feedstock in the production of ETBE (ethyl tertiary butyl ether)

Ethyl tertiary butyl ether (ETBE) is a gasoline additive made from ethanol and isobutylene. ETBE is
an octane enhancer (raises the octane rating of the fuel) and an OXygenate (makes the fuel cleaner-
bumning). The November/December 1993 issue of Fuel Reformulation pegged the value of one

gallon of ETBE at 130% the value of one gallon unjeaded regular gasoline.

a. Market:

If ETBE was blended into a]] mid-grade and premium gasolines at the rate of 17.2 per cent, demand
for ethanol to make the ETBE would be about 12.5 million gallons per year.
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b. Competition:

1) Locally-available octane enhaficers; 2) ETBE or other octane enhancers from out of stite; and 3)
ETBE for export

1) Locally-available octane enhancers

Depends on refinery processes. If a competitive cost for ETBE is 130 per cent of unleaded regular,
ETBE cost per gallon would be $1.10.

$ 0.238 (0.68 gallons isobutylene at approximately $0.35 per gallon )
*+0.113 Processing cost (estimated)

+ 0.928 Ethanol cost (0.42 gallons ethanol at $2.20 per gallon)

- 0.2268 Federal tax credit for ethanol used in ETBE

- 0.042 Federal small producer credit

+0.094 Federal income tax on credits

=$ 1.10 ETBE

(Ethanol would have to be produced for less than $2.21 per gallon.)
2) ETBE or other octane enhancers from out of state

Depends on refinery processes. If a competitive cost for ETBE is 130 per cent of unleaded regular,
and average price of unleaded regular is about 49 cents per gallon, ETBE could be shipped in for
about 85 cents per gallon. However, the current situation with impending reformulated gasoline
regulations &SHY:; requiring lower vapor pressures (ETBE has a low vapor pressure), use of
Oxygenates (ETBE is an oXygenate) and a requirement for a certain percentage of oxygenates to be
“renewable" (ETBE is usually made from ethanol which is considered "renewable") &SHY; may
increase the value / price of ETBE.

3) ETBE for export

Depends on refinery processes. If unleaded regular on the mainland is about 49 cents, and a
competitive cost for ETBE on the mainland is 130 per cent of unleaded regular (or about 64 cents),
and shipping cost from Hawaii to the Mainland is about 10¢ per gallon, ETBE cost per gallon before
shipping should be less than $0.54.

$ 0.238 (0.68 gallons isobutylene at approximately $0.35 per gallon)
+0.113 Processing cost (estimated)

+ 0.354 Ethanol cost (0.42 gallons ethanol at $0.84 per gallon)

- 0.2268 Federal tax credit for ethanol used in ETBE

- 0.042 Federal small producer credit

*+0.094 Federal income tax on credits

=3 0.53 ETBE

(Ethanol would have to be produced for less than $0.84 per gallon.)

6. For use in electricity generation

a. Market:
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If ethanol is used in a 25,000 kW steam jected combustion turbine, fuel consumption is projected
to be about 0,119 gallons per kilowatt-hour, or almost 3000 gallons per hour at that operating rate.
1Statewide electricity consumption in 1992 was over niffe and one-half billion kWh,

b. Competition:

1) Conventional fossil fuels (fuel oil, diesel, and coal); 2) Direct combustion of biomass; 3) Other
alternative energy sources for electricity generation,

1) Conventional fossil fuels

R

If #6 fuel oil is $18.00 per barrel, ethanol competing with fuel oil would have to be produced for not
more than..,

$ 0.22 (equivalent valye per gallon ethanol on energy content basis)

+0.126 if electricity is generated from a "dedicated feedstock supply system,” Federal credit of 1.5 ¢
per kilowatt-hour generated (8.4 kWh per gallon ethanol x 1.5 ¢/kWh = 12.6¢/gallon ethanol)
+0.54 Federal income tax credit for ethanol used as fue]

*+ 0.10 Federal credit for small (less than 30 million gpy) producers

- 0.268 Federal income tax on credits

=8 0.72 per gallon ethanol

(Ethanol would have to be produced for less than $0.72 per gallon.)
If diesel is $28.00 per barre],

$ 0.40 (equivalent value per gallon ethanol on cenergy content basis)

+0.126 if electricity is generated from a “dedicated feedstock supply system,"” Federal credit of 1.5¢
per kilowatt-hour generated (8.4 kWh per gallon ethano] x 1.5 ¢/kWh= 12.6¢/gallon ethanol)

+ 0.54 Federal income tax credit for ethanol used as fue]

+0.10 Federal credit for small (less than 30 million 2py) producers

- 0.268 Federal income tax on credits

=$ 0.87 per gallon ethanol

(Ethanol would have to be produced for less than $0.87 per gallon.)
If coal is $30.00 per ton,

$ 0.11 (equivalent value per gallon ethanol on encrgy content basis, assuming coal at 21 million Btus
per ton)

+0.126 if electricity is generated from a "dedicated feedstock supply system," Federal credit of 1.5 ¢
per kilowatt-hour generated (8-4 kWh per gallon ethanol x 1.5 ¢/kWh = 12.6¢/gallon ethanol)

*+0.54 Federal income tax credit for ethanol used as fuel

+0.10 Federal credit for small (less than 30 million gpy) producers

- 0.268 Federal income tax on credits

=% 0.61 per gallon ethanol

(Ethanol would have to be produced for less than $0.61 per gallon.)
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2) Direct combustion of biomass

If biomass is $50.00 per ton dry matter,

$ 0.232 (equivalent value

+0.00

If electricity is generated from a
kilowatt-hour generated. Howev
feedstock supply system,"
advantage for ethanol with
*+ 0.54 Federal income tax cr

"dedicated feedstock supply system,"
et, if biomass for direct combustion is
it would be eligible for the credit as well so
respect to this credit.
edit for ethano] used as fue]

per gallon ethanol on energy content basis)

+ 0.10 Federal credit for small (less than 30 million 2py) producers
- 0.224 Federal income tax on credits
=8 0.65 per gallon ethanol

(Ethanol would have to be produced for less than $0.65 per gallon.)

7. Summary of potential markets for fuel ethanol

As illustrated above, and sumrﬁarized in Table V-
fuel ethanol. The "target pri
incentives, from as low as

In Chapter IV, it was stated that "
depending on amounts paid for fe
gallon." Since a portion of the proje
projected range of production costs,

ce" for ethanol varies,
around 60 cents per gal

-..there are a variety of technolo
edstock, at costs ran

Federal credit of 1.5 ¢ per
also from a "dedicated
there would be no net

1 below, there are several potential markets for
according to the competition and applicable tax
lon to over $1.50 per gallon.

gies that may produce ethanol,

ging from less than $1.00 to over $3.00 per

this first-cut estimate indicates that ethanol production for

Table V-1
ESTIMATED "COMPETITIVE PRICE" FOR FUEL-GRADE ETHANOL IN VARIOUS
HAWAII APPLICATIONS
Estimated
Competitive/lretail pricejCompetitive
o retail price for price for |Competitive
b/° ijhlinoé for primary primary || quantity of production
PRODUCT VS: irf, ; M product || product ethanol price per
Eg;;gfy (with (without [ used in gallon of
p ethanol cost|| ethanol primary ethano]
added) cost product
L L added)
$ per
- % $ per galion gallon $ per gal@ $ per galion
Gasoline (all
rades) - 0% L $1.49 $1.49 7 - -
asoline (mid-
[gade & premium) - O%J $1.54 1 $1.54 7 -
thanol shipped ||
l?@m the mainiand - 100% L$1.30 - j $1.30 $1.30
rl-[awan Gasohol Gasoline (all 7 10% ) $1.47 ‘l $1.30 30.16 1 $1.63 7
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l llerades) | | - |
awaii mid-grade . ! _ ;
& premium with || Casoline (mid- 0% | sis4 | s134 | s020 $2.041 (

ethanol ade & premium)
85 Gaﬁ;;le (all 85% |l $1.07 | $037 | s$069 | so.s2

| iesel for use in

Blybuses - 0% $1.16 $1.16 - -

Diesel for use in

[E100 ity buses 100% $0.70 || ($0.42) $1.11 L $1.11

[ETBE [Octane enhancers || 42% L st11 | sois | 3093 | $221
uel oil (#6

istillate) g 0% $0.43 1 $0.43 - -

vel oil (#6.

PEIOO El.sﬁuate) 100% $0.22 ($0.50) $0.72 $0.72
iesel (#2 |

&ﬁuate) W - 0% $0.67 $0.67 - -

lese] (#2

[Emo tistillate) 100% $0.37 || (30.50) | $0.87 $0.87

Coal ] - | 0% $30.00 || $30.00 || - NI
100 _JiCoal _ L 100% | so.11 I (3050) ]| s0.61 I 8061 |

feedstock and operating costs. In Chapter IV, the "ethanol production cost" did not take into account
potential returns from sale of byproducts, and assumed that the only revenue coming into the system
was from the sale of ethanol; therefore, the sthano! price had to be set high enough to cover 100% of
the costs.

In certain cases, production and sale of co-products could reduce the ethanol sales price required for
an economically feasible system.

of feedstocks and technologies (once again, this would vary by site as well), what follows is a
general discussion of possible co- products, markets and values,

Each feedstock source and processing technology combination will produce slightly different outputs
and co- products. For example, a feedstock with high levels of protein has potential to produce a
high-protein animal feed supplement. A process with an overall lower energy demand, if combined
with feedstocks high in lignin content, may produce greater quantities of electricity for sale to the
utility.

Figure V-1 illustrates a "crop refinery"” concept. This is analogous to an oj] refinery which uses crude
oil as a feedstock to produce a variety of refined products (gasoline, jet fuel, fuel oil, etc.) Revenues
from all of the products contribute to the overali economic viability of the refinery.

If an oil refinery considered itself simply an "oil to gasoline" production plant, tried to price its

gasoline to cover all of the costs of the refining process, and disposed of the other products (jet fuel,
diesel, fuel oil, efc.) as waste products, the process would be extremely inefficient, the price of
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gasoline would be very high, and the problems of disposing of the unused portions of the crude oil
would be expected to be substantial, to say the least.

A discussion of "biomass to ethanol" may be, in its own way, as narrowly focused as the "oil to
gasoline" production plant described above. Although actually designing the crop refinery outlined
above is beyond the scope of this project, a general discussion of each of the possible by-products or
co-products of such a system is provided below.

Figure V-1
CROP REFINERY
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1. Protein

Some sources of lignocellulosic biomass (e.g. sorghum) can contain as much as 15% protein based
on dry weight, This protein may be used in a marketable animal feed supplement. In 2 1983 paper,

Dale and others have pointed out that "protein is a valuable component of biomass that is currently
neglected in current fuels and chemicals from biomass schemes." In this paper Dale provided some
representative data on crop composition, a summary of which is presented in Table V-2 below.

Protein is also contained in stillage from the fermentation Process (see section on stillage).

Table V-2
PROTEIN CONTENT OF SELECTED PLANT MATERIALS
Cellulose Hemicellulose Lignin Protein Other
Material (% by weight, |[(% by weight, dry || (% by weight, | (% by weight, (% by weight,
dry basis) basis) dry basis) dry basis) dry basis)
Alfalfa (leaves) || — 222% |  1r.0% " 52% | 2ss% [ _33.1% ]
l l 0 jl O —ll 1
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ifalfa stalks) || 485% || 6.5% 166% || 105% || 17.9% |
fezligﬂglzlstalks) =t L% S0 % %
Sfa’;‘kgsmue 43.1% 10.5% 9.6% 3.4% 33.4%
Slggggsf’mss | ssew 29.5% 10.9% 6m% | 17w
Ssltlgﬁacl;)grass 44.1% 21.3% 9.1% - 51% 20.4%
2. Lignin

Lignin is a component of lignoceliulosic biomass which generally passes through the biomass to
ethano! conversion system unchanged. For a plant producing 25 million gallons per year of ethanol
(using assumptions stated in Chapter IV), lignin production would be about 100 tons per day. Lignin
has an energy value that varies by source, from about 9,100 Bty per pound of lignin from northern

red oak to 11,300 Btu per pound of lignin from softwood. Another reference quotes a heat content of
12,700 Btu per pound of "milled wood lignin."

Extraction of lignin in the processing of biomass to ethanol has the potential to provide a high energy
compound for the production of process heat and generation of electrical energy. Lignin may also be
processed to specialty polymers, electrically conducting polymers, or phenolic resins, which may be
used as glues or binders in production of plywood and fiberboard.

%4 3. Furfural

Hydrolysis of biomass can result in soluabilizing or liberating the sugars that constitute cellulose and
hemicellulose. Xylose, the primary sugar in hemicellulose, can be further processed in the presence
of acid to furfural, '

Figure V-2
XYLOSE TO FURFURAL
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This compound can be used as a selective solvent for refining high quality lubricating oils.
Hydrogenation of furfural at 200° C produces furfural alcohol which can be refluxed to produce
commercial resins. Furfural can also be used to produce low temperature adhesives and protective
coating for wood; it also has application in the production of nylon.

4. Carbon dioxide
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For every pound of ethanol produced, approximately one pound of carbon dioxide is produced from .- :"i‘_ l
the fermentation process. For a 25 million gallon per year plant, carbon dioxide production would be -
about 250 tons per day. 1 ik

a. Direct sale

Carbonation. Carbon dioxide has only limited market as a beverage carbonating agent in Hawaii.
Compression to make dry ice. Dry ice is used as a cooling agent in some industries,

b. Conversion to other products

Carbon dioxide may also be directed to the production of algae or methane.

5. Algae | .

6 CO2+ 6 H20 + Light e > 6 02+ CsHiz2 Os
carbon dioxide + water + sunlight -—-----> oxygen -+ sugar

As aresult of photosynthesis, carbon dioxide (considered a pollutant) is converted to valuable
Oxygen and sugars that living forms use as a source of energy. CO: is utilized 100% by aquatic algae
to produce biomass by photosynthesis. Appropriate selection of algae has the potential to produce
pharmaceuticals, animal feed ingredients, and energy products.

The abundance of sunli ght available in Hawaii makes this possibility particularly intriguing.

6. Stillage

Fermentation (conversion of Sugars to ethanol and carbon dioxide) is carried out by a variety of
microorganisms. These microorganisms contain nitrogen, phosphorous, potassium, trace minerals,
and, on a dry weight basis, may contain up to 70% protein and a variety of vitamins and fatty acids.

Animal feeds. Processing produces a protein rich powder (sometimes referred to as single cell
protein). Depending on species these can be used as substitutes for soy protein or fish meal in
formulating feeds for animals and aquatic species.

Anaerobic digestion to produce methane. Stillage may be anaerobically processed to produce
methane.

7. Methane

Proprietary designs of systems that have the capacity to convert COz to methane have been
developed at the experimental level. As this technology continues to improve, methane from carbon
dioxide may become an important source of energy for biomass conversion Systems.
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After microbial biomass is removed the resulting "beer" must be distilied. The liquid remaining is
rich in nutrients and contajng particulate material that must be disposed of or utilized. When

combined with other organic wastes, this material is g particularly good shbstrate for anaerobic
fermentation to produce methane. The resulting methane may be used for process heat or to produce
electricity.

8. Electricity

a. Production

(IPP) and the utility.) An important factor in utility payments to IPPs is whether the contract is for
firm power (available upon demand by the utility) or not,

Another option would be to sell biomass-derived fuel (pellets, oils, etc.) to the utility for use in thejr
own facilities, if a long-term contract could be worked out that was acceptable to both parties.

[ Back to Main Report Table of Contents [ On to Chapter VI ]
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