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BIOMASS ENERGY CONVERSION IN HAWATI
Ronald L. Ritschard
Andre Ghirardi

SUMMARY

Organic wastes of many kinds, dincluding municipal solid wastes,
agricultural vresidues, and crops grown specifieally for their energy-
producing potential could all be burned to produce electricity in
Hawaii. Molasses, however, is the only feedstock that is likely to be
available for producing alcohol over the next decade or so, barring the
collapse of the international sugar market. Current estimates suggest
that 1f all the molasses Hawaii produces were used to make ethanol,
gasohol could replace 7% to 10% of the state”s gasoline consumption (at
1978 levels), or some 20 to 30 million gallons a vear. Leafy trash,
wood and other cellulosic material could be processed into ethanol or
methanol, but with present technology thelr best use 1s in direct
combustion as boiler fuels, replacing another significant fraction
(about 10%) of imported liquid fuels.

Several things stand in the way of fully wutilizing biomass as an
energy source for Hawaii. Some agricultural wastes and sugar industry
products and by-products are currently more valuable as human and animal
food than as energy sources. Molasses, for example, is now used to
manufacture beverage ethanol, industrial alcohol, and animal feed and
sells for between §70 and $100 a ton. At today”s prices, the ethanol
that would be made from molasses dis not competitive with gasoline.
Gasohol wuse to date has been supported by government subsidies, which
are expected to continue. Gasoline would have to cost about $1.70 a
gallon to make gasohol attractive or even competitive. 1In addition,
tree crops, which are one of the most promising biomass resources avail-
able in Hawaili within our 25-year time frame, requive substantial land
use. It would take a political decision to support the energy market
for biomass or a drastic shift in present market values to redirect
existing biomass resources entirely into an energy producing program.
The technical problems that currently confront such a program are no
greater than the economic and political barriers.



INTRODUCTION

Biomass is Hawaii”s most productive natural energy resource in terms
of the electricity generated from it. Further, it Is the only Indi-
genous resource that can be converted to liquid fuels to replace
imported petroleum fuels. Direct combustion of bagasse (a fibeous sugar
cane rvesidue), woodchips, and macademia nut shells generates approxi-
mately 12% of the electricity now consumed in the state.(l) Several stu-
dies have outlined a program of blomass energy use in Hawail’s energy
needs in the next two decades.(2,3,4,5)

Fuels can be derived from several blomass resources: wastes, which
include all organic materials that accumulate at specific locations and
whose disposal carries an assoclated cost, e.g. municipal solid wastes
(MSW), 1lumber mill wastes, and sewage sludge; residues, which are plant
materials left in the field or forest after agricultural crops or timber
are havvested; and energy crops, i.e., those crops specifically cul~-
tivated for their fuel content. Some recently proposed energy crops for
Hawaii are aquatic plants (to be cultivated in land-based systems),
ocean kelp, corn, sugar cane, and various tree crops, such as eucalyptus
and glant koa haole.

Technologies that convert biomass to energy and that are bhelieved to
have the greatest potential in Hawaii for the near—term (before the year
2000) include direct combustion of wood chips and wastes=-such as
bagasse, MSW and pineapple trash--and the production of liquid fuelss,
especially ethanol from various feedstocks {(cane julce, molasses, and
pineapple). Biomass 1s the only renewable resource that will be suit-
able for conversion to liquid fuels before the turn of the century.

The most important consideration in the use of biomass for energy is
its avallability as a resource. For Hawaii, four major biomass
resources appear most promising. These include the resources of the
Hawaiian sugar industry (bagasse, cane juice, 1leafy trash;, and
molasses), tree crops, municipal solid wastes, and algae. 0f these,
only the sugar industry products and trees are now available in suffi-
cient quantities to supply a significant amount of Hawaii’s future
energy needs.

LYQUID FUELS ¥ROM BIOMASS

The experience gained from the use of gasohol in the U.S. and other
countries, combined with the existence of a strong Hawaiian sugar indus—-
try, make alcohol fuels a possible replacement for some of the 314 wmil-
lion gallons of gascline consumed annually in the state. Gasohol is
already used experimentally in at least 15 states on the Mainland and
has been a major source of energy for transportation in Brazil since the
1930s. TFurther, the technology for production and wuse of gasohol 1is
well known and proven In practice.

In the short—term, molasses is the best feedstock for production of
ethanol in Hawali. The sugar contained in molasses (557 by welght) is
of low value because 1t cannot be economically crystallized and sold as



food. Some mill juice from pineapple canneries is also available.,
There is enough molasses and pineapple juice to replace 8.47 of the
state’s gasoline consumption at 1978 levels (see Figure 1). If enough
alcohol were produced to replace more than 107 of gasoline consumption,
it could still be added to gasoline, Internal combustion engines
designed for gasoline can run on a mixture containing up to 20% ethanol
with only an engine tuneup. The use of mixtures containing more than
20% ethanol requires major engine modifications.

FIGURE 1. -~ Suggested Strategy for Use of Gaschol
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The uncertainty surrounding a number of technical and economic
parameters makes difficult the assessment of long—~term opportunity for
alcohol fuels in Hawaii. As soon as the cheaper feedstocks for ethanol
production become totally committed, methanol may again emerge as a pos—
sible alternative fuel, especially if lignocellulosic wastes are the
primary resource available. The thermochemical process that produces



methanol from cellulosic waste seems, as of today, to be potentially
competitive with the hydrolysls~fermentation that would be used to pro-
duce ethanol from the same raw material.

Sugar will not he an economical source of alcohol unless prices sta-
bilize at levels much lower than those presently observed. The competi-
tiveness of sugar, and of sugar cane in particular, could be enhanced if
some potential improvements in planting and processing are realized.
Among the most important are: changes in crop management practices that
could increase the sugar content of sugar cane and shorten the harvest—
ing cycle: genetic enhancement that would permit harvesting of more
ratoon crops; and use of less energy—-intensive dehydration technologies
that would substantially reduce processing costs and improve overall
process efficiency. The feasibility of sugar cane as an ethanol
feedstock will essentially depend on more efficlent harvesting and pro-
cessing, since the expansion of sugar—-bearing crops in Hawaii is con-
strained either by land availability or climate.

Alternative Materials and Fuels

Theoretically, any alcohol can be added to gasoline for wuse in
internal combustion engines. For technical and economic reasons, the
choice is usually narrowed down to the two simplest alcohols: methanol
and ethanol. The State of Hawaii has the necessary feedstocks to produce
either methanol or ethanol from biomass. The presence of a strong sugar
industry and some technical advantages in ethanol production suggest
that ethanol may be the most attractive alternative, at least in the
near term.

Most large—scale methanol production relies on «c¢oal as the main
feedstock dn procedures such as the Koppers-Totzek Gasifier, and the
Texaco Partial Oxidation Process (6). Tt 1s also possible to produce
methanol from cellulosic biomass resources. Formerly, in fact, it was
commonly made from wood. Whether wood and other cellulosic materials
will be wused as feedstock for alcohol fuel or as feedstock providing
cellulose fiber for the paper industry, or for some other purpose, 1is
not clear. This depends on a number of factors, such as the type of
alcohol fuel chosen for Hawaii and on the price of alternative
feedstocks for the production of such alcohols.

Ethanol can be synthesized from oil or natural gas. Or, it can bhe
produced via fermentation from a variety of agricultural crops that con~
tain sugar or starch. It can even be made from cellulosic material wvia
hydrolysis followed by fermentation. The availability of cheap
petroleum products after World War Il caused most ethanol to be syn-
thesized from petroleum-derived ethylene, discouraging the use of agri-
cultural feedstocks. In light of the oi1l price increases that occurred
during the 1970s, producing ethanol from agricultural feedstocks emerges
again as a potential alternative, particularly in the case of ethanol
produced by direct fermentation with wvery little pre-treatment from
ethanol and molasses. Tn addition, ethanol can he blended with cheaper,
low—~octane unleaded gasoline.



Anhydrous ethanol is miscible with gasoline at all proportions,
always resulting 1in a fuel with desirable properties. The chemically
correct level of fuel-air mixture in mass proportions varies almost
linearly between the limits of 1:15 for pure gasoline and 1:9 for pure
ethanol (7). At the level of approximately 107 ethanol (exact level may
vary with type of engine), fuel consumption reaches a minimum which is
lower than that of either pure ethanol or pure gasoline. Indeed, the
addition of ethanol to gasoline 1in proportions of 1:9 improves the
octane number, thereby enhancing engine performance. Up to a level of
20%, ethanol—-gasoline blends can be used directly in gasoline engines,
requiving only a tune-up. At levels beyond 207, engines vequlire an
increasing number of modifications, making those mixtures less practical
and wmore expensive.

If enough ethancl were produced to dislocate more than 207 of gaso-
iine consumption, the best sgtrategy would probably be to follow the
example of Brazil and convert part of the car fleet to engines that can
run on 957 pure ethanol. Those engines have the advantage of requiring
a cheaper and less energy—intensive fuel because they can burn hydrated
ethanol, which costs less and requires less energy for its distillation
than the anhydrous alcohol that must be used in blends with gasoline

(7y.

Materials and Processes for Producing Ethanol

Hawaii consumed 314 million gallons of gasoline ip 1977. In order
to use a 10Z ethanol=-gasoline blend, Hawaii would have to produce 31
million gallons of ethanol annually. T®ach of the ethanol feedstocks
available to Hawaii —-- sugar cane juice, molasses and bagasse, as well
as some less likely candidates such as pineapples -- has its own techni-
cal and economic drawbacks and advantages.

Sugar Cane Juice

From a technical perspective, sugar cane is the most logical
Hawaiian crop to use for ethanol production bhecause the sugar contained
in the julce extracted from the plants is easily converted to ethanol by
fermentation. Ry fermenting simple sugars in ethanol, over 907 of the
energy originally contained in the glucose is concentrated into half the
weight of the final product in a very efficient reaction (92 grams for
the mole of ethanol and 180 grams for the mole of glucose) (Table 1).
This 1is equivalent to saying that, theoretically 13 pounds of sugar are
necesgsary to produce a gallon of ethanol. TIn practice, the production
of a gallon of ethanol requires about 14 pounds.



TABLE 1. == Fermentation of Glucose to Tthanol

" Glucose ~ Ethanol
 CgHyp05  2CoHSOH + 2C0
180g 92¢g

673 Keal 655 Kecal

Energy in Ethanol
= 0,97

Energy in Glucose

The process for fermentation of sugar into ethanol is well known and
has been practiced for years. Brazil produces all of its ethanol from
sugayr cane, using this alternative product to counteract fluctuations in
the international price of sugar. Nevertheless, producing alcohol as an
alternative to sugar is probably not cost—effective. 1If sugar cane 1isg
to be planted for the specific purpose of producing ethanol, a number of
changes should be made both in harvesting and in processing procedures
that would yield ethanol at a more competitive cost (8)., In the produc-
tion of sugar, the main objective is to produce the largest possible
quantity of crystallized sugar from the cane juice; whereas in the pro-
duction of ethanol, the objective 1s to use a minimum of energy to pro-
duce a 1liquid fuel. Furthermore, when producing sugar, one seeks to
avold operations that might 1nhibit the process of crystallization,
whereas in the production of ethanol it is only necessary to assure that
the fermentatlon 1s not disturbed by prior operation. A partial or even
complete inverslon (formation of glucose and fructose) of the sugar in
the cane, and even an acid reaction of the solution, 1is acceptable in
ethanol . production. Growing sugar cane for sugar requires that harvest
be preceded by a ripening period that varies from a few weeks to several
months 1in order to increase the content of recoverable sucrose (9),
whereas 1in the production of alcohols this ripening period becomes
unnecessary because the reducing sugars are as important as sucrose in
the fermentation process.

The two end products also require differences in the way the Julce
is treated during processing (8). Fthanol production is not altered by
the presence of other soluble substances besides sugar, insofar as these
substances do not interfere with fermentation. Some substances might
even contribute to a faster fermentation and to an increase in the
alcohol vyield. Therefore, the sugar cane can be exposed to much higher
temperatures during processing than would be permissible in sugar pro-
duction. The solution to be fermented should he as sterile as possible
to maintain the purity of the vyeast and to permit recycling, which
reduces operating costs and increases yields. Sterility of the solution
is also a requirement for any continuous fermentation process. If the
State of Hawali chooses to wuse some of 1its sugar cane to produce
alcohol, it will be certainly advantageous to investigate all of these



possible improvements, which are likely to enhance the competitiveness
of alcohol as a fuel.

Even though prices are likely to make sugar an uneconomical source
of ethanol din Hawaii, the following calculations show the approximate
amount of sugar and the land area required to produce enough ethanol to
displace 107 of 1977 state consumption of gasoline. 1In addition, they
help one to visualize what share of the yearly production and what por-
tion of the planted area would have to be committed to the production of

alcohol.

i

31 million gal ethanol x 13 1b sugar/gal ethanol
201,500 tons of sugar
Area Required = 201,500 tons sugar x 10 ton cane/ton sugar

% 1 acre/93 ton sugar cane = 21,700 acres, or 9000 ha

Sugar Required

i

Considering that sugar cane is a biennial crop In Hawaii, the neces-
sary area would bhe 18,000 hectares (ha) (43,000 acres). This does not
imply that such an area would be requived in addition to what is already
planted. If production of ethanol became economical, the alcohol would
be likely to produced with sugar cane from existing plantations. The
sugar vequired would amount to 207 of current production, whereas the
required area is about 10% of the area currently planted, that {is, 20%
of the area harvested annually, In 1978, ahout 46,000 ha (113,600
acres) of sugar cane were harvested {in Hawaii, while the total planted
area was about 92,000 ha (227,000 acres) because sugar cane grows in a
two—-year cycle in Hawaii.

Because of land and water constraints there I1s limited posgsibility
for substantial increase in sugar cane production. Only 4% of Hawaii“s
Tand is potentially avrable, and most of that is already taken with sugar
cane and pineapple plantations. According to estimates made by the
Hawaiian Sugar Planters Association, a maximunm of 10,000 to 20,000 addi-
tional thectares could be made available for growing sugar cane. Such a
small increase would be barely sufficlent to accommodate the 18,000 hec—
tares necessary to produce enough ethanol to displace 10% of the state’s
gasoline consumption. More than 600,000 ha (1.5 million acres) of the
state land 1s classified as grazing lands, and it 1s unsuited for the
plantation of sugar cane because of shallow soils, steep slopes, and
insufficient water availlability. TIndeed, water availability appears as
the most limiting factor to the the expansion of sugar cane plantation
in areas with the appropriate slope and soll depth. While on one side
of the islands the level of moisture is very high, the dry side can
receive as little as 50 cm of rain per year (10). In principle, water
could be transported from the wet side to the dry side of the {islands,
but the cost of doing this would represent a substantial increase in the
current cost of alcohol.



Molasses

Blackstrap molasses 1s a by-product of sugar cane processing. After
the Jjuice 1s extracted from sugar cane and clarified, sugar is concen-
trated and crystallized by evaporating the juice, and the sugar so
obtained 1s removed by centrifugation. The process is carried on until
the formation of sucrose crystals becomes uneconomical. The remaining
liquid phase 1is molasses, a dark syrup containing non—crystallizable
sucrose and fermentable sugars (11). The molasses contains 557% sugar by
welght, and sucrose accounts for 357 to 40% of that. The remalning is
invert sugar, the equimolar mixture of fructose and glucose. The
sucrose lost 1in molasses represents the highest loss in the processing
of sugar cane, and has therefore been the object of a number of studiles
aiming at recovering the sugar in a economical way (12).

Producing ethanol by fermentation is one of the ways to use the
sugar contained 1Iin molasses. Before fermentation begins, the solution
is diluted to give a sugar concentration of 10% to 15%. Acid is added
to vreduce the pH of molasses from 5.3 to somewhere between 4.0 and 5.0.
Fermentation begins with the injection of yeast enzymes and continues
for 28 to 72 hours (averaging 45 hours), producing alcohol concentra-
tlons of 8% to 107 (12). After fermentation is completed, the liquid
goes to a centrifuge where the yeast is extracted to be recycled. The
1iquid from the centrifuge goes through a heat exchanger and 1Into the
still. The still vresidue, known as stillage, can be concentrated and
dried; about 6.4 pounds of stillage are produced for each gallon of
ethanol extracted. The azeotropic mixture of ethanol and water is usu-
ally broken down by adding benzene. However, cheaper processes are
being devised wusing materials such as cellulose, corn starch, and
shelled corn, with substantial savings in the energy needed to obtain
the anhydrous alcohol (13).

The quantity of molasses produced in processing sugar cane is about
20% - 507 that of sugar by weight. Traditionally, molasses is used in
the manufacture of both beverage and industrial alcohol, and as animal
feed. It sells for 870 to 8100 per ton (19808). If molasses were
reserved as the main feedstock for production of alcohol fuels in
Hawaii, the markets for heverage ethanol feedstock and for animal feed
would have to otherwise supplied.

The potential supply of alcohol from molasses can be theoretically
estimated on the basis of 24 pounds of molasses for each gallon of
ethanol (12). 1In practice, the requirements have been higher, in the
neighhorhood of 29 pounds per gallon. TIn 1978, Hawaii produced 310,000
tons of molasses, which would yield about 26 million gallons of ethanol,
enough to displace 8% of the state’s gasoline consumption in 1978,
Therefore, in order to achleve a wuniform 107 alcohol-gasoline blend
throughout the state, 1t would be necessary to find a complementary
feedstock to displace the remaining 2% of gasoline consumption, Since
the production of molasses 1s tied to that of sugar, there 1s little
possibility of increased availability of molasses in Hawaii.



Bagasse

Approximately 947 of the bagasse generated iIin the processing of
sugar cane is used in the sugar mills as boiler fuel (1l4). Considering
Hawaii“s dependence on imported oil, it is important to investigate the
possibility of wusing that fraction of bagasse that is not used as fuel
to produce ethanol via hydrolysis. Even though it is valid din princi-
ple, the idea of converting bagasse into alcohol fuels is unlikely to be
cost-effective in the foreseeable future. The production of ethanol from
bagasse would possibly employ one of the following: strong acid hydro-
lysis; weak acid hydrolysis; or enzymatic hydrolysis (each of these
technologies arve summarized in a recent publication) (15). At present,
these processes suffer from problems such as low concentration of
alcohol in the fermented solution leading to high distillation costs,
generation of substances that ave both toxic and an obstacle to fermen-
tation, contamination hazards, and the high cost of enzymes. Cellulose
is a stable polymer; breaking it down to glucose may requive long reac~-
tion hours which translate into high equipment capital costs.

Pineapple

Pineapple would be a good feedstock for the production of ligquid
fuels, considering that it is a native crop in Hawali and has substan-
tial sugar content (167 by welght). A recent article supports the use
of pineapple as a feedstock for the production of ethanol (16). The
so0il and temperature requirements are similar to those of sugar cane;
pineapple has lower water vrequirements and is well adapted to the
islands of Molokai and Lanai where rainfall may be as low as 60 cm.
Containing sucrose and invert sugars in concentrations up te 167,
pineapple would have a lower ethanol vield per acre but would make more
efficient use of irrigation water than sugar cane (see Table 2) (16).
As with sugar, the major obstacle to wutilization of pineapple as a
feedstock for production of fuel is the high value (8300/ton) that it
has as food.

Methanol from Wood

Whereas this analysis is concerned primarily with the use of ethanol
as a fuel in the state of Hawaii, there is, in principle, the possiblil-
ity of producing another alcohol, methanol, from wood. Differences in
the nature of the resources required, economics, and end-use charac~-
teristics do not permit a compavison of the two alcohols in the context
of the liquid fuels market in Hawaii.

While the production of ethanol i1s based primarily on the fermenta-
tion of sugar and has been practiced for years, producing methanol from
wood is based on pyrolysis followed by catalytic conversion.

These processes are well understood, but no commercial-scale plants
arvre in operation. The preliminary cost estimates that have been made
are naturally surrounded with uncertainty. In fact, even cost estimates
for the production of ethanol are constantly revised, although



fermentation is a rather simple and well-known process compared to the
procesges that produce methanol.

TABLE 2. —= Comparative Yields of Pineapple and Sugar Cane
Ethanol Water

Yield Production Requirement

Crop (ton/acre) (liter/ha—-month) (em/month)
Sugar cane 93 921 180
Pineapple 20% 482 83

#20 ton/acre is the yield of the fruit, not the whole plant.
Source: (16)

As for end use, the two alcohols differ in that while ethanol is
already being used as a fuel, methanol is used primarily as a feedstock
for the petrochemical industry in the manufacture of formaldehyde, and
achieves a very high market value as such. Industrial methanol is now
produced from natural gas by a simple partial oxidation process at a
lower cost than could be achieved by (hypothetical) plants producing
methanol from wood.

Finally, there is the issue of allocation of the wood available in
the state. Even though Hawaili”s geographic location favors the growth
of a variety of trees, it is not certain that the wood from those trees
would be available for methanol production. Competing for the same
resource are both energy and non—energy applications. Furthermore, most
wood 1in Hawail has i1ts greatest value at standing trees, i.e., as
natural ecosystem. Today, wood 1s used as a supplewentary fuel in some
new sugar factories in Hawaii. Most of those factories would be
interested in purchasing more wood for use as a boiler fuel, both for
the generation of steam process and electricity. Since all sugar
refineries are already equipped with boilers capable of burning biomass
material, it seems that any additional wood available for the energy
market would be used as boiler fuel. 1In that application, incidentally,
wood resources would be making their best contribution to dislocating
imported 1iquid fuels, because whenever the supply of bagasse is short,
boilers have to burn fuel oil. Among non-energy applications, the paper
and pulp Industry can be expected to bid for the additional wood made
available.

Before methanol can be considered a viable alternative for the
liquid fuels market in Hawall, several questions remain to be answered.
They include:

% At what price level is wood competitive with natural gas for
the production of methanol?

=1 (0=



* At what price level is methanol competitive with gasoline and,
eventually, with ethanol?

* Given the several alternative uses of wood resources, how much
could be expected to be available for production of methanol in
Hawaii?

At this point 1t seems unlikely that, in the absence of interven—-
tions in the market, wmethanol will be used as a fuel to any significant
extent in Hawaii over the next ten vyears.

Costs

Even though fermentation of crops to produce ethanol has been known
and practiced Ffor centuries, there is relatively limited experience
regarding the large-scale production of ethanol from agricultural
feedstocks other than sugar cane. TFor many years Brazil has been pro-
ducing all of its ethanol from sugar cane, and 1n wany parts of the
world liquor distilleries wuse blackstrap molasses to make beverage
alcohol. However, most alcohol for industrial application today is syn-
thesized from petroleum or natural gas. 1In the US, more than 907 of the
300 milliion gallons of ethanol consumed annually are produced from
ethylene. The recent interest in alcohols, especially ethanol, as an
alternative or additive to gasoline calls for increased use of agricul-
tural feedstocks for the large-scale production of ethanol. A variety
of materials can be used, ranging from sugar-bearing crops such as sugar
cane, sugar beets and pineapple; starch-bearing crops such as corn and a
number of grains; to any kind of agricultural waste containing cellu-
lose, such as straw and wood chips. For each alcohol distilliery, the
use of one of the possible feedstocks will be determined by geographic
location and seasonal price variations. In the Midwest, for instance,
most ethanol will probably be produced from corn or cornstalks, whereas
in lLouisiana or Hawali, some sugar cane-based feedstock is more likely
to be used in the immediate future.

The diversity of materials used to produce ethanol makes d{t diffi-
cult to estimate costs. Different feedstocks require changes in the
initial segments of the process, and the price of any given agricultural
input can fluctuate substantially from one season to another. A study
prepared by the MITRE Corporation reviewed cost data provided by 28
ethanol distilleries din an attempt to identify major patterns of cost
composition and to test for the sensitivity of total cost to wvariations
in the main components (17). The general conclusions indicate that in
most cases, capital costs represented 10% to 20Z of total production
costs, except when wood or wheat straw were used as feedstock. In the
latter case, capital costs represented a shave of 307 due to the pro-
cessing required prior to fermentation.

Feedstock costs consistently accounted for more than 504 of total
production cost, except in the case of wood or wheat straw. Since in
Hawaii most ethanol is likely to be produced from sugar crops, it can be
expected that about half the total cost will be due to feedstock. This
estimate is also compatible with the cost breakdown obtained for the
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production of ethanol from sugar cane in Brazil (18). The linear rela-
tionship shown on Figure 2 was derived in a recent article for the esti-
mation of the effect of wvariation in the price of sugar on that of
ethanol (19). The dependence between the two variables 1s definitely
sensitive to the assumptions made about plant characteristics such as
plant capacity, capacity factor, discount rate, and basic feedstock,
some of which are specified for the curve shown on Figure 2.

FIGURE 2, -— Effect of Sugar on Ethanol Price
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The curve indicates that for variations in sugar prices in the range
of 1l¢ to l4¢ per pound, which is well below current prices, the price
of aleohol would fluctuate in the range of $2.00 to $2.50 per gallon,
which 1is well above current gasoline prices. Furthermore, the curve on
Figure 2 is derived for 95% (V/V) ethanol; if used in mixture with gaso-
line, the alcohol would have to be anhydrous, requiring further process—
ing, which would certainly increase the price of the product. To make
alcohol competitive with gasoline today, the price of sugar would have
to be as low as 4¢ per pound, or alternatively, the price of gasoline
would have to increase sharply in relation to ethancl prices.
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At this date, molasses seems to be the source able to provide
ethanol at the lowest cost in Hawaii. A recent study analyzes in detail
the alternative processes for producing ethanol from molasses (20). The
results indicate that a continuous fermentation plant could produce
ethanol at a cost of $1.60 per gallon, assuming the price of molasses is
$§71.76 per ton, which translates into a price of about 7¢ per pound of
sugar (507 sugar in molasses by weight). The resulting cost of ethanol
takes into account the processing of stillage and assumes that the
potassium recovered in that operation will be sold at 18¢ per pound.
The study provides information relating the cost of ethanol to the price
of molasses. The data have been converted into the same units as those
in Figure 2, and are shown on Figure 3. The comparison of the curves in
the two figures should take into account that whereas Figure 2 shows the
selling price of ethanol, Figure 3 shows the cost of ethanol at the
plant, which does not include marketing costs. The higher costs in Fig-
ure 3 can in part be attributed to plant size (8 million gallons per
year), which is approximately one-third of the capacity assumed in Fig-
ure 2. As mentioned before, the cost of ethanol has been shown to be
rather sensitive to plant capacity.

In general, the two studies confirm each other”s findings regarding
the effect of sugar prices on the cost of ethanol. In either case,
ethanol from sugar is not competitive with gasoline at curvent prices,
implying that the large-scale utilization of ethanol as a fuel in the
near future would require some form of subsidy.

FIGURE 3. -~ Effect of Sugar on Ethanol Cost
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Allocation of Biomass Resources for Fthanol Production

A Strategy for use of the state’s resources should seek to allocate
all available biomass feedstock where it can be most valuable. (Note
that "most valuahle” is to be a political decision and not a market
decision.) In theory, every part of a sugar cane plant could be con-
verted into ethanol for use as liquid fuels, ylelding about 42 gallons
of ethanol for every ton of sugar cane stalks harvested, not accounting
for the energy use In the conversion (Figure 4).

Nevertheless, the conversion of all the 1indicated materials into
ethanol 1is not necessarily the best strategy for Hawail. For example,
the leafy trash and bagasse in every ton of sugar cane harvested can be
combined to produce as mwmuch ethanol as the molasses and the sugar
extracted in the same operation would yield. Both bagasse and leaves
can be more valuable as boller fuel for the generation of electricity
and process steam. TIn 1978, 127 of the electric power generated in
Hawali came from bagasse-fueled stations: 1f more leafy trash were
recovered in harvest (currently some of it is dumped on the field) it
could also he wvaluable as boller fuel. When burned directly, totally
dry bagasse and leafy trash could theoretically yield as wmuch as 8000
Btu/lb. If the material is instead converted to ethanol, the second law
of thermodynamics guarantees that some of the energy will be degraded to
non-usable forms; the energy content of the alcohol produced will neces-
sarily be less than the maximum energy that could be extracted from the
dry bagasse and leafy trash. O0Of course, the liquid fuel (ethanol) is
usually a more convenient source of energy. In everyday practice,
bagasse 1s burned at 50% moisture content by weight, which reduces its
heating value about 4500 Btu/lb. Devising an optimal strategy for use
of bagasse would require comparison of the amount of energy required to
dry further and upgrade the heating value of bagasse and leaves as a
direct fuel, to the amount of energy required to convert those materials
to ethanol.

The strategy for using biomass resources will have to be reassessed
periodically in the light of price variations in the energy market. The
final solution will depend on the relative prices of gasoline and boiler
fuel, as well as on the form and quantity of energy available to dry the
bagasse before burning. The value of bagasse for non—fuel applications,
such as paper and pulp, would also have to be accounted for in estab-
lishing a general strategy.
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FIGURE 4. -- Complete Conversion of Sugar Cane into Ethanol
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Environmental Impacts

The use of ethanol as fuel is environmentally benign insofar as it
decreases the level of most emissions from internal combustion engines.
The production of ethanol, however, generates substantial quantities of
stillage that can be a damaging water pollutant.

In general, the level of emissions from engines running on pure
ethanol would be 1less than the equivalent emission from gasoline
engines. Lead emissions are totally eliminated because no lead-based
additives are needed to improve the octane number; carbon monoxide emis-
sions are slightly lower because ethanol can be used with air in leaner
mixtures than gasoline. The major difference 1s that NO_ .nigsiong are
sharply reduced, especially if hydrated ethanol is used.  Emissions of
hydrocarbons may be somewhat increased, but that is still a controver-
sial point.

The major potential environmental hazard posed by the large scale
use of ethanol results from stillage discharges. In Brazil, where all
ethanol 1s produced from sugar cane, an average of thirteen gallons of
stillage are generated for each gallon of ethanol produced. The stillage
has very high biological oxygen demand (BOD) and can be very harmful if
directly released into waterways. Aquatic life had been all but des-
troyed where this has been the practice.

The solution to the stillage problem exists in the form of processes
that extract the solid contents of the stillage which can then be used
as fertilizer or cattle food.

DIRECT COMBUSTION OF BIOMASS

Sugar Industry Products

Hawaii”s sugar industry controls or leases 5% of the total state
land area, over 200,000 acres of land. In 1979, land used by sugar com-
panies totaled 247,973 acres, while land used by independent producers
totaled 11,433 acres for a combined total of 259,906 acres. Of that

total, 218,773 acres were planted to cane (22). The harvested sugar
cane 1s processed 1In mills located along the coastlines of the four
sugar islands (Hawaii, Kauail, Maui, and Oahu). In 1979, the sugar

industry harvested about 9.6 million tons of sugar cane and produced
over 1 million tons of raw sugar and over 325,000 tons of molasses
(Table 3). In the process, 2.9 million tons of bagasse, and about 2
million wet tons of cane trash were obtained and about 276,000 dry tous
of leafy trash were dumped in land fills. (Table 4). Each ton of
bagasse, containing about 50% moisture (as processed), has an oil-
equivalent heating value of approximately one barrel of residual fuel
oil, while 1.48 tons of leafy trash (about 607 molsture) are equivalent
to one barrel of fuel oil.
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TABLE 3. =- Sugar Production in Vawaii - 1979

Total
Cane Harvested Raw
Acreage Cane Acreage Sugar Tonnage Molasses Tonnage
Tsland (In thousands) (In thousands) (In thousands) (In thousands)
Hawail 91.2 39.4 388.3 116.5
Kauafi 45,8 23.2 232.4 70.7
Maui 47.7 21.8 252.8 79.4
Oahu 33.6 17.0 186.2 59.2
Total 218.8 100.6 1059.7 325.8

Source: (22)

TARLE 4. =—- Bagasse Production/Consumption - 1979

Bagasse Bagasse
Production Consumption
Island (Thousands of wet tons) (Thousands of wet tons)
Hawail 1242.5 1164.9
Kauai 628.5 577.3
Maui 551.0 537.2
Oahu 484.4 430.5

Source:(lé}
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Bagasse has been used by the local sugar industry as a fuel source
since the industry”’s inception 100 years ago (3). Currently, about 947%
of the bagasse generated in sugar cane processing is used in the sugar
mills as a supplemental fuel (6). In 1969, federal environmental regu-
lations eliminated ocean digposal of cane waste. Many sugar mills then
enlarged their Dboiler capacities to dispose of bagasse they weren’t
already burning to provide steam for processing sugar cane. In doing
so, some mills entered into contractual arrangements with the utilities
to supply excess electricity at a fixed rate. As a boiler fuel, bagasse
divectly displaces petroleum fuel. After supplying its own needs, the
sugar industry now sells to utilities about 200,000 MWh per vyear, an
amount equlvalent to about 25 MW.

In dry form, bagasse can have a heating value as high as 8500 Btu
per pound; however, it 1s wusually burned at a moisture content that
ranges hetween 487 to 507, and at a rate of 65 tons per hour, yielding a
heat value of approximately 4500 Btu/lb. The bagasse 1s burned in
cogeneration plants to produce process steam as well as electricity. 1In
1977, nearly 3 million tons of bagasse were burned in sugar mill
boilers, which 1s equivalent to about 3.8 million barrels of oil (5).

Islands with extensive sugar production have the highest potential
for using the fuel capabilities of bagasse. Sugar mills on the windward
side of the islands, where irrigation requirements are minor and energy
requirements for sugar production are therefore less, have always had an
excess supply of bagasse. In 1977, for example, about 287 of RKauai’s
electricity demand and about 407 of the Island of Hawaii“s electricity
requirements were met by plantation sales of electrical power to the
utilities. On the other sugar islands of Maul and Oahu, the increased
energy requirements for irrigation leave little excess electrical energy
available for sale to the utilities.

A significant amount of bagasse (96,200 wet tons) is discarded each
year by the sugar mills (Table 5). The primary measure of the fuel
guality of bapasse is its molsture content, since reducing the moisture
content substantially increases the heating value. TImproving the heat-
ing value, however, requires investing energy in the drying process,
unless a system using waste heat is employed. 1In 1978, the Waialua
Sugar Company on the Island of Oahu installed a dryer that wuses stack
exhaust to dry the bagasse, reducing the moisture content to about 35%.
The process is expected to increase the heat value of the bagasse by
about 177%.

Recently, the C. Brewer Company has developed a method for convert-
ing bagasse to an animal feed that 1s reported to have the nutritiounal
equivalent of alfalfa. About two tons of bagasse is needed to produce
each ton of animal feed (23). This feed has been used to supplement the
diet of cattle on the TIsland of Hawali and was found to be superior to
alfalfa. Because bagasse would probably command a better price as an
alfalfa substitute than as a boiler fuel, this high value use of bagasse
may compete with 1ts vrole in displacing petroleum in Hawaii”s energy

future.
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Sugar companies are intervested in increasing electrical generation
through the use of bagasse and cane trash (24). About 370,000 dey tons
of cane trash (the leafy portion of the sugar cane plant) were harvested
in 1978, of which 93,000 tons were used for boller fuel and the
remainder (277,000 tons) disposed of in landfills. (Table 5). Some of
what 1s Tharvested 1s used as supplemental fuel in boilers, but most of
it 1s dumped in landfills or otherwise discarded according to the rela-
tive economics of the alternatives. Cane trash 1s not widely used as a
fuel because of its high moisture level, its low energy yield, and the
necessity to remove soil and gravel before hurning.

TARLE 5. == Bagasse and Cane Trash Disposed by Sugar Industry, 1979
Bagasse Leafy Trash

Island (Thousands of wet tons) (Thousands of dry toms}
Hawaii 55.0 ) 115.6
Kauai 32.3 76.0
Maui 7.9 65.6
Dahu 12.2 18.7

Total 96.7 275.9

Source: (14)

Burning the leafy trash before harvest veduces the fibrous matter,
which iIn turn reduces the cost of transporting the sugar-containing
material to the mill. Proposed harvesting processes would use machinery
that would dispense with pre—~harvest burning, thereby recovering all the
leafy trash. TIf the prevalling prices of o0il and costs associated with
the new harvesting techniques rises high enough, recovering all leafy
trash for use as fuel may become feasible. If so, the leafy trash pro-
duced would vrepresent an additional 11 trillion Btu, or the equivalent
of about 1.8 million barrels of oil each vyear. Such new harvesting
methods have bheen proven in the management of plantations with twelve=-
month cycles, but they have not been successful when applied to Hawaii’s
biennial sugar cane crop. The issue of field burning prior to harvest
versus harvesting unburned cane, however, is a difficult one that has
not been resolved.

In the future, cane trash, which is a high wmoisture product, wmay
also bhe used as a feedstock for the production of ethanol. This process
first requires the hydrolysis of the cellulosic materials by either acid
or enzymes, followed by the fermentation of the resulting sugars to
ethanol. The authors feed that comhustion of cane trash is a more
cost-effective use of this resource because it would displace imported
0il dirvectly with little preprocessing.
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In summary, there is a great potential for increasing electricity
production from bagasse and cane trash. the sugar industry could become
a larger supplier of power to the utility grid by: 1) developing strains
of sugar cane with a higher fibrous content; 2) changing harvesting and
cleaning methods; 3) lowering the moisture content of the bagasse; &)
increasing the electrical generation efficiency of boilers at existing
processing plants and using the waste heat more fully; 5) providing a
method for bagasse storage in order to increase the electrical genera-
tion schedule from the exlsting nine-month period to a year; and 6) pel-
letizing the Dbagasse for better storage and for possible shipment to
other power plant sites.

An incentive that has been suggested would invelve a subsidy for
sugar growers who have committed, or will commit, to crops and invest-
ment in biomass utilization for energy production. Another incentive
should result from the new federal rules that say that electric utili-
ties must purchase energy made available from non-fossil fuel producers
at a vrate that reflects the cost the utility would avoid by not using
its regular sources. Historically, sugar companies that provided power
to Hawaii”s utilities complained that the utility was not willing to pay
the appropriate rate. The state Public Utilities Commission 1s deter—
mining rules and regulations to incorporate the avoided cost concept
into its rate setting formula.

Tree Crops

There are many possible sources of wood products in Hawaii. The
most Important are several species of eucalyptus, the giant koa haole
tree, and ohia (a native hardwood). At present, wood <chips and other
wood wastes arve burned 1in some sugar mill boilers to produce process
steam and electricity. Wood chips from eucalyptus mixed with bagasse
are being used as fuel on the i1slands of Hawaii and Maul. For example,
at the sugar mill In Pepeekeo, Hawaii, 750 tons of eucalyptus wood chips
were burned in 1978, These wood chips were used as a substitute forvr
0il, which must be burned when the bagasse supply is insufficilent.

Fucalyptus and giant koa haole are currently the most promising
species for energy crops in Hawali. Fucalyptus grows well on the margi-
nal agricultural uplands that are most lilkely to be available for its
cultivation. Eucalyptus prefers wet reglons and can reach harvestable
size in five to eight vears. After harvesting, eucalyptus, 1like wost
hardwoods, coppices from the stump, allowing several additional harvests
without replanting (three to four crops from a single planting). The
trees can be grown, harvested, shipped and burned using existing tech-

nology.

Wood chips from eucalyptus have an alternate market: paper pulp. A
private firm Is currently harvesting eucalyptus speciles on the Island of
Hawaii, chipplng them and selling the chips to Japan for pulping. Tree
farms supplying several markets such as fuel, paper pulp, and perhaps
alcohol feedstock, could become part of a major timber industry 1in the
Islands.
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The value of wood chips as an export commodity for wuse in foreign
paper 1Industries (especially in Japan) is substantially higher at the
present time than thelr value for energy purposes. Wood chips produced
at eucalyptus farms have been estimated to cost about $28/dry ton, while
sale of chips for paper pulp generated a return of $41/dry ton in 1977
(25).

In Hawaii, there are almost two million acres of forest land, of
which nearly half (947,800 acres) is commercial forest land. Of this
amount, more than 49,000 acres are now planted In eucalyptus and other
tree specles (Table 6). Ownership of the commercial forest land is
split abhout evenly between private land owners and the state. Over half
of the state”s commercial forests are of native species (koa and ohia),
and the vast majority of these trees are unused and of low commercial
quality. Sixty percent of the possible commercial forest land is
located on the Big TIsland of Hawaii. This {island, which has the
greatest potential to supply wood, has only 6400 acres of mature
eucalyptus, 500 acres of which are currently being harvested each year.
The primary market at present 1s wood chips for the paper pulping indus-
tYy.

TABLE 6, -- Forest Acreage hy Islands

Total Forest Commercial Forest Planted Forest
1970 1970 1978

TIsland (Acres) (Acres) (Acres)
Hawait 1,152,500 569,400 22,793
Maul 239,800 67,500 10,677
Lanati 43,900 4,500 512
Molokad 78,100 34,000 2,854
Oahu 205,300 126,500 7,224
Kauat 219,900 145,900 5,268

State Total 1,986 ,400% 947,800 49,326

*#Islands of Kahoolawe (15,800 acres) and Niihau (31,100 acres) are
included

Source: (25)

Fucalyptus were first planted in Hawaii for fuel wood in the 1880s,
and plantings have continued to the present. Research on the intensive
culture of eucalyptus for biomass production was initiated in 1978,
BioEnergy Development Corporation, a subsidiary of C. Brewer and Com-
pany, 1s developing an experimental energy plantation on the Big Island
in a program funded by the US Department of Energy and the C. Brewer
Company (21). The project will involve planting 850 acres of marginal
sugar-producing land (about 2000 trees per acre) in several varleties of

=21 =



eucalyptus during the next five years. The schedule calls for planting
50 acres the first year and 200 acres during each of the subsequent four
vears. The purpose of the program is to assess the economic and techni-
cal feasibility of using eucalyptus trees for emergy farming in Hawaii.
After the five to seven year growing time, the trees will be harvested,
chipped and then burned at the power plants of the Hilo Coast Processing
Company (Hamekua Coast) and Ka“u Sugar Company (southern part of the
island) to generate electricity.

A program of developing eucalyptus tree farms for energy dis Dbeing
carried out by the Division of Forestry, Department of Land and Natural
Resources. The Department estimates that the state”s cultivated commer-
cial forest lands could he expanded as much as 400,000 acres if a
national emergency regarding energy development were declared (26, 27).
A more plausible estimate would be half that amount (200,000 acres),
which would require that "incentives” increase significantly and some
subsidies he provided. Current funding will permit planting about 500
acres per year.

Capltal costs for an Intensive tree farm of giant %koa haocle in
Hawaii have been estimated at $2500 per acre. This includes equipment,
land and other required facilities (28). Tt should be noted, however
that this estimate 1s for an Intensively cultured irrigated agricultural
operation requiring rock—free, level land to accommodate particular har-
vesting technology. The costs were calculated for a 1000 acre Irrigated
energy tree farm on Molokai using leucaena, the giant koa haole. It was
estimated that the farm could be economically feasible on Molokai, based
on the curvrent price of diesel oil burned for electricity. The target
for the Molokai study was the production of 12 million KWh of electri-
city annually.

Direct combustion of wood chips to produce process heat or electri-
city would draw on existing technology. Wood-fueled boilers represent a
well-developed technology:; many such plants exist on the Mainland.
Electricity from wood combustion would be most economically generated by
20-25 MW facilities that consume between 400 and 500 dry tons per day.
Such a base— or intermediate load plant was recently suggested for the
Island of Hawaii (29). The specific capltal costs required for such a
plant were estimated as $1500/KW. Assuming a potential eucalyptus yield
of 10 bone-dry tons/acre-year and an average energy value of 17 million
Btu/dry ton, a 200,000-acre wood resource could support about 320 MW of
electricity. It does, however, require at least 25 vyears for such a
farm area to build up to the maximum rate of production, so it would be
well into the latter part of our study time period (beyond the year
2000) before such an output could be expected.

Energy conversion processes other than direct burning are iIn the
developmental stages, but in the future, they may provide other energy
products, such as chemical feedstocks for gasoline. The processes
include pyrolysis of wood to gas or oil, acid or enzymatic hydrolysis
followed by fermentation to yield ethanol, and thermogasification to
produce gaseous fuels and methanol.
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An option within the present state of the art involves the produc—
tion of methanol, which can be converted catalytically to high octane
gasoline, or used to extend 1t. Tt was suggested in a recent unpub-
lished report that as much as 250 million gallons of gasoline per year
could be produced from wood via the thermogasification/methanol syn-
thesis process (27). This 1level of production would requlire the
development of 400,000 acres of tree crops and a conversion process at
the commercializatlion stage. The authors doubt that either of these
conditions will be met during the time period of this study. (A further
discussion of the wood to methanol/gascline technology is found in the
section on liquid fuels from biomass.)

The fate of any wood conversion process depends wupon the cost of
conventional energy sources, especially the replacement cost of oil, and
the competing economic uses, e.g., trees for lumber and paper. We esti-
mate that a successful wood blomass program can meet a maximum of 107 of
the state”s total electrical requirements in the next two decades.

Municipal Solid Yastes

Nowhere in Hawaii is municipal refuse being burned now to generate
electricity. The City and County of Honolulu, however, is incinerating
about 500 tons/day of refuge for disposal without power generation.
Most of the municipal solid wastes (MSW) that Hawaii could recover for
energy and other resources are on the island of Oahu. At this time,
energy vrecovery from MSW is close to economical only on the Island of
Oahu. The Honolulu Program of Waste FEnergy Recovery (HPOWER) 1is
currently negotiating contracts with two companies to convert Oahu’s
municipal refuse into electrical power. Two plant-size options are
being considered: 1200 tons/day and 1800/tons/day. The 1800 tous/day
plant would use essentially all the MSW available on Oahu. On the other
islands, the municipal refuse 1s linited and not concentrated in large
population centers (Table 7).
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TABLE 7. —=- Municipal Refuse Available in Hawali, 1978,

Municipal Estimated
Refuse Combustible
Generated Approximate Fraction
County (Tons/Year) (Tons/Day) (Percent)
Honolulu 657,022 1800 83
Hawaii 63,145 173 71
Mauil 48,190 134 73
Rauati 26,645 73 70
Total /95,700

Source: (24).

Direct burning of refuse to produce steam with heat recovery is the
only currently available conversion process that meets the economic con-

straints set by the City and County of Honolulu for this project. Two
combustion technologles are being considered: waterwall incinevration and
refuse-derived fuels (RDF). The waterwall {incinerator burns refuse

either as received or after it has been pre-processed into a uniform
fuel product. The REF process removes combustible materials from shred-
ded raw refuse and eilther burns them alone in a specially designed
boiler or as a supplemental fuel with bhagasse, gas or coal.

Although there are other possible conversion processes, such as
pyrolysis and anaerobic digestion, combustion is the most likely solid
waste energy conversion technology to be implemented in Hawaii. It thas
been estimated that 35 MW of electric power capacity based on MSW
combustion could be constructed on Oahu by the mid-1980s; 70 MW by the
year 2000 (5). Potential capacity (for the year 2000) is about 10 MW on
all other islands combined. Co~combustion of refuse and bagasse 1s of
interest for the 1slands of Maul and Hawaii. The amount of bagasse is
large enough to guarantee the feedstocks required for an economical,
commerclal size plant.

Other Biomass Resources

Other biomass resources that have energy producing potential are
macadamia nut shells, pineapple wastes and hay. Currently, about 94
million pounds of shells are produced annually on the Island of Hawalil
(24). The macadamia nut Industry already burns some shells, and they
have been burned in sugar mill boilers as well. But because of their
high theating value (9200 Btu per dry pound) wmacadamia nut shells can
damage the bhoiler traveling grate and are therefore not often used. The
amount of land planted in macadamia orchards is increasing on the Island
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of Hawali. Installing boiler equipment designed to withstand the high
temperatures caused by macadamia shell combustion would enable full use
of this biomass resource. It is, however, an extremely small contribu-
tion.

Pineapple wastes can also be a source of energy. Much of the plant
is routinely left in the field after harvestering, but this trash could
be recovered and buruned in the same manner as bagasse. The results of
the vrecently completed Molokai Pineapple Waste Study, sponsored by the
State of Hawaii, Maui County, and various private interests including
the Molokai Electric Company and two pineapple companles, are encourag-
ing (30). The study concluded that enough plneapple field trash 1is
available in Molokai to continuously fuel a 1.5 MW power plant, and that
the material 1s harvestable with current production line equipment. It
is anticipated that after burning, the ash from the pineapple crop trash
will be redistributed over the fields to replenish the materials taken
from the soil. It has heen estimated that the pineapple trash on
Molokai could supply up to 25% of the island”s electricity needs (5).
Pineapple wastes from the Dole Plantation on Lanai and others on Maui
could also be burned for energy.

There is a proposal on the 1Island of Molokai to use hay as a
feedstock for combustion and as a replacement for diesel fuel. The hay
will be available from the Molokai Ranch. Some 18,000 tons of hay could
provide about 10 million KWh of electrical power annually. Molokai
Electric plans to begin burning a combination of pineapple wastes and
hay, which will supply 50% to 60% of its energy needs (31).

Environmental Impacts of Direct Combustion Systems

The primary environmental problems of combusting biomass resources
such as wood chips, bagasse and MSW vary with the type of combustion
process and the feedstock employed. Residuals include: air pollutants
(particulates and gaseous emissions); water effluente such as chlorides,
total suspended soils, and phosphates: and a significant amount of ash
that may vequire land disposal.

Particulates are the most significant air pollutant from direct
incineration systems. Emission vrates vary widely depending upon the
moisture and ash content of the fuel, unit design and combustion parame-
ters.  Gaseous emissions (S0, and NOy) are not viewed as significant
environmental problems, since the feedstocks in question are typically
low in sulfur and combustion usually occurs at temperatures at which
little NO, 15 formed. Trace elements such as beryllium, cadmium, mer~
cury, copper and lead may be a problem when considering municipal refuse
as an energy source.

Water pollution may result from the runoff of topsoil from chemi~
cally fertilized fields and from the sugar cane washing process. 1In
addition, developing managed forests to produce wood chips as an energy
feedstock will also vrequire the use of chemical fertilizers that will
run off from the topsoil during harvesting or processing. Landfill
areas arve rtequired for unhburnable cane waste and the ash residues from
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MSW and wood combustion. A potential exists for water pollution prob-
lems if hazardous materials are leached from these landfills.

Finally, the transportation of crops (sugar cane and tree crops) or
wastes (bagasse and MSW) to conversion facilities can result in various
environmental impacts including nolse, vehicle emissions and roadway
disruption.

ALGAE

Algae have been described as a significant biomass resource in
Hawaii, 1in part because they have a higher photosynthetic efficiency
than most land-based plants and are capable of producing methane through
the process of anaerobic digestion. The species available in Hawaii
include bhoth large attached marine kelp grown, harvested, and processed
either in onshore or offshore facilities, and unicellular algae grown in
terrestrial ponds. Although some kelp and other alpae are endemic and
grow in island waters, Hawaii has no history of intensive cultivation of
algae. There has been little success to date in wusing algae as an
energy crop in the "nited States or elsewhere. Many technical problenms,
egspecially in algae production and harvesting, have not been overcome
within economic constraints.

A 1977 Stanford Tniversity Hawaii Biomass Study proposed a 23 square
mile Sargassum plantation off the southwest coast of Molokai (2). Sar-
gassum, an indigenous kelp species, can he used tn produce methane gas.
The capital cost of the plantation was estimated at that time as $98
million and was expected to replace 1.2 trilliom BRtu/year, about one-
third of the energy sold as pipeline gas in Hawaii in 1975 and 0.57 of
the total state petroleum demand in 1978 (19).

Much R&D would be required to determine the potential of energy
conversion from aquatic feedstocks like kelp and other algae. R&D to
date suggests the situation is not encouraging for the near future.
There 1is a need for technical development of cultivation and harvesting
methods. Suitable varieties of algae must be investigated and their
growth requirements evaluated. The anaeroblc digestion process, which
is generally considered the most appropriate for conversion of aquatie
feedstocks to fuel, wust be proven feasible, especially for high salt
substrates. Further, the process can become economical only if by-
products such as food, livestock supplement and chemicals are marketable
as well. Due to the technological advancements required and the high
costs of the system, energy from aquatic biomass (kelp and other algae)
will not be a viable energy source in Hawali for the foreseeable future
and will not be iIncluded in the energy supply scenarios for the Hawaii
Integrated Energy Assessment.
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