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LIQUID BIOFUELS AS A DEVELOPMENT TOOL
IN LATIN AMERICAN AGRICULTURE

I. DEFINING A DEVELOPMENT STRATEGY

This Paper presents a policy analysis to explore a distinct
interpretation of issues in the vital inter-sector relation-
snip of energy and agriculture. Bioenergy to power a sustain-
able agriculture, ang beyond, is seen as a viable possibility
in response to often contradictory goals of both sectors. The
greatest critical energy needs in agriculture have been long
identified as fertilizer and fuels.(26) Thus bioenergy, in
the form of fuels and fertilizer, becomes a crucial target
for development,

This Paper will examine large and small scales of liquid bio-
fuel production and the -potential of Latin America small
farms not only to contribute to fuel and fertilizer supply
but to participate more broadly in rural economic develop-
ment.

A. The Biofuel Production Approach

The present set of general bioenergy options, such as
fuelwood stoves, charcoal, biogas and woodfuel forestry
are a response to immediate needs of resource-poor rural
areas to prolong the use of traditional fuels. Fuelwood
forestry projects serve conservation as well as building
traditional fuel resources. After Years of fuelwood stove
developmert, fruits from the effort may yet emerge
through mass production of finished products affordable
by most rural and urban poor. This market approach to
dissemination of a technology assumes that people are
motivated to conserve because of implicit/explicit incen-
tive to reduce labor or cash expense over time. For the
rural sector and the urban poor, such a development
approach is valid and imperative. Nationally, moreover,
many Latin American countries are confronted with costly
oil imports, the effect of which is to make alternative
energy supply (especially gasoline, kerosene and fertil-
izers) for the rural sectors either very expensive or
inaccessible,

While conservation-oriented woodfuel development miti-
gates the degradation of natural resources, the scope of
effort has not included the potential generation of
alternative liquid fuels. To this time, such production-
oriented development of liquid fuels generally has been
pursued in the domain of petroleum exploration and large
scale plznts which convert different feestocks (e.g.,
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wood or sugar cane). Those Latin American countries which
can not currently provide enough liquid fuels have in-
creased imports, reflecting national desire for energy to
spur development. Therefore this paper presents an alter-
native production-oriented strategy, for agriculturally-
based liguid biofuel development. To arrive at an ap-
proach for analysis, the existing national programs of
China and Brazil are examined and synthesized below.

1. The Chinese Experience

Biogas production is a major accomplished fact in
China, brought about through long-term policies which
have shaped today's results. Detailed studies by
Taylor and others document the past and point to
corrections for future development (3), (4), (5). To
define the development approach for this analysis,
scveral salient aspects of the Chinese program are
considered:

® Multi-product priorities: From the beginning, the
drive for sanitation and health was combined with
biogas production. Thus the technology development
accomodated both goals.

® Multiple-scale conversion: The so-called "standing
on two legs" policy gave small-scale systems pri-
ority to ensure widespread rural supply of useful
energy in shorter lead times. This was true espe-
cially where fuel was difficult to transport or
not available. Large scale systems, then, devel-
oped to serve industry/urban sectors.

® Added family energy usage: While regional needs
vary from north to south, family size biodigestors
provide about two thirds of the fuel required by a
family, including cooking and 1lighting. With
extensive, government sponsored, training for
construction and operation, the program yielded 6
to 7 million installed family size biodigesters by
1980.

® Local financial support: With indirect subsidies,
the government makes loans to family farms provid-
ing local labor. Large digestors are government
operated and linked with direct subsidy.

® Increased agricultural productivity: Use of manure
or the by-product slurry of biogas for organic
fertilizer increases yield per hectare and conse-
quently contributes to sustaining food production
through soil conservation. .



® Response to fuel wood crisis: Development of
methane gas as a higher form of bioenergy was an
integrated response to the severe shortage of
traditional fuels and the corollary need to con-
serve soil from the resulting deforestation.

The Chinese experience is unique and other developing
countries (including India) may not choose, or be
able to replicate, the policies needed for similar
results. In addition, the limited biofuel in-sity
use, high transport cost, intensive labor and manage-
ment, feedstock mix requirements and limited end-use
options work against national initiatives to produce
biogas as a replacement for fuelwood.

The Brazilian Experience

Ethanol production in Brazil is a long-term national
program where current achievements stand in contrast
to the Chinese experience. From assessments by the
Brazilians and reports from others (6), (7), (8),
attention is given to aspects which are germane to
this analysis:

® Single product priority: Ethanol production for
substitution of petroleum was initiated to direct-
ly utilize existing sugar processing capacity, and
to compensate for low export sugar prices.

® Large scale conversions: The existence of large
sugar facilities for ethanol feedstock prepara-
tion, controlled crop production, and the well-
known conversion economics of distillation plants,
all dictated an industrial approach to national
bio-energ:, development.

© Plantation Employment: Ircome in the rural areas
is dependent upon plant location for available
employment and also distiller-controlled 1labor
requirements.

® Government Investment Financing: Incentives for
private ethanol plant development included under-
writing the great majority of total investments
(Phase II- development will eventually phase out -
government subsidy).

® Monoculture crop production: The intensive devel-
opment of sugar cane to produce ethanol conflicts
with overall agricultural food production for
domestic supply or export by competing for the
same prime land.



® Response to petroleum import: High value pPlaced
on foreign exchange, and the desire for independ-
ent fuel supply to reduce the exchange drain,
justified major development in ethanol.

Ethanol is a flexible fuel with broad applications
and market opportunities as demonstrated in Brazil,
with 85% of vehicles in the production fleet using
alcohol (10). Unique Brazilian circumstances which
emphasize large industrial production present a clear
contrast with Chinese development, however, especial-
ly the conflict with agriculture production, lack of
small farmer participation and high feedstock, trans-
port and distribution costs. :

Synthesis

Increased agricultural productivity is a general goal
within which the possibility of liquid biofuel pro-
duction is being examined. Therefore, in keeping with
the "standing on two legs" Chinese rural economic
developmenrt policy, with priority on training for
widespread small farm capability, this analysis
interposes the adoption of ligquid biofuel production
in lieu of biogas, specifically ethanol and vegetable
oil from sugars/starches and oilseed crops. Such an
interposition raises policy issues which are distinct
from development of large industrial conversion faci-
lities. It is assumed here that large facilities will
be judged economically viable based on assessment of
urban and transportation sector demand, along with
demand for industrial chemical feedscock. The extent
to which small farm liquid biofuel production may
contribute within, or beyond, “he rural sector will
be analyzed in this Paper.

Crucial factors for any policy initiative about small
farms are: formation of new farm income to support
investments and rural economic development; and an
alignment of national, community and household inter-
ests. Taking into account the socio-cultural Aiffer-
ences of the Chinese program, their poclicy support
structure of training, decentralized private enter-
prise and soft loans which yield increased marketable
outputs while meeting private demands first, is a
development approach which merits Latin America's
critical review for close adaptation.

Brazil recognized that the economic drain of oil
imports required creating an indigenous, sustainable
fuel supply. This objective is shared by many Latin
American countries. However, development policy



should account for potential farm import substitution
of not only petrocleum, but also fertilizer, animal
feed, chemical feedstock, and kerosene fuel.

In China, utilized by-products increase agricultural
productivity, sustain the soil and remove health
hazards; in Brazil, by-products are generally util-
ized but agricultural production is threatened by
mono-crop takeover of prime soil. The next section
presents a generalized small farm model to illustrate
one potential system which integrates certain aspects
of China's and Brazil's respective visions and accom-
plishments. '

Food and Liquid Biofuel Farming

For many years, the food vs fuel issue in asvelopment has
stifled serious progress in bioenergy production. Great
emphasis is given to research and development of cellu-
lose as a feedstock, thus bypassing the so called threat '
to focd production at a time when increased food output
is urgently needed in many developing countries. The
issue was conceptually borne from the macro-economic,
mono-culture crop and industrial approach tc urban sector
supply as analyzed by FAO in 1980(2). Strong cautions
were certainly Jjustified, given knowledge of existing
large scale sugar/starch crops (primariy sugarcane and
cassava) and large scale back-fitting of sugar plants for
ethanol production. Such economic pressure threatens the
loss of prime agricultural 1land to liquid biofuels.
Nevertheless, for many Latin American countries, espe-
cially those listed in Table 1 (See next section), both
ethanol and vegetable o0ils remain a potential alternative
to petroleum fuel. More importantly, economic analysis of -
Systems which seeks net encrgy ratios (NER) greater than
Oone are irrelevant to production systems based only on
bioenergy. (10) Development of liquid biofuels systems
may therefore advance for national socio-economic reasons
other than reduction of oil imports and without the con-

straint about being price competitive with gasoline. :.%
national decision-makers must also know the cost of . ...~
sidy (plus social overhead investment) and whether . .2

development value justifies the cost.

Minimum farm size for on-farm preparation and conversion
to liquid bio-fuels is established for this analysis as
11.5 hectares. Production capability and output capacity
is analyzed with systems of 180 to 600 litres/day for
different cases. Farms larger than 11.5 hectares are
pPresumed to have equivalent opportunities for installa-
tion of similar systems. Large, modern industrial farm
systems to produce ethansl are analyzed at an output
capacity range of 120,000 to 150,006 litres/day.



To establish the material, land, labor and ccst base for
the small farm, an @xample drawn by Goering (11) will be
used to simulate conditions for this analysis. Given
farmer preferences to produce secure food supply (even if
market outlets for cassava are constrained by price
vagaries), Goering analyzes cropping systems which pro-
vide a popular assortment of crops for home consumption,
with the balance allocated to commercial use. Citing work
in Central America (CATIE, Costa Rica), small farm condi-
tions were simulated for typical farming methods/equip-
ment with different combinations of intercropping to
maximize nutritional balance and net returns per
hectare. The top systems were measured in terms of net
income/ha, 1lowest 1labor requirements,’ha and highest
ratios of gross value to ‘labor cost. If cassava yields
are assumed to be 10~25 tons/ha, and maize with yields of
1-2 tons/ha is intercropped with beans, about one-half
hectare diverted to the family would provide annual
calorie and protein needs.

Since a family of five adults would not be likely to
consume more than two tons of cassava annually (at high
levels of 1000 calories daily), the remaining tons of
cassava would be available to prepare for ethanol conver-
sion. One ton of cassava may produce over 150 litres,
therefore potential production of 190 proof ethanol at
the (11.5 ha.) farm gate is 16,500 to 41,250 litres.
Yields of particular systems would vary from place to
Place, but the results, which are typical over a wide
range of small farm situations in Latin America, suggest
that root crops as energy source also can create good
economic returns.

Latin America/Caribbean Context: Sugar Export and Energy

ImEorts

In the past several years, traditional sugar exporting
countries in Latin BAmerica and the Caribbean have
suffered permanent set backs due to competitive non-
caloric sweeteners, high fructose corn syrup and U.S.
import restrictions. Table No. 1 shows that many of these
countries are also net oil importers. At a region-wide
OAS technical meeting, estimates of potential ethanol
production from 25 existing sugar plants in Central
America and the (aribbean ranged from 127-160 million
gallons per year (i2). A strong rationale therefore
exists tc J{ollow the precedent set by Brazil, but the
following analysic will attempt to examine the potential
socio-economic ! . it opportunity cost of not pursuing a

“complementary small scase develupment strategy to produce

liquid biofuels.



Table No. 1
m EXPORTING COUNTRIES OF LATIN AMERICA ANG THE CARIBBEAN THAT ARE NET OIL ImPORTERS

FOREICA DERTA 0IL SMPORTS , DEBT SERVICE SUCAR EXPORTS SUGRR EXPOETS/
siditens of us$ @\ 11ions of US$ COEFFICIENT (X)° ailliens of ust T01AL EXPORTS
percentases
1973 1980 1982 1970 1978 1942 1978 1982 Change 1979 1978 1%e2 1970 1973 1982
TRAL AMERICA
ta Me2 0.9 2.2% 2.4 20.0 166.0 1687 2.3 Q. 79.9 10.0 5.8 64.2 .3 1.7 2.7
Salvader .3) ©o.¢s 0.8 15.0 7.0 143.3 2.8 1.6 278.6 7.0 19.¢ 16.3 3.0 3.0 2.2
temaly 0.39 8.n0 .82 13.0 179.0 184.2 2.2 8.9 Bl .8 9.6 64,0 26.9% 3.8 5.8 2.0
as 9.7 1.41 ).%Q 17.0 EY N ] 167.0 6.7 4.0 48.% 2.8 ¢.0 22.) 1) .0 b I )
Aragua 6.9 2.09 .80 18.0 $3.0 148 .18 13.8 66.0 9.2 10.0 a%.8 14.3 5.6 3.3 3.8
.29 2.3 2.82 9.7 2.2 384,18 32.8 13.8  -sa.§ 6. 20.4 23.7 s.e 7.9 6.4
stal 3.62  9.59 11.s¢ 163.7 7N3.0 1,062.) s1.1 1650 .0 1699 157.3
188€AN
8.8 0.4 8.20 a.9 25.9 1.2 2.8 5.9 43%.? 16.0 22.0 0.0 449.8 n.¢ 13.¢
cs 1.08 1.9 1.8) 6.0 210.0 19,3 16.2 3160.6 §0.9 3.9 63.0 7.7 9.8 9.2 6.t
inican Rep. 1.0) 1.60 .82 93.3 13e.0 327.8 0.9 16.? 07.¢ 104.3 1.6 202.% 408.6 2.8 29,0
otal .13 L1 Ls) e.o 69.9 7793 22.9 2.3 15€.6  232.5  3ss.)
T AMERICA
tina 22.22  32.2¢  S5.e9 172.0 020 162.4 .6 Mo  In.e 1.0 6.0 $9.0 0.7 N ..
n 4.0 6,00 “w2. 20 M. 3,934,090 10.,8/R.0 §9.3 m.2 11.¢ 122.9 150.0 326.4 q.6 2.8 ).
ombia q.40 8.29 18.30 n.d. 184.0 23).¢ 88.3 13,9 130.0 4.0 2%.0 5¢.3 1.8 9.7 2.
v 7.13  s.84  16.% %0 1340 n.d. ...} €3.8 2.8 5.9 as._e 2.0 6. 1.3 °.
tetal 70.13  123.35 140.3% 929.0 5,186.0 11,273.4 136.5  276.2 218,06 a0 ase.?
AL 79.80 136.00 1%88.84 1,206.7 6.,252.2 1),19%.2 278.% §08.2 919.0 8580.9 991.2

Oett repayable in foretqn exchanee with maturities of over one year, contracted by public agencles or by privale deencles wilh goverrnment guarantee.
Rat:c of foreign dedl service Lo exporls value.

L(cc: OAS, bascd o IDS, IMF and FAD data.
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II.

DEVELOPMENT OF LIQUID BIOFUELS
Economic Analysis of Strategy Options

Several related aspects of liquid biofuel production are
strong determinants of any national development struc-
ture. In order to analyze the economic impact of these
aspects, a model has been developed for this paper,
adapted from original work by Tadwalkar (15). This analy-
Sis is not intended to be exhaustive nor seminal, but it
does examine a broader view of indigenous energy resource
development in the context of agricultural goals for
higher food pProductivity,

1. Feedstock Crops

Three crop: have een chosen for illustration because
of several distinct characteristics. These are sugar
cane (cellulosic sugar), cassava (starch); and the
sunflowexr (o0il seud).

Choice of feedstock determines whether the benefits
of crcp production give advantage to large scale pro-
ducers (as in sugar cane, -because there exists an
efficient, controlled crop production, with predict-
able income to large distillers): or small-scale pro-
ducers as well as large scale producers (as is the
case with cassava and sunflowers). The choice of
feedstock also has an effect on the region of the
country which develops further. Production of ethanol
from cassava is practical in pPlaces where the soil is
not suitable for sugarcane. Sunflower production is
well suited for dry areas.

Cassava is a widely used subsistance food crop. Sugar
cane and sunflowers have extensive commercial and
export markets. In some countries, cassava is also
exported. Their alternate use in producing ethanol is
determined by supply, demand, and price in the inter-
national market of the raw material as compared with
the value of the biofuel produced.

Sugar cane is commonly cited as a superior crop
because the bagasse residue may be used as fuel for
the distillation process. However, this condition
does not penalize cassava or sunflower since, for
small scale production, energy required for conver-
sion may also be a bioenergy source in the form of
wood (gasifiers), charcoal, direct solar radiation,
or in the case of cassava, the stalks may be utilized
for energy in similar fashion as bagasse (22).



Crop vield per hectare has little effect on the effi-
ciency of production at an individual large scale
Plant. Since the plant is purchasing feedstock, it is
assumed that the individual plant can purchase the
required input fur efficient operation (this may not
be true for the nation as a whole). However, the
small scale production unit is farm specific. There-
fore, the yield per hectare, which determines the
amount of feedstock available for production into
ethanol or oil has an effect on the overall cost of
operations. The higher the yield, the more raw mate-
rial available and cost per unit of output declines,
making "a strong incentive for the sma.il farmer to
increase overall productivity.

2. Scale of Conversion Technology

Technical differences between large and small conver-
sion technologies greatly impact the system eco-
nomics, beginning with the type, cost, control and
location of the crop. Installation of small systems
can occur with short 1lead times, providing useful
energy to rural ¢veas. Small systems can be developed
with reliance on government (or commercial) soft
financing using local labor and many indigenous cons-
truction materials, and with less financial/adminis-
trative burden to the State for transporting gas,
0il, coal (and fertilizer) to rural areas,

In assessing the development of large or small
systems, different assumptions about--feedstock cost
and the volume of secure feedstock sources, in terms
of hectares required, have a potentially large impact
on the national economy. According to Phillips (9),
small farmers growir cassava (Mandioca) in Brazilian
fields ranging from 10 to 50 hectares, have suffi-
cient gross margin income on cassava production, and
most likely could be induced to grow crops to produce
ethanol. On the other hand, an industrial plant with
minimum capacity of 120,900 litres/day (@ 300 days
per year) needs a cassava harvesting area of about
11,600 hectares. This compares with 6,250 hectares
for an an equivalent (@ 200 days/year) sugar cane
plant; or with 10,700 hectares for an improved
180,000 1litres/days (@ 200 days/year) combination
cane and cassava plant.]

1 Instituto Mana de Technologia, Brazil.



The 1lack of wide experience for construction and
operation of small 1liquid biofuel systems is also
true for large industrial cassava distilleries.
Except for Brazil, which has manufacturing capability
for large scale systems, most Latin American ccun-
tries must import the engineering skills and techno-
logy to install ‘industrial ethanol conversion
systems. Such imports can account for a majority of
capital costs which exceed (outside Brazil) us $15
millions (10). While initial small processing systems
may also be imported, a government-induced demand for
purchasers could justify establishment of domestic
equipment mass-production manufacturing capability
(and chemicals) combined with programs of research
and development.

Reduction of o0il imports is a prime national motive
for Latin American countries to establish domestic
liquid biofuel production. 0il imports are largely
consumed in the urban and industrial sectors, with a
small but critical percentage used in the rural/agri-
cultural sector. In many Latin American countries,
however, there is an equal national motive to reduce
fuelwood use, to increase agricultural productivity
and to stimulate rural economic development.

Quality of Final Product

While most production technologies envision the main
end use for a fuel alcohol in its anhydrous state,
there are fuel applications which do not require
anhydrous (100%) alcohol. Regardless of the process
used to produce alcohol, the fina) processing (azeo-
tropic distillation) of the product by distillation
bears a significant portion of the capital and oper-
ating costs. For large scale systems the relative
cost of final processing may be smaller, but the
absolute cost for small scale systems is prohibi-
tive. Using ethanol in the 150°-190° proof range is
well suited for many rural and urban uses and many
are currently being supplied by wood or wood pro-
ducts.

Just as woodstoves are viewed as a demand management
ool complementing long-term tree supply (1), ethanol
is a potential kerosene substitute biofuel for cook-
ing as a "demand management” tool to relieve ]pressure
on fuelwood use, and tc allow vulnerable long-term
tree planting greater possibility for success. Such
biofuel would be a rurally-produced local supply.



Because of its flexibility and efficiency, kerosene
is a highly desirable cooking and heating fuel. If
alcohol, processed to over 50 percent alcohol/water
ratio (over 100 proof) can be produced on-farm at the
lower-end equivalent cost for kerosene or coal used
in a traditional stove (Table 2), then alcohol
becomes a possible direct substitute for coai and
kerosene. In fact, the actual price of alcohol might
be lower considering farmer-contributed labor or
free-good fuel.

In regions of Central American, for example, where
fuelwood is readily available as a free good, and
alcohol cost for cooking is not competitive, the free
good fuel may also provide energy for alcohol distil-
lation at a nominal cost. Where fuelwood is scarce
and high labor or cash cost is incurred, locally-
produced alcohol may be price competitive as cooking
fuel, given at least farmer-contributed labor for
plant operations and/or self-contained conversion
energy supply (See Operations Cost, Section 1II.
B.2.).

Alcohol can be utilized in a kerosene cooker with
- minor modification. The air-to-fuel mixture is dif-
ferent than kerosene, which is 18:1. 100 rercent
alcohol has an air-to-fuel ratio of 5:1. This means
that for the same heat value, the rate cof flow would
be faster for alcohol and requires more fuel to com-
bust. Therefore, the fuelport of a kerosene cooker
would need to be enlarged. )

75 percent (150 proof) alcohol, and up, is good burn-
able fuel for cooking, heating and lighting. For
equal volumes of 1liquid, the amount of water and
carbon dioxide formed at the heat of formation for
kerosene is 2.6 moles and 2.4 moles, respectively.
For alcohol, the water formed is 3 moles and carbon
dioxide, 2 moles. Thus, for equal liquid volumes,
kerosene has a higher Btu content and more carbon
dioxide by-product than alcohol. Because the heat
value of alcohol drops when the proof level drops.
separations up to 190 proof are most desirable.!

The cost of durable mass-produced, light weight and
portable liquid fuel cookers suitable for kerosene or
alcohol is a purchase that may be affordable to many
subsistence 1level rural or urban people if 1local
alcohol was being produced. (Clearly, the option of
supplying a liquid biofuel must assume simultaneois
capacity to produce the alcohoi at low cost locally).
Kerosene stoves are about twice as expensive as a

- 11 -



Table No. 2

COMPARATIVE OVERVIEW OF VARIOUS COOKING TECHNOLOGIES

Therms]
Joule converafon Puel coset Effective Effective Trensport
Fuel _ value effictency cost wood use coat 1/
(MI/kg) (%) ($/c3) ($/c1) (kg/n)) (§/c1/vm)
Wood 15 92/ 1-4 11.1-44.4 3y 0.58 0,067
20 &/ 3-15 5.0~20,0 3/ 0.26 :
Charcoal 28 20 2/ 4.3 15-75 3/ 1.66-0,88 5/ 0.036
30 &/ 20,6 1050 3/ 1.11-0.55 5/
Coal 30 30 4.3 14,3 3/ -— 0.033
Karossnc 42 30 2/ 6.2 20.6 3/ — 0.024
35 4/ 17.7 3/
Ethanol 27 3o 8.0 g/ 30 3/ 0.59 0,027
Mathanol 20 30 11.0 Y 3 0.3 0.03
Blogaes 20 7/ 60 2.35 3.9 3/ — o
Solar cooker
(flat plate) -— 20 - 78 - -—
Solar cooker
(focusing) _ 50 -— 4] -—_ -

Note: J = joule; M) = million Joules; GJ = gigajoule = 109 Joulaes

17 Cost of one ton-ka (§). 5/ Tharmal efficiency charcoal kiln, resp. 20 and 40%.
2/ Traditicnal, 6/ Sugarcans Braril,

3/ Coat of stove not tncluded. Z/ Ki/ad,

4/ 1laprovad.

Source: H. E. M. Stesssn and W. P. N, van Swaaij, “Energy Technologies for Rural Devalopment:
Processes end Applicetions,” Paper preparad for IIED, Draft, June 198j,

good charcoal brazier or about US$10 to 14.00 as
reported in Upper Volta in 1979, Butane or propane
and electric stoves are far more expensive (USS$52-~
120.00) and out of reach of the subsistence farmer
(24). A good economic woodstove (clay or ceramic) or
a metal woodstove may range in cost from USS$2 to
US$20 (1). This compares with a good kerosene cook
stove for USS$30 (25). Elegant engineering, as applied
to the development of woodfuel or charcoal stoves,
might produce appropriately designed alcohol equip-
ment at lower cost.

For ethanol production, output of fuel at 150°-190°
proof would appear to broaden the potential market
opportunities and range of applications for rural
use. On the other hand, refinement of vegetable oil
Processing by transesterification (See Section 1I.B.
A.) would also broaden the potential market for use
as diesel fuel. A gross breakdown of various gquality
outputs from ethanol and oil eonversion plants, shows
the Uverall potential use for liquid biofuels:

' calculations provided by Dr Aalfred Stiller, Department of
Chemical Engineering, University of West Virginia, U.S.A.
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e 200 probf alcohol - additive to gasoline

(anhydrous)
® 190 proof alcohol - direct use in gas
(hydrous) modified spark engine,
or in alcohol designed
engines.,
e 150-190 proof alcohol - direct use for kero-
(hydrous) sene-modified cook-
stoves, 1lighting and
heating, or in similar
alcohol designed pro-
ducts.
° ‘Transésterified oil - direct wuse in diesel
' engines.

4. By-Product Uses

Stillage from sugar or starch crop conversion, and
meal “rom oil seed conversion, are the main by-pro-
ducts and may be 10-13 times the volume per gallon of
ethanol or oil. These by-products are both problems
and opportunities, depending on how they are managed
and utilized.

Environmental pollution can be avoided and land pro-
ductivity can be increased by re-distribution of
stillage on the soil. In Brazil, Menezes reports that
use of sugar cane stillage as fertilizer at 30-40
tons/hetare may be applicable for cassava (23). From
the small ethanol case analyzed below (item II. B.
2.), a 11-12 hectare farm could distribute all
stillage from 247 tons of cassava at the rate of
about 40 tons/hectare, depending on planting rotation
or cycles. While there are costs for redistribution,
the application is a net credit against cost of pro-
duction and represents an organic soil conditioner
not previously available.

Use of stiliage as high protein feed is considered as
a by-product credit in most analyses of large indus-
trial conversion plants. By comparison, however, the
small farm is penalized, since the required drying
and processing equipment is too costly, or animals to
feed wet stillage are not available to take advantage
of such an application. In this arnalysis, therefore,
stillage as fertilizer is considered the main by=-pro-
duct use, since both large and small plants may claim



a valuable credit. It is assumed that such credit
could be higher if additional markets, such as. animal
feed, could be found.

Primary by-products from oilseed conversion are the
high fiber meal (de-hulled meal has higher percentage
protein) and soapstock (created during neutralization
with diluted NaOH and free fatty acids). The process-
ing waste water can be thinly redistributed as a soil
conditioner, but application costs may cancel out a
"fertilizer" credit. High fiber meal will store
easily for over two months and thus has a high poten-
tial market value (19).

Rural Income Formation

Modernization in a sustainable agriculture requires
reliable and economic access to fuel supply as a
priority. Locally-produced liquid biofuels can supply
fuels for machines. But to ensure new rural develop-
ment, installation of farm energy production techno-
logy must also promote higher farmer income. In-
creased income from increased small farm productivity
would provide farmers with maximum opportunity to
move from subsistence to modern status. If owning a
tractor is a- mark of socio-economic status, equal
status may accrue to small farmers who can supply
fuel to those who operate tractors. In the process,
on-farm human labor can be reallocated from fuel
gathering to fuel production, with the corollary
effects of increased savings and reduced migration to
urban areas.

Generally, small farmer income ceilings are deter-
mined first by the choice of crop grown. Modest
investments in gravity irrigation systems has in-
creased income from 10% to 500% by increased crop
yield, longer seasons and different labor-intensive
vegetable crops as reports on projects in Guatemala
have indicated (Embry, 1980) (41). However, even in
Guatemala, most small farms are not irrigated; and
where large irrigation systems do not reach, or where
gravity flow is not feasible, the availability of
locally-produced alcohol for stationary irrigation
pumping power (or vegetable o0ils for diesel) may
justify a prior investment in liquid biofuels and
feedstock crops which produce both food and fuel.
Furthermore, an irrigated farm producing biofuel-as-
cash-crop may generate enough income to justify
further investment in wind or photovoltaic pumping
technology, releasing more fuzl used on-farm for the
market.



From the subsistance farmers point of view, outcide
credit assistance is difficult to secure, and there
are few other options for "boot strapping” out of the
condition. Little surplus money is available even
when farmers .work part-time or seasonally for 1local
markets. In the many areas where free-good fuel
(mainly wood and dung) is depleted, this condition
stifles markets for efficient wood stoves or fuel
substitutions which require cash purchase of equip-
ment without ensuring ready supply of fuel. Even man-
agement processes that increase feed protein and con-
dition soil, although labor intensive with available
materials, will not geuerate a new market unless the
farmer perceives a direct relation to increasing the
margin of income. With clear cash income potential,
the problems of payment arrears and loan defaults
could be alleviated.

The transitional farmer who has begun to mechanize
may find the credit required for capital investment
from local financial institutions. In this case,
decision criteria of lender and borrower to purchase
liquid biofuel production systems would be heavily
influenced by initial capital cost. New unfamiliar
preoducts, which cost more, are not likely to win
converts easily unless the increased benefits are
unambiguous and simple to adopt over a short period
of time. (The technology should avoid complicated
labor consuming effort to maintain and operate.)

For the larger modernized farmer, who is committed to
field 1labor ‘employment with tractors, irrigation
pumps, threshers, etc., the question of new invest-
ment may not depend so much on initial cost of equip~-
ment as on increased petroleum fuel prices--or poten-
tial interruption/cut-off of supply. The rationale
for investment may be long term benefits of lower
operating costs and self-contained production of use-
ful energy.

Comparative Production Cases

The economic analysis of liquid fuel production will com-
pare several operating paths based on different feed-
stocks. For all technical production processes, regard-
less of feedstock input, there will be four groups of
financial information, three will be cost and one will be
a credit. Cost items will include: Feedstock Costs,
Operating Costs and Capital Costs. The credit will be
associated with the by-products produced.



The first two plants will be modern alcohol plants (MAP)
where the feedstocks are sugar cane and cassava, both
grown as part of an integrated project to process into
anhydrous (100%) ethanol at the modern plant. Cost infor-
mation developed in these cases will be compared to
several hypothetical small scale plants producing hydrous
(90-95%) ethanol and transesterified oils.

Life of Plant

A uniform plant lifetime plant of 15 years is used. While
a 15 year life is longer than often assumed when evaluat-
ing small scale plants, a uniform plant life allows for a
consistent comparison between all cases.

Taxes and Subsidies

Because there is an attempt to isolate policy costs (in
the form of taxes and credits) and policy incentives (in
the form of subsidies) from true costs, these costs/
credits are not considered in the cost data.

Capital Costs

Capital costs have hbeen computed into an amortization
using the following equation:

Annuity = I ———_____ where
o 1-(1+R)~Y

I = Initial Capital Investment
R = Discount rate
Y = Amortization Time (life of plant) in year

Because the Discount Rate is constant (10%) for all
cases, and the plant life (15 years) is also constant,

the annuity will be initial capital investment .1
or (.131) initial investment. 1-(1.7)°715

1. Large Industrial Plants (Ethanol)

The modern alcohol plants for sugarcane assumes an
operation production of 150,000 litres per day, oper-
ating 180 days per year; or an annual output of
27,000,000 litres a year.

Modern alcohol plant for cassava assumes an operation
production of 150,000 litres per day, operating 330
days per year; or an annual output of 49,500,000
litres a year.



Table 3
Ethanol Production Economics!
(0.S. § per litre)

Cassava Sugarcane
Distillery Distillery
Feedstock:
1. Cassava @ $33.3/ton2/ .226
2. Sugar Cane @ $13.Gétona/ .205
3. By-product credit b/ (.016) (.015)
4. Operating Costs:
Utilities, Enzymes,
Chemicals, Labor, :
Maintenance & Administration .091 .046
Capital Costs
5. 17 million dollars .045
6. 15.5 million dollars — 0.075
Total Cost/Litre .346 .31

@/ Includes value added tax (sugar cane) and social
tax (sugar cane and mandioca).

b/ pifference between the cost of direct application
of stillage as fertilizer and the credit from
sales of 96° CL ethanol and fusel oil.

1 Figures adopted from V. Yang and S.C. Trindade.
See Reference (22).

A comparison between the two MAPs shows that in both
cases final product cost is dominated by feedstock
cost. For cassava and sugar cane, feedstock cost
represents 62.7% and 61.3% respectively. When cassava
is the feedstock, operating costs are higher than
when sugar is the feedstock. This represents in part
the additional processing step of starch extraction
required for cassava; in part it reflects a lower
utility cost to process sugar because the bagasse is
used as a fuel. When cassava is the feedstock, total
capital cost is higher for the Plant, but capital
cost per liter is much lower. Because cassava -’ har-
vesting is less seasonal, it is possible to obtain
feedstock over a longer period of time. Therefore,
the plant can operate more days and has a higher
total capacity.



The relationship between cassava as the feedstock,
and lower capital cost per liter of output because
the plants can operate year round, is important when
compared to small scale ethanol production. The rela-
tionship between available feedstock, capacity utili-
zation, and capital cost per liter of output will be
highlighted.

Three Small Processing Plants (Ethanol)

Development of small scale, farmer-operated 190 proof
ethanol production systems is in its infancy. This is
particularly true in the developing world context.
The systems discussed below were all developed within
the U.S. All systems were developed with corn as the
intended feedstock, Like cassava and other starchy
tubers, corn and other grain crops require an injtial
starch conversion step. As pointed out by Badger
(20), this similarity makes systems developed in the
U.S5. adaptable to a Latin American country case where
cassava is the potential feedstock. In determining a
system's capital cost, 10% of the fixed cupital cost
was added for initial operating capital. Like the two
MAP systems, the life of the plant is assumed to be
15 years, and discount rate is assumed at 10%.

Assuming the same productivity per hectare as the MAP
system of 22.43 tons of cassava per hectare, and the
same conversion ratio of 147.06 liters of ethanol per
ton of cassava, the yield of ethanol per hectare of
cassava is 3,300 liters. Therefore, these systems
represent 11 hectares of production.

The first "Long-life" system was developed by the
U.S5. Tennessee Valley Authority (TVA). The system has
a capacity of 6 gallons per hour or 181.69 liters per
day. If operated 200 days, this system would produce
36,340 litres of 190 proof ethanol per year. The
capital cost is $95,700; with fixed capital being
$87,000. If 36,340 liters of ethanol were produced,
the capital cost per 1liter of ethanol would be
$.345. (20)

Associates in Rural Development have priced an
"Intermediate®™ system capable of producing 20 gallons
of 190 proof ethanol per hour (585.97 1liters per
day). If this system were operated for 62 days in a
year, it is capable of producing 36,340 liters in a
year. The capital cost is $56,595, with fixed capital
being $51,450. If 36,340 liters of ethanol were pro-
duced from this system, the capital cost per liter of
ethanol would be lowered to $.204 per liter. (21).



A "Basic" system with the same 20 gallon per hour
capacity as the intermediate system has a capital
cost of $12,650, with fixed capital being $11,500.
This used equipment system capital cost compares with
other used systems of similar production capacity.-
(21). For a small-scale system of uomparable output,
the USDA points out that "some pot stills may be
farmer built from miscellaneous materials with a cost
that may vary from a few thousand to $10,000. However
commercial plants...are expected to cost about
$15,000 for major parts with an additional $10,000
required for storage tanks....".! If operated like
the above system, the capital cost per liter of
ethanol would be further lowered to $.045 per liter.
This last case has a capital cost per liter of pro-
duction which 1is the same as the cassava MAP
(although the MAP 1is producing anhydrous ethanol,
while the small scale system produces 190 proof
ethanol).

Data suggests that the plant life for the interme-
diate and basic systems should be more realistically
estimated to be ten years and five years respective-
ly. Assuming the same annual production figures as
above, a discount rate of 10%, and new plant lives,
the capital costs per liter of ethanol becomes $.254
and $.092 respectively.

Hypothetical small-scale systems.

An actempt is made below to construct the cost per
liter of hydrous ethanol produced in two small-scale °
systems.

Feedstock'Cost.

The feedstock price used in the MAP/Cassava system
discussed earlier is $33.30 per ton (22). This price
includes a Brazillian social tax on cassava roots,
and an implicit transportation cost which farmers
producing their own feedstock would not incur.
Phillips points out that an advantage of cassava as a
feedstock is that it can be harvested throughout the
year. However, harvesting currently follows a season-
al pattern. "This seasonal harvesting suggests that a
mandioca distillery will probably have to offer price

USDA. Small-Scale Fuel Alcohol Production, Washington,
DoCo A MarCh,, 19800




incentives during thoss months when mandioca is not

normaily supplied..." (9). Because the feedstock
price constitutes such a large portiorn of the esti-
mated costs, there exists high serrsitivy of alcohol
production costs to egricultural feedstock costs. a
decline of feedstock cost of 10% (from $33.30 per ton
to 3§30 per ton) reduces feedstock cost from $.226 per
liter $.204.

By-Product Credit.

The feedstock credit used in the MAP/Cassava system
is $.016 per liter. The model's authors point out
that although by-product credits appear small, "the
raw stillage was valued mainly as a mineral fertil-
izer substitute."” (22) As this analysis is concerned
with the fertilizer use of the stillage on-farm, thisc
is a useful value.

Operating Costs

Operating costs taken from the MAP/Cassava system
include Enzymes, Chemicals, Utilities, Labor, Main-
tenance and Administration. This total cost is $.091
per liter of production. The largest portion of this
cost is for utilities. As %he model's authors point
out "large energy consumption is incurred, especiallv
in the distillation step. In sugar cane based distil—
leries, bagasse availability 1is adequate to provicde
energy self-sufficiency. The situation in Mandioca
distilleries is different due to the absence of
"Bagasse” if only the starchy roots are processed.
However, if total Mandioca harvesting is practiced,
the stalks may be a source of erergy" (22). Farmers
who harvest roots and stalks will experience =ome
utility savings (Note the difference in operating
costs of the sugar and cassava MAPs.). Althcuigh the
small systems are less energy efficient than Map
systems, the increased eénergy cost should at leaszt be
vffset by the use of cassava stalks as fuel. Advauced
small scale vacuum-distillation systems reduce tempe-
rature requirements where standard solar energy flat
plate collectors can supply process heat. Also, when
woodfuel is available, gasifiers may be well utilized
(See Areas for Natiovnal Research, Section IV. B.3.),
Other operating costs should remain the same per unit
‘of production (labor cost, although small, would
likely be met by existing family farm labor.). There-
fore, the same operating costs of $.091 per litre is
used for the small scale system.
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Capital Cost

As pointed out above, with realistic plant lives of
10 and 5 years respectively, the capital cost per
litre produced are $.254 and $.092, respectively.

Comparative Economic Summary (Ethanol)

Using the three systems below in Table 4, the MAP is
capable of producing anhydrous ethanol at $.346 per
litre; the intermediate system produces hydrous
ethanol at $.533 per litre; while the basic system
produces hydrous ethanol at $.403 per 1litre. The
MAP/Cassava system produces 150,000 litres per day
with an annual output of 49,500,000 litres and a
total capital cost of $17 miilion. The small scale
systems produce 586 litres per day with an annual
output of 36,340 litres and capital cost of $56,595
and $12,650. While the output of the MAP system is
equal to the output of 1362 small scale systems, the
capital cost of the MAP is equivalent to the total
capital cost of 300 intermediate systems and 1344
basic systems. Under these circumstances a choice to
develop small scale conversion technology involves: a
switch from anhydrous ethanol to hydrous ethanol; a
decreased output to 38,593,080 litres of ethanol
annually in the intermediate system's case and a
decrease cf 654,120 litres of ethanol annually in the
basic system case; and ai. increase in price per litre
of ethanol from $.346 to $.533 or $.403 respectively.

Stillage is a product of the production of ethanol.
In the MAP system 519,750 tons cof stillage are pro-
duced. In cthe small scale systems 381 tons of still-
ag. are produced {at 10.5 tons per m3 ethanol, See
Reference 22).

The MAP system mak s use of approximateiy 12,000 ha.
Of production (cee II, * 2) while +he small-scale
systems make us2 ol 11 Ha. of oproducticn. If the
stillage is used as a fertilizer there would be 43.3
tons per hectare available in the MAP case and 34.64
tons per hectare in the small-scale case.

The costs associated with producing ethanol can be
compared with the price of gasoline. The current New
York wholesale price for gasoline is 17 cents per
litre (the Wall Street Journal, January 9, 1985),
This translates to a farm~-gate price of approximately
22 cents. On an energy content basis, the figures are
as follows: gasoline, $6.82/MMBTU; MAP ethanol
$16.33/MMBTU; intermediate system ethanol, $25.16/
MMBTU; and basic system e=than3l, $19,02/MMBTU. There-
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Table 4

Comparative Production Costs

Intermediate Basic/
MAP/Cassava, Cassava, Cassava,
$ per litre $ per litre $ per litre
Feedstock . 226 .204 204
By-prcduct Credit (.016) (.016) (.016)
Operating Cost .091 . 091 .091
Capital Cost .045 .254 .092
Total Production Cost .36 .414 .403
$/MMBTU 16.33 25.16 19.02

fore, on an energy content basic costs differ roughly
by factors of 2.4 for the MAP, 3.7 for the interme-
diate system; and 2.8 for the basic system.

1

Two Small Processihg Plants (Oilseed)

In addition to alcohol from sugarcane, cassava, corn,
or other biomass source, liquid fuel can be produced
from oilseeds. Common oilseeds include soybeans,
rapeseed, safflower, and sunflower. This section will
depict the technology and economics of oil production
from sunflower, although the results would likely be
quite similar if other oilseeds were used. Sunflower
was chosen because it grows under a wide range of
conditions and because much experimental work and
economic analysis has been done on sunflower oil pro-
duction and use as a liquid fuel.

Technology

Sunflower oil is removed from the sunflower seed by
press. - or solvent extraction or a cc..-ination of
the two. The residual sunflower cake is high in pro-
tein and valuable as a protein supplement in animal
feed rations.

The sunflower oil plants incorporate a transesterifi-
cation step in the oil-refining process. In this step
the glycerol component of the fatty acid esters that
are the o0il's principal mol=cular components are
replaced with methanol or ethanol moledules. The
transesterified, refined sunflower oil (TRSO) has a
much lower viscosity than unreacted, refined sun-
flower oil (RSO). It is nearly the same as standard
No. 2 diesel fuel. The crude sunflower oil is fil-
tered, degummed, dried, and neutralized prior to the
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transesterification step. Then it is washed to remove
residual sodium hydroxide (and coapstock) and dried
again before storage. Sunflower seed is approximately
50 percent oil, and each hundredweight (cwt.) vields
about 4.7-5.0 gallons of o0il in small plants.

Cost of production

In this analysis we will consider two small scale
sunflower cil plants operating in the United States,
The plants are sized at 31,000 liters/year requiring
55 hectares for feedstock, and 1,135,000 litres/year
requiring 1878 hectares for feedstock. The smaller
plant is comparable in size to the small ethanol
plant discussed previously and operates 125 days per
year. The larger plant is not large enough to be con-
sidered standard commercial size, but the size does
capture many of the economies of scale of large com-
mercial plants. The total capital costs for the two
pPlants are $161,600 and $907,000 respectively (19).
Total production costs for the two plants are pro-
vided in Table 5. Because of economies of scale and
the lower utilization rate of the smaller plant, sun-
flower o0il is more than twice as expensive from the
smaller plant than the larger one. The two costs are
$1.22/1itre. and $.53/litre. If the utilization rate
of the small plant could be increased, the unit capi-
tal cost would fall. In this way, the oilseed plant
has a similar relationship with the small alcohol
Plant (See also Appendix 1). However, because of
inherent economies of scale in the larger plant, the
small plant capital ccst would not fall to the level
of the large plant. All capital costs are calculated
with a real discount rate of 5 percent. With 6 per-
cent inflation, that rate translates to a nominal
discount rate of approximately 11 percent. The small
and larce plants are assumed to have lives of 10 and
15 yea:: respectively.

Table 5
Sunflo.er 0il Production Costs

Cost Item Small Plant Larger Plants
Capital cost .67 .08
Feedstock .62 .58
Labor .10 .04
Other inputs .09 .08
By-product .26 25
credit

$/litre 1.22 .53
$/MMBTU 37.54 16.31

Source: Reining and Tyner (17)
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The current cost of diesel fuel in New York (The wall
Street Journal, January 9, 1985) is 19 cents/litres
or $5.15/MMBTU. At the farm gate, this translates to
about 25 cents/litre. Hence, sunflower oil is between
two or three times as expensive as diesel fuel at
current prices and costs. These values are at market
prices and costs, excluding taxes, and do not con-
sider any shadow pricing of labor or other inputs, as
might be appropriate for some developing countries.

It is possible to develop shadow pricing for labor
and other inputs based on a comparison between alco-
hol plants in Brazil and the United States. Operating
costs, which include labor and other inputs, between
Brazil and the United States have a ratio of about 9
to 13. Although the shadow price for feedstock may
produce a lower figure, it iz difficult to determine
what that figure might be; therefore capital cost,
feedstock cost and by-product credit will remain as
listed above. Directly comparing the sunflower plants
(with shadow prices) with the small-scale al cohol
plants developed previously, the sunflower cost, in
every case, 1is lower than the alcohol cost, although
not by much. (See Table 6).

Table 6
Comparison of Sunflower 0il (Shadow Priced) and
Alcohol Production Costs

Sunflower Alcohol

Cost Item Small Large MAP Intermediate!| Basic
Feedstock .62 .58 «226 .204 .204
By-f?oduct Credit| (.26)| (.25)] (.016) {.016) (.016)
Operating Cost .13 .08 .091 .091 .091
Capital Cost .67 .08 .045 .254 .092
$/litre 1.16 .49 .346 .533 .403
$/MMBTU 35.69 [15.07 {16.33 25.16 19.02
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III. CONCLUSIONS AND POLICY IMPLICATIONS
Energy Supply Economics

From the foregoing analysis, the First important result to
point out is that none of the systems analyzed can produce
competitively with current gasoline and diesel fuel prices.
In Brazil, government Program investment up to 75-80% of
system cost for industrial distillation, along with generous
consumer incentives, has stimulated alcohol use in much of
the society. Primary goals are based on issues of national
security and fuel independence, not economic parity wi+-
petroleum fuel. However, still at issue is the question « :
both fuel and income distribution. Most of the alcohol pr. -
duced in Brazil is meant for automobiles owned by the richest
portion of the population. The poor generally use buses and
bicycles, Inccme, and land tenure, is concentrated to the
sugar/distillery plants.

The Central American and Caribbean countries listed in Table
7, and many South American countries, wouid need to consider
deeply whether to follow Brazil's development approach,
considering the subsidy cost and a potential negative impact
in the rural/agricultural sector. Nevertheless, for Latin
" American oil-importing countries, fuel indepenclence or
increased domestic liquid biofuel production appears worth
promoting at high cost if a substantial majority of invest-
ment is in domestic currency and the result has a positive
effect on balance of payments.

Biofuel Production Investments

This analysis, however, was not based on Brazil's approach
alone, but rather a synthesis with China's approach, acknow-
ledging the beneficial results of small scale production in
the rural sector.

Thus, a further conclusion from the above analysis is that
Latin American liquid biofuel development strategies should
include both large and small systems. Generally, large
systems supply urban industrial and transportation energy
demands, while small sSystems serve rural and agricultural
demands. However, an important alternative market for small
systems is to sell hydrous alcohol for upgrading to anhy-
drous, which only large plants can achieve economically.
There are technical problems associated with mixing different
alcohol proofs, but these are not insurmountable.

Costs for large plants in the U.S. and Brazil are well-known,

but other Latin American countries must import the engineer-
ing and technology, thus the cost in foreign exchange is
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increased. Investment iu small Ssystems may be distinctly
different. Since small Systems are very sensitive to capital
costs (See Appendix 2), establishment of nationally-based
mass~-production manufacturing capability would appear to be a
logical approach. 1Issues of energy efficiency and good
-quality control could be mitigated, and the economies of
mass-production may, with appropriate Latin American design,
reduce capital cost to approximate the basic small system
analyzed above. To illustrate the potential market for such
manufacturing investments, the large scale ethanol production
potential of the eight nations stipulated in Table 7 is com-
pared with an equal (and perhaps additional) collective pur-
chase of systems by small farmers. Included also is a compa-
rison of jobs generated by large distilleries as distinct
from self-employed fuel producing farmers.

In Brazil, installation of one sugar cane distillery with
120,000 1litre/day capacity (annual output of 24 million
litres) and 7,000 ha. dedicated for operations, is estimated
to sustain about 2400 people (600 direct jobs, 3 dependents
per worker, 0.3 indirect jobs per direct job). (6). Using the
basic system analyzed above to establish the equivalent
annual output of 24 million litres, about 660 farms with 11
or more hectares would need to be installed. Using the same
multipliers as for the large system, about 2600 people are
sustained by small system development. In addition, the small
System plant capacity of 660 farms is underutilized, and with
an increase from 11 to 20 hectares, and doubling operation
days (to 112), annual output almost could be doubled to 44
million litres with Plant capital cost reduced to $.057 per
litre. (See Appendix 1).

Referring to the Central American-Caribbean potential to
produce ethanol from existing sugar plants (Item I.D.), a
further comparison of the economic impact of small system
development may be seen from Table 7. For the same potential
ethanol production of 160 million gallons from 26 plants in
eight nations, an equivalent of 16,650 small scale basic
systems (as defined herein) could be installed. Development
of either 26 large systems or 16,650 small systems would
generate sustenance for about 65,000 people.

Estimated investments by the eight nations in Table 7 for
purchase of standardized annex-type distilleries is $227
million (at $7 to $9 million per plant). A replacement cost
credit for existing sugar mill capacity is estimated at $300
million (12). An equivalent total investment by small farmers
of $227 million would yield about 18,000 small scale (11.5
ha.) ethanol production systems with a potential annual out-
put of 173 million gallons (190 proof). It is important to
note that the above illustration does not represent a total
market potential for small systems, since in Jamaica alone,
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Table Ho. 7
ETHANOL PRODUCTION POTINTIAL IN CENTRAL AMTRICAY
AND CARIBEZAN COUNTRIES

HYPOTHESIS 1117

e

Ithanol Cane- Lang
No. of Capacity Days of Produc- Yield Reguire-

Country Distil- (1,000 Oper~ tion €1.039 rene

leraes gal) ation (1,000 | (1.2

gal)’ » hec)*
1 2 3 4 5 6
Costa Rica 3 32 200 19.200 1,200 17
Ll Salvedor 2 16 200 $.400 400 6
Gustemala 6 32 200 38,400 2,400 L1
Hondurss 3 32 200 19.200 1.200 17
Nicarsgua 3 32 200 19,200 1,200 17
Fanara 3 32 292 16.209 1,209 17
Subtotal 20 176 121,600 7.600 1¢9
Jaraica 2 2 3o 12,050 832 11
Dominicar. Rep. 4 2 230 23,600 1,600 23
Subtotal 6 64 34,400 2.422 k1]
pfory \ 26 242 162,000 10,023 133

8. (4) = (1)*(2)*(3)
b. An ¥T = 16 g»l.
€. A hactare = 70 M7 of cane

(* Days of operation variable: I = 150, II = 180, III = 200)
Source: OAS, see Reference 12

for example, ther$ are roughly 22,000 farmers with 5 to 100
hectares of land.

Stillage as a valuable by-product is not accounted for in the
production output listed in Table 7. The approximate volume
of stillage from 18,000 small scale systems would be 6.7
million tons (at 381 tons annually per system - See Item II.
B. 3.). Such added nutrient to the land is "significant when
viewed from the perspective of overall fertilizer use in
Latin America.

Agriculture Land Use and Productivity

- Of all the developing world, only Africa uses less fertilizer
(19.5 kg/ha.) on arable land and permanent crops. The Latin
American average of 36.7 kg/ha. is low compared to developed

1 Correspondance from USAID/Jamaica Mission Office
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world usage of 100-200 kg/ha.(13). In addition, the Latin
America production capacity to increase fertilizer usage is
lacking, and more than half of the fertilizer consumed is
imported. From Fig. 1, the overall deficit is about 3 million
nutrient tons.

Whole stillage from fermentation/distillation and meal from
oilseed processing, are considered most valuable in the
market place as animal feed, although for non-ruminents the
market appears limited. But the farm is a "market" too, and
for whole stillage which must be distributed or processed
quickly, fertilizer is a valuable alternative use. An analy-
€is of whole corn stillage, which is a starchy feedstock with
characteristics similar to cassava, shows it contains about
0.4% nitrogen and 0.07% pPhosphorus on a 92% moisture content.
Therefore, each ton of whole stillage would provide about 8§
pounds of nitrogen and 1.4 pounds of phosphorus (3.2 pounds
P20g5 basis) per ton (40) .

It is desirable for farmers to Separate whole stillage into
"distillers wet grains" and "thin stillage" by appropriate
farm methods of centrifuge or Screening and pressing. The
distillers wet grains are far easier to handle, store longer
and have higher value as animal feed. Thin stillage is not a
good feed product, but is a source of non-protein nitrogen
(NPN) similar to urea. Each acre-inch applied to land would
supply 115-320 pounds of nitrogen (40).

If animals are not available or no market exists, distillers
wet grains are more valuable as fertilizer. Using the above
corn analysis, distillers wet grains contain 1.4% nitrogen
and 0.13% phosphorus on a 70% moisture basis, furnishing 28
pounds of nitrogen and 2.6 pounds of phosphorus (6 pounds
P205) per ton. Tillage or discing after spreading signifi-
cantly reduces atmospheric losses of nitrogen.

For the eight nations reviewed in Table 7 therefore, 6.7
million tons of stillage nutrients added to the land could
receive a credit to the pProduction cost of either the large
or small scale development, considerably higher than allowed
in this analysis. The fertilizer import substitution should
be calculated, even in Costa Rica and E1 Salvador, where the
high consumption rate of 152 kg/ha. represents about 50 per-
cent imports in Costa Rica, and where the high consumption
rate of 122 kg/ha. in El1 Salvador is completely imported
(13).
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Figure 1

LATIN AMERICA: DEFICIT BETWEEN FERTILIZER PRODUCTION
AND CONSUNPTION, 1972/73 - 1982/83
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Irrigation systems and fertilizer applications both have
similar and complementary objectives of increasing soil fer-
tility and crop yield. Small biofuel system's production
costs are also very sensitive to crop yield, suggesting that
coordinated or combination investments in irrigation and
liquid biofuel production could have a significant impact on
reducing production cost per litre and on increasing overall
farm productivity.

With reference to the above: discussions, it has been suggest-
ed that only countries with agricutural self-sufficiency com-
bined with energy deficit could find justification for wide-
spread fermentation ethanol production or vegetable o0il pro-
duction. However, many Latin American countries, and espe-
cially the Caribbean, are not self-sufficient in food and



currently require much greater inputs of liquid fuels and
fertilizer for development of sustainable agriculture. Those
Latin American countries which import food for domestic needs
may recalculate the value of implementing biofuel production
systems.

Food and Fuel

At the small farm scale, food production can coexist with
liquid biofuel production. Development of small farm systems,
where income can be generated in divergent and dispersed
rural areas, would serve to counteract the negative income
distribution effects associated especially with larger sugar
cane distillation plants. 1In addition small systems do not
require prime land, as does sugar cane, and thus opportuni-
ties exist for agriculturally upgrading underutilized or
poorer quality land. Coexistance of food production for fami-
lies plus potential local markets for cash fuel crops and
by-product market alternatives would assure a rurally-based
transfer of wealth to small farm producers,

There are serious concerns and many view points about poten-
tial food price increases resulting from allocation of crop
land for energy production. Higher domestic food prices would
greatly effect the urban poor, and if high prices stimulated.
new or expanded food production, such a net effect could
result in a disincentive for migration to urban areas. On the
other hand; food prices would rise little if the quantity of
crop production can increase considerably in elastic response
to increased demand for crops to produce liquid biofuels. In
the short run, however, increased demand for crops to produce
energy may do little to stimulate production and therefore
could cause major price increases. This market reaction can
be anticipated, but over the long term increased agricultural
and 1liquid biofuel productivity, which generated diverse
ruraliy-based economic supply-demand activity, could also
serve to stabilize prices for food, fuel, feed and ferti-
lizer.

National Program Pelicies

The U.S. and Brazil provide two cogent example of commitment
to development of ethancl (no such case can yet be given for
oilseed development). In Brazil, Phase II Plans call for
agressive expansion of production capacity along with a shift
in the package of investments, taxes and subsidies. In the
U.S., federal government support for small scale systems
development, never large, has almost disappeared in terms of
direct loans, grants and technical assistance. However, a
federal tax exemptions, which amounts to U.s. $.50 subsidy
per gallon of ethanol, plus state tax exemptions (variable),
provides incentive for ethanol production and is a major
factor in the profitability of most plants (31),



Brazil's advocacy therefore, has resulted in increased
ethanol production and large rescarch programs even though
such production remains uneconomic compared to gasoline. The
same is also true of small plants. Making ethanol profitably
may be difficult or impossible if the small farmer is handi-
capped by high plant capitalization and finance charges per
litre output, ‘nefficient equipment and lack of integrated
product markets (31). They will be critically sensitive to
small variations in cost, revenue, tax incentives and the
selling price of food, fuel, and feed. When market forces are
permitted to operate, technology and product choices can have
a large impact. When market failures are encountered, taxes
and siLbsidies can and should be used to correct the condi-
tion.

Policy conclusions specific to each latin American country
are beyond the scope of this paper, but for Latin American
decision-makers, situations should be identified where liquid
biofuel production is suitable considering economic, cul-
tural, physical, technical and environmental factors.

IV. AREAS FOR NATIONAL RESEARCH
A. Indigenous Bio-Climatic and Land Use Characteristics

Population pressure in the developing world, and specif-
ically in the Central America/Caribbean region has
severely strained land resources to meet food needs,
Aside from social, economic, and institutional factors,
an FAO scientific assessment has, for the first time,
shown under different levels of agricultural inputs, the
size of populations that the agricultural land resources
can support. (44). The methodology computes ¢rop produc-
tion potential from agro-ecological zone analysis and
crop requirements, matched with soil and climatic inven-
tories. From the conclusions, it is clear that for coun-
tries with insufficient food for future population needs,
high levels of agricultural inputs are required to expand
agricultural productivity including: farm mechanization,
necessary fertilization and soil conservation, and cul-
tivation of high protein yielding crops on rainfed land.

Since land resources and climate also determine the
potential for bioenergy utilization, national policy
makers must be able to assess potential inputs to agri-
culture. More information/data for such assessments are
becoming available through the UNEP Global Environmental
Monitoring System (GEMS) and the recently 1initiated
UNEP/NASA Global Resources Information Database (GRID).
Geographically referenced information is essential for
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making national land use Plans and depends not only on
such satellite and digital storage methods, but on indi-
vidual national programs to inventory resources. Bio-
climatic data collection stations may become self sus-
tained operation and training centers to support the
scientific base for agricultural bioenergy development.,

Technology
1. Crops

Throughout this paper, emphasis has been placed on
cassava (or Mandioca) and sunflowers as liquid bio-
fuel feedstock crops. This is so because cassava is a
‘tropical crop widely used by rural subsistnce popul a-
tions and has physical characteristics amenable to
the production of at least four distinct on-farm pro-
ducts: food, fuel, feed and fertilizer (or, 4-F's).
Sunflowers are also widely grown, exported for oil/
seed and have the same general characteristics for
producing the 4-F's,

Cassava's starch base is also significant in terms of
technology and costs required to prepare feedstock
for conversion to 1liquid fuels. Starches may be
dissolved and fermented with on-farm equipment. With
improvements in yeasts and enzymatic hydrolysis, such
preparation methods could greatly improve the hand-
ling and quality of feedstock.

Ideally, however, research shculd be undertaken to
identify crops which satisfy the 4-F criteria and are
sugar-based, such as sweet sorghum and Jerusalem
Artichokes. Such crops would greatly reduce capitali-
zation and operating costs for feedstock processing.
Additional complementary research should be undep-
taken to identify intercropping potential with
Legumes which also have 4-F potential. Some 107
Legumes have already been evaluated for energy value
(42).

2, By~-Products

Feed and fertilizer are the pPrimary by-products
marketable off the small farm. In this paper, empha-
sis is given to fertilizer, since small farms must at
least have a productive means for disposal of stil-
lage. Further research is needed to determine the
full fertilizer nutrient value of whole stillage from
different potential crops. Also, additional separa-
tion of whole stillage into distillers wet grains and
distillers solubles (thin stillage) increases ease of
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handling and nutrient market value, so research is
needed to improve this potential on-farm process.

By-products need more research also in terms of their
alternative use as feed. Both meal from oilseeds and
stillage from sugar/starch crops currently have their
greatest economic value as protein supplement for
dairy cattle and other ruminents. Meal from oilseed,
has the advantage of easy storage for over two
months. Whole stillage from distillation will begin

‘molding after 1-2 days, whereas separation of water

content into distillers wet grains and thin stillage
allows storage for several weeks, depending on air-
tight conditions (40). Additional research is needed
in this area of storage and management of whole stil-
lage and distillers wet grains.

Small Systems

The cost, size and complexity of small scale ethanol
and vegetabie o0il production systems should be
reduced though research on technoclogy design. appro-
priate to Latin American countries. Continuous pro-
cessing of feedstock for both biofuel systems is also
a major research goal, which would allow systems to
operate more evenly throughout the year and thus
reduce capital cost with lower output capacity requi-
rements.

For oilseeds, the cost of de-~hulling equipment 1is
currently economical only wich large scale process-
ing. Further research reducing complexity and scale
would have a major impact on the protein quality of
the feed by-product, increasing its market value for
small farmers.

The energy balance for ethanol production has been a
significant issue. Recent emphasis on technological
changes in distillation have increased efficiency
through heat exchangers, use of waste heat, etc. But
the high temperature normally required for distilla-
tion is a prime barrier for reducing both capital and
operating costs - for small systems. Micro-scale
vacuum-distiller units that process from .75 to 4
gallons per hour using 140°-160° F heat for process~
ing are commercially available (Solargas, Inc.) Such
systems can readily utilize direct solar energy as
heat source. Further research on such systems is
needed for initial applications in remote areas vhere
self-contained low grade energy supply can substitute
for difficult or expensive conversion energy supply,
especially fuelwood.
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Generic Small Scale Project Identification Plan

For this generic plan, energy suppiy from the agricul-
tural sector is meant to satisfy & prioritized hierarchy
of users: first, small on~farm 2nergy needs; second off-
farm rural needs; third, urban sector needs; and fourth,
international export/trade needs. The project would
select typical existing small farms willing to serve as
pilots for implementing 1liguid biofuel technologies.
Critical to the success of this approach is the creation
of new sources of income to small farmers through new
food, fuel, feed and fertilizer outputs. Implementation
of the pilot farms selected would precede development of
a widespread network of farms that purchase and adopt the
pilot farm technologies, creating a network of farm ener-
gy producers.

1. Collection of Information and Data
a. Farm Energy Needs:

Statistics about energy usage by small farms are
important for .three reasons: one, to establish the
extent and natiure of current usages; two, to
establish the exten: of potential markets for
farmer purchase of renewable energy technologies/
services; and three, to identify the potential
markets for farm outputs. Example relationships of
eénergy usage to potential markets for farm output
are given below.

Household energy: cooking; heating; lighting.

Studies show that fuelwood, charcoal, and kerosene
are widely used. Kerosene is a preferred fuel for
convenience and flexibility, but is expensive, and
therefore represents a potential import substitu-
tion market for on-farm-produced 1low grade
alcohol. Small, decentralized electric generators
powered by renewable energy (e.q., stirling
engines, gasifiers may also be feasible).

Growing cycle energy: irrigation, Ploughing/plant-
ing, tertilizing; harvesting; dairy/livestock
feed.

Irrigated farms without other mechanization can
increase traditional crop yields, and therefore
farm income.
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Human labor can be replaced by tillers and trac-
tors to increase productivity in planting and har-
vesting if farm-produced fuel supply is available
to substitute for imported gas/oil.

By-product slurry from farm fuel production could
be marketed as high-protein dairy feed and organic
fertilizer, both important for increasing produc-
tivity and for energy import substitutions.

Conversion/Processing Support Energy: shaft power,

crop drying; storage/refrigeration; transport.

Food production iosses due to spoilage are report-
ed to be large. Drying/storage/refrigeration of
agricultural produce increases farm incone oppor-
tunities through normal food marketing channels
with value~added possibilities of conversion to
fuels, feed, and fertilizer.

Government Agricultural Support

Information on current policy and programs would

"be examined to discover the extent of direct and

indirect support for introduction, use, and main-
tenance of energy production in agriculture. Bila-
teral and multilateral assistance programs are of
particular importance since much of the on-going
work could contribute to the ultimate success of
pilot projects.

Direct production support: irrigation; soil im-
provement: Crop selection.

Institutional and training support: Agriculture

extension service; farm management training;
market infrastructure; small farm credit and land
tenure; bio-climatic scientific assessment data
base.

Utility infrastructure support: roads/transport;
rural electrification; telecommunications.

A bio-climatic inventory profile is required
(micro and macro) to provide farm energy resource
criteria. Such criteria would establish optimum
conditions for choosing which biofuel technology
to utilize in selected pilot farms. Current on-
going projects are assembling an extensive infor-
mation/data base for solar radiation, wind re-
gimes, water and biomass resources. Included in
this information are new crops which have poten-
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tial for fuel production, and analysis of soil
bases required for sustaining continuous cropping
and high-yield growth.

Framewcrk for Selection of Pilot Farms

The objective of selecting pilot farms is to provide
an opening for commercial marketing of liquid biofuel
technology. While the focus is on small farm appli-
cations, there 1is an implicit assumption that up-
scale technologies can work for larger farms as well.
Farmers will seek to purchase such technologies, and
agricultural credit will support such purchases, when
it is shown that their installation results in
increased farm income through sale of multiple farm
products of food, fuel, feed, and fertilizers,

Increased agricultural production for domestic con-
sumption or export, is enhanced by increased energy
input to the farms. It is not expected that agricul-
tural energy production will satisfy all national
energy needs, so the primary target market must be to
empower farms in order to build a secure, high-yield-
ing, self-sustaining agricultural land base.

A further objective of selected pilot farms is to
technically advance the farming process while at the
same time improving the natural environment. Since
farming is a synergistic process beginning with land
and crop, a project should seek to locate existing
potential pilot farm sites in areas which are more
likely to show quick improvements in yields from
integrated systems, where soils are good, groundwater
is available, bio-climatic conditions are known, and
where there is adequate transport/communication
infrastructure.

Potential pilot farm sites should have a history
measurable crop production for comparative analysis
after project implementation. Use of farm models of
10 to 100 hectares would allow for identification and
consideration of integrated substitute technology
"packages” for the household, the growing cycle, and
conversion/processing support technologies both on-
and off-farm. Estimates of farmer capital investment
and required agricultural credit would be derived
from information and data collected in the following
manner:
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a)

b)

c)

Crop selection.

Particular attention to potential crops that have
high value export market potential, and sugar- or
starch-based crops that have high yield character-
istics for conversion to fuels with cash value as
feed or soil conditioner by-products.

Technology selection.

"Packages" of equipment and management techniques
that are compatible and complementary would be
illustrated through the farm models. In addition
to farm size and economic considerations, bio-cli-
matic conditions would dictate certain applica-
tions. For example, VITA has developed a compara-
tive selection methodology for water pumping using
performance characteristics of diesel, photovol-
taic and wind technologies.

Potential Farm Income:

Quantification and costing of farm inputs, poten-
tial market prices for food crop yields, and
similar analysis of marketable by-products 1like
high-protein feed, fertilizer and fuels, would
lead to projected farm income profiles., These
financial profiles would then be assessed for
preliminary selection of pil.  farms.

The plan would recommend specific government
support actions to be undertaken 1in cooperation
with bilateral/muti-lateral institutions. Such a
plan would open discussions on the relationship of
pilot farms to national/regional energy-in-agri-
culture issues and the potential for project
applications in the Americas.
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APPENDIX 1

Small Scale Sensitivity of Capital Cost per Litre to Days
of Operation

Capital
Cost
Per
Litre
.10
.057
.05
62 112

Days of Operation

Capital Cost per litre of output is very sensitive to days of
operation of the system. The production of 36,340 litres of
ethanol was constrained by having ony 11 hectares of
production each Producing 22.43 tons of cassava. This output
was capable of operating the Plant at capacity only 62 days a
Year. As farm size or output per hectare increase, cassava
available as a feedstock and days of operation increases and
the capital cost per litre of production decreases. If farm

Size increased to 20 hectares of production (maintaining the.

same 22.43 tons per hectare), 448.6 tons of cassava would be
available as a feedstock. The pPlant could operate for 112.6
days, and 66,000 litres of ethanol could be produced at a
capital cost of $0057 per litre. The above graph represents
the following relationship.

Days of . ‘ Total Capital Cost
Operation Output Per Litre
62 36,340 .103
63 36,926 .102
64 37,512 . 100
65 38,098 .099
75 43,958 . 086
109 63,893 .059
110 64,460 .058
112.6 66,000 .057

JV



APPENDIX 2

Relationship of Capital Cost to Final Product Cost

As the discussion of the three small-scale Ethanol systems
point out, the price of ethanol is very sensitive to the
capital cost of the system which processes the feedstock.

Below

is a graph which shows capital cost per litre of

various priced systems. In all cases the hypothetical systems

have a

15 year plant life; a discount rate of 108%; and an

annual output of 36,340 litres.

Capital Cost Capital Cost per Litre

$ 200,000 $ .72
175,000 $ .63
150,000 S .54
100,000 $ .36
95,700 $ .345
75,000 $ .27
56,595 $ .204
50,000 $ .18
25,000 $ .09
12,500 $ .045
10,000 $ .036

System Capital Cost

200,000
175,000
150,000
125,000
100,000
75,000
50,000
25,000
i2,500

|

9¢ 18¢ 27¢ 35¢ 45¢ 54¢ 63¢ 72¢
Cost Per Litre



