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Abstract
Conversion of coconut biomass into useful energy is dis
cussed. Examples of commercial biomass energy conversion tech
nologies such as combustion co-generation, pyrolysis and thermal
gasification are cited. Pilot demonstration plant production of coco
nut-derived fuels which include methanol, coco-diesel and methyl
esters are described and experiences in the use of these as alter
native transport fuels are related.
I.

Introduction

The coconut industry still depends on petroleum-based
fuels for its energy needs. It is common knowledge that these
needs can be largely met by the by-products of the coconut. Cur
rent energy needs in the industry, such as those for process heat
ing, mechanical power drives, transportation and others, can be
supplied from the biomass residues of the coconut tree, from the
biomass waste by-products of coconut processing, and from coco
nut oil itself.
Biomass generally refers to renewable organic matter,
which includes all plant and animal matter that can be converted into
energy. Biomass was once a predominant source of fuel in many
countries of the world. It still maintains it importance in many
developing nations. Its basic weakness, however, is its low energy
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density compared to other solid or liquid fuels and the dispersed
nature of its source which translates to high collection and trans
portation costs. Thus, the potential of utilizing biomass from the
coconut tree is still largely untapped, but the potential nevertheless
exists.
In the Philippines, coconut shells, coconut husks, together
with other agricultural residues such as com cobs and rice hulls are
produced to tne tune of at least 16.6 x 10 metric tons annually,
equivalent to nearly 80 percent of total energy consumption of the
Philippines. However, only a small percentage of these are pres
ently being utilized. For example, from the 10 billion coconuts per
year that the country produces generating some 7.5 million metric
tons of shells and husks, it is estimated that only 20 percent can
be economically converted into charcoal as a business venture due
to poor road network. In spite of the present state of low utiliza
tion, biomass from the coconut remains a significant alternative
energy resource available to many developing countries in the world.

II.

Combustion and Pyrolysis of Coconut Biomass
Steam and Power Generation

Combustion is a mature technology for biomass energy
conversion with the most commercial systems available in the
market. For power generation, the process involves burning the
biomass in a furnace and raising steam in a boiler for use in run
ning a steam engine or a steam turbine that in turn drives an
electric generator. Process steam can also be provided via a co
generation scheme, whereby power and heat are concurrently
generated at a high efficiency.
Direct combustion of biomass materials can be carried out in
any one of the following equipment: fixed grate furnace, fluidized
bed combustors, and unit two-staged combustion unit which is
essentially a gasifier closely coupled to a furnace.
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The heat released by combustion in the furnace of the bio
mass heats up the water in a vessel or the boiler proper through
the heating surfaces which form the partition separating the hot gases
from the water. All the heat released by the fuel cannot be trans
ferred from the hot gases from the water, since the gases discharged
to the stack would still be a temperature above ambient. The effi
ciency of a boiler is therefore always less than 100 percent, in the
range of 50 to 90 percent, but straight generation of power brings
down the overall efficiency to something like 20 percent. If power
generation is coupled with use of process steam as in district
heating or material drying, then the overall efficiency can be improved
considerably. For example, a commercial heat and power coge
neration plant in Haslev, Denmark, burning 5.3 metric tons per hour
of barley straw to produce 5.1 MW of electricity and 46,800 MJ/h of
heat (13 MW) in the form of hot water for district heating, has a
boiler efficiency of 90.7 percent and an overall plant efficiency of 85
percent.^1)
Boilers can either be fire-tube or water-tube types. In a firetube boiler, the hot gases pass inside a series of tubes surrounded
by water in a pressure vessel, transferring the heat from inside
the tubes across the tube walls of heat from inside surfaces to
the water outside the tube, in water-tube boilers, water pass in
side the tubes and the hot gases surround the outside of the
tubes. Firetube boilers operate at lower pressures (up to 400 psi
or 26 bars) and at lower capacities (e.g. 2,500 kg/h) compared
to water-tube boilers (typically 80 bars pressure and capacities of
250,000 kg/h). Water-tube boilers, however, would require more
rigid treatment of the feedwater which might be difficult to obtain
in rural areas. Fire-tube boilers, which are comparatively simpler,
cheaper, easier to clean and maintain, would be more advisable for
use in rural electrification, for instance.
Furnaces for burning biomass fuels could be of several
types. Among them are: (a) fixed bed, (b) flat grate, (c) inclined
step grate, (d) travelling grate, (e) fluidized bed, (f) movable inclined
step grate, and (g) air-suspended. Each of them has its own
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advantages and disadvantages depending on the type of biomass
fuel used. Fuel pieces of varying sizes with high moisture content,
for example, could be burned more efficiently on a movable inclined
step grate, where the moist fuel, fed at the upper end of the incline,
could be dried as it traveled down to the bottom of the grate.
Biomass-fired boilers could cost up to twice as much as
conventionally-fired (oil or gas) boilers of equal capacity because
of the need for a larger furnace, larger heat transfer surfaces, and
system additions for fuel handling, collection of combustion residues
and removal of particulate matter in the stack gas. To improve
the economics of a rural power plant fueled from biomass, it is
advisable to combine both power and process heat generation.

Charcoal Production

Charcoal production in the rural areas is commonly carried
out by partially burning coconut shells in readily available con
tainer-reactors such as 55-gallon drums. The liquid and gas
eous by-products are simply discharged into the atmosphere and sur
roundings, are wasted and become pollutants. The quality of the
charcoal produced depends on the length of time that the input
raw materials are heated and retained in the drums. This crude
method is not strictly a pyrolysis process since heat is supplied by
burning part of the input raw material.
Pyrolysis is a process by which biomass is converted to a
solid, liquid and gaseous fuel by heating the biomass in the
absence of oxygen. Pyrolysis technologies can produce acidic,
oxygenated liquids from biomass materials aside from gases and
solids. These low-pressure processes produce large amounts of
char.
Commercial pyrolysis plants have been developed in many
countries. For example, in Italy, commercial plants exist which could
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produce from wood and forestry wastes up to 1.9 tons per hour of
charcoal in a continuous process. By combustion of the by-pro
duct gases and liquids, a production of 2.8 tons/h of steam at 12
bars pressure is a side benefit which could be used for the genera
tion of electricity.
Another commercial process is that of
Carbotecnica-Sonerga (3) in Lisboa, Portugal, a high-temperature
(850°C) carbonization of wood chips, barks, saw dust, and agricul
tural residues with 15% maximum moisture content at capacities of
1000 kg/h.
Since the Carbolisi system is designed to convert into
charcoal all woody biomass within a wide range of sizes and shapes,
it appears to be better suited and more useful for processing
biomass from the coconut tree (shells, husks, trunks, stumps,
branches, roots, etc.), and therefore will be described here in some
detail.
The process consists of the following consecutive stages:
pre-heating, drying, carbonization of the wood, and cooling of the
charcoal. These operations take place inside a special furnace
consisting of two parallel tunnels which are connected by a transfer
room (which conveys the wood-containers from the first to the se
cond tunnel) at one of the ends. A series of slide doors insulates
the different sections (stages) of the tunnel.
The raw material is carried throughout the two tunnels up to
the end of the cooling section by a number of skips-operated
wagon-containers, which advance at a continuous pace synchronized
with the opening of the doors. At the end of the cooling section, the
wagon-containers are automatically emptied of charcoal, and then
are filled with new wood to start the cycle again.
The whole process is self-sustaining once the furnace has
been started. The hot gases necessary for heating the car
bonization section are initially obtained by burning some wood in a
combustion chamber, and subsequently by burning the pyrolig
neous vapours generated in the carbonization section itself and
from the cooling section.
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The high temperature combustion gases supply the differ
ent sections of the tunnel with either direct or indirect heat (the latter
by means of heat exchangers). The wood that enters the drying
section meets with the hot combustion gases or heated air coming
from the heat exchangers at the carbonization section.These gases
or air can be recirculated (after drying) to regulate the temperature
of the drying section.
The charcoal in the cooling section meets with cooled and
dried pyroligneous vapours generated both in the cooling and
carbonization sections.
The resulting tars and pyroligneous liquids are sent to the
clarification system, where they form two layers: the upper which is
liquid and is recycled as coolant, and the lower layer which is mainly
tar and which is sent to the collecting tanks.
Integrated processes can convert the by-products into other
useful fuels and chemicals. For example, thermocatalytic tar crack
ing can produce light liquid hydrocarbons. The pyroligneous liquids
can be utilized to produce the following chemicals: acetic acid,
raw methanol, phenolics by-products, and creosote. Hot water and
steam, of course, can be directly produced by burning portions
of the pyroligneous vapours generated during the process.
To produce 1 ton of charcoal, the Carbolisi process would
require 3 tons of dry wood/biomass. The system could, however,
accept wet wood up to 30% moisture. Large-sized wood pieces (up
to 10 inches in diameter and 90 inches in length) can be
processed with an overall thermodynamic yield of 80%. The
electrical energy consumption for the carbonization cycle is from
60 to 70 kwh/ton of charcoal. The carbonization temperatures are
flexible ranging between 300 to 900°C since the pyrolytic pro
ducts can combust at high flame temperatures (1200-1300°C). A
low formation of charcoal fines (0.5-2%), combined with a high
thermodynamic yield results in less environmental problems. A
plant with a charcoal production capacity of 1895 Kg/h would
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yield the following by-products 190 Kg/h of acetic acid, 237 Kg/h
of raw methanol and 237 Kg/h of tars.
III.

Thermal Gasification of Biomass

Thermal gasification is a process by which solid biomass
fuels are thermally and chemically converted into gaseous fuels
(technically termed producer gas) for fuelling internal combustion
engines such as gasoline and diesel engines. The thermal con
version takes place inside a refractory-insulated, usually vertical
reactor containing the biomass fuel. The combustible compo
nents of producer gas are mainly Carbon Monoxide, CO, and
Hydrogen, H2 , with traces of u ydrocarbons such as Methane, CH4.
Typical composition would be 21% CO, 16% H2, 2% CH4, 10%
C 02, and 51% N2. The gasification medium is normally air and
the biomass fuel can be gasified in either a fixed or a fluidized bed
reactor. Producer gas from biomass used for fuelling internal
combustion engines is normally generated by a fixed bed, downdraft gas producer which produces a cleaner, less tarladen gas than
that generated from an up-draft reactor. One of the problems of
utilising producer gas in engines is the difficulty of sufficiently
cleaning the gas and getting rid of the tar which is deleterious to
the engine. Gas cleaning systems would consist of gas cyclones,
tar condensers, water scrubbers, packed bed filters, and accesso
ries like water pumps and blowers.
The finished product is the gaseous fuel termed producer gas
and its desired quality is dictated by its use. For use as fuel in in
ternal combustion engines, the gas, as mentioned, should be thor
oughly cleaned from tar and other impurities by the gas clean
ing system. CMEC (Chinese Machinery and Equipment Corp.)
reported that tar content in the gas was reduced by their system
from an initial 0.5 gram per normal cubic meter (g/Nm3) as gas
leaves the reactor to 0.03 (g/Nm3 ) at the end of the gas-cleaning
train. Acceptable tar and dust in gas for use in high-speed inter
nal combustion engines, however, is usually lower than 10 mg/Nm3
(0.01 g/Nm3)(4). For direct heat applications, i.e.. burning pro

ducer gas in furnaces, there is no need to clean the gas of tar since
tar itself is a fuel and will burn. The heat content of the gas how
ever should be in the range of 80 to 160 Btu per cubic foot to sus
tain stable combustion.
The finished product quality is influenced significantly by the
raw material or input product quality. In this instance, the input is
the solid biomass fuel which is gasified. Fuel specifications for
gas producers that will generate good quality gas are given by
Kjellstrom (5* 6) as follows:
a)
Physical size and shape should be spherical or cube
like with little bridging tendency. Length to diameter ratio should be
less than 2 , between the size of a prune pit and a two-inch cube,
or between 10 x 10 mm and 40 x 40 mm. It must contain a low
percentage of fines.
b) Volume weight or bulk density should not be less than
approximately 200 kg/m3 .
c)

Moisture content should be below 20 to 30 percent.

d) Higher heating value of fuel as delivered to the gasifier
should be at least 10.6 MJ/kg (4,500 Btu/lb).
e) Ash content should be less than 5 to 6 percent and
silicon in the fuel less than 2 percent. Ash fusion should be
above 1150°C in a reducing atmosphere.
f) Other desirable fuel properties include the absence of
tramp metal, glass or soil; high inter-particle porosity; good mechani
cal strength in particle; and resistance to breakdown in handling
and during the gasification process.
Coconut shell, as well as wood from the coconut tree trunk,
^hen broken down or reduced to the recommended size, are very
good fuels to gasify. Charcoal from coconut shell is even better.
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Diesel and gasoline engines fueled with coconut shell charcoal
have been successfully applied to irrigation of agricultural lands
in the Philippines.
Other parts of the coconut tree, like the branches and the
husks, are harder to gasify. Gasification of coconut husks has been
the subject of a few experimental studies. Hoglund
reports a
test run lasting 2.5 hours using coconut husk cut in pieces of 8
centimeters in a down-draught gasifier. The gasifier was a Swedish
F-300 with a gas capacity of 25-100 mr/h. Examination after
wards, however, revealed that slag, which collected on the grate
and the hearth-ring, was difficult to remove. The husks used had
a moisture content of 11 percent and a density of 65 kg/m3. In the
Philippines, a test programme was completed by the Economic
Development Foundation in 1979 on the dual-fuel operation of a
30-kW industrial Ford diesel engine for generation of electricity in a
rural village^). The main aim of the programme was to test the
use of agricultural wastes, especially coconut husks, in a Philippine-designed and built down-draught gas producer. When coco
nut husks of about 3 percent ash content was gasified, the ash
melted and formed hard clinkers that covered gasifier component
parts. Subsequent gas producer designs have been modified to
solve this problem.
The advantage of biomass gasifier-engine systems in the
generation of electricity is that for small plant capacities (under
1 MW) the cost per unit power installed could be significantly
less than that for the biomass combustion-steam boiler and tur
bine systems. The efficiency of power generation is also higher for
plants of comparable capacities.
On the other hand, one disadvantage of the biomass
gasification-engine system is that reliable operation of the sys
tem is not yet well established, considering that there are only few
commercial systems available in the market.
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IV.

Alternative Transport Fuels Derived from Coconut Oil
Methanol

Methanol production from biomass (e.g. residues from the
coconut tree - coconut shells, husks, wood) involves the fol
lowing major steps:^' ®).
Gasification.
The first step in the process is primarily
composed of a fluidized-bed reactor and a secondary reformer
where desired reactions take place at high temperatures. The
following description of the gasification process is given of an ac
tual pilot installation at the Creosote Energy Test Laboratory in
France with a capacity of 10 tons of wood per day.
The gasifier is about 5 meters high. At the lower end of
the gasifier, a mixture of pure oxygen and slightly superheated steam
are injected. The wood chips (or other biomass woody residues)
sized at 50 x 20 x 10 mm maximum, are fed into the fuel hopper by
means of a conveyor belt. At the start, the reactors are pre-heated
by combustion of natural gas with the air injected at the base of
the fluidized bed and also at the top of the secondary reformer.
Thus, temperatures of 800°C are attained in the gasifier and
1,200°C in the secondary reformer. The gases leaving the gasifier
(at temperatures between 600 and 700°C with typical composition
of 41% CO, 32% H2 , 26% CO2 , 1% CH4) enter the secondary
reformer where additional oxygen is introduced. The secondary
reformer is a vertical cylinder about 5 meters high with refrac
tories inside it, to allow its operation at temperatures as high
as 1,500°C.
Gas Purification. The gas leaving the reformer is then
cooled by water spray in a wet scrubber, lowering its temperature
to about 200 to 300°C. Afterwards, it is first compressed to 100
psig (7 bar) and then subjected to a 2-stage gas purification system
in order to remove C 0 2 . In the first stage, the CO2 content of
the crude gas is reduced to about 300 ppm by using hot potassium
carbonate. In the second stage, methyl-ethanolomine is used as the
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scrubbing agent in order to furtner reduce the CO2 content to 50
ppm. The net product is a gas which is essentially a mixture of CO
and H2 .
Shift Reaction. After purification, the gas is again com
pressed to 400 psig (27 bar) prior to shift conversion. In the shift
reactor, some of the CO is allowed to react with water vapor to
form additional H2 , in the reaction
CO + H2 O = H2 + CO2
until the final gas contains the required 2:1 H2 to CO molar ratio.
CO2 . which is formed during the shift reaction, must again be
removed from the gas before the methanol reaction. This is done
by passing the gas in a second hot potassium carbonate absorp
tion system where 97% of the CO2 formed in the shift reactor
is removed.
Methanol Synthesis and Purification. The synthesis gas
which contains a 2:1 H2 to CO ratio is compressed to 1500 psig
(100 bar) and then fed into the methanol synthesis reactor, where
the reaction
CO + 2H2 = CH3OH
takes place and produces the methanol CH3 OH. About 95% of
the gas cai.be converted to methanol which is then fed into a
distillation unit where the light ends and higher alcohols are sepa
rated.
Methanol as Alternative Transport Fuel
For the past 70 years, research studies have been undertaken
to test the suitability of methanol as substitute fuel for gasoline
in internal combustion engines The research studies undertaken
involve the testing of pure methanol or methanol blended with
gasoline.
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The use of pure methanol involves the conversion of existing
engines by decreasing their air to fuel ratios from about 14 for gaso
line to 6 for methanol, a simple procedure of changing the carbu
retor fuel jet to a larger size. Efficiency-wise, methanol is superior
to gasoline since it can be used in higher compression ratio en
gines. Environmentally, methanol is more benevolent than gaso
line. Compared with gasoline, methanol resulted in a very low
level of emissions of unburned hydrocarbons, CO and NOx. The
reduced emissions were attributed to methanol being able to burn
without misfire at an air-to-fuel ratio 25% higher than that for gaso
line. Exhaust temperatures with methanol were 100°C cooler. It
could be expected that cars designed to be fueled with pure metha
nol would have a better fuel economy because of higher com
pression ratios and simpler pollution controls.
One use of methanol for diesel engines is by processing it
first into methyl esters by reacting it with coconut oil (or other
vegetable oils) to produce methyl esters and glycerine. Pure me
thyl esters is a very good substitute for diesel fuel. Methanol can
also be blended with diesel to as much as 35% methanol, and
the mixture used to fuel compression-ignition engines. However,
the blend may require the use of cetane improvers to improve its
ignitablility, and certain chemicals to stabilize the blend and prevent
the separation of methanol from the diesel.
ETHANOL
Ethanol is also a good substitute for gasoline as transport
fuel. In the U.S., ethanol production reached more than 825
million gallons in 1988 (about 3000 x 106 liters per annum). Etha
nol blends containing 90% gasoline and 10% ethanol account
for more than 25% of sales in some mid-west U.S. states.
Ethanol might also be used for diesel fuel substitution as tech
nology for blending from 10% to 30% ethanol with 90% to 70%
diesel has been developed by Apace Research Limited in
A u s t r a l i a . T ne Brazilian experience in its nation-wide use of
ethanol for automobiles is of course common knowledge.
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Ethanol can be produced from the fermentation of the sap
of the coconut tree or from pre-treated biomass residues. Ethanol
fermentation technology has gained increased international impor
tance because it is an attractive route for biomass utilization
particularly in relation to the production of ethyl alcohol for blend
ing with gasoline. The process is well-known and is discussed
thoroughly in a number of references.
Ethanol from the fermentation of the coconut tree sap,
however, is a high-value product as potable alcohol and its use for
fuel cannot at present compete economically with its use for food.
Ethanol from the fermentation of pre-treated biomass residues
from the coconut tree (particularly the woody part and the husk)
or any other ligno-cellulosic wastes has more potential, although
the technology has yet to reach commercial maturity.
Conversion of ligno-cellulosic wastes into ethanol involves
three major steps: ( 1) a pre-treatment to partially break down the
biomass; (2 ) a hydrolysis step to convert the pre-treated biomass
into fermentable sugars; and (3) fermentation of the sugars to
produce the beer that contains the alcohol. The final step of course
is the distillation process to separate the alcohol from water.
A simplified flow diagram of the conversion process is as
follows:
Pretreatment------>Hydrolysis------>Fermentation------>Distillation
Biomass can be pretreated by chemical, microbial and
physical methods. Some of the physical methods are particle size
reduction, variation in temperature and pressure, and steam
processes. Particle size reduction is accomplished by using vibra
tory ball milling, attrition grinding, or shredding. The bacterial or
enzymatic hydrolysis of wood was found to be 50 to 75% complete
if it was in the form of sander dust. A potentially economic pretreatment of biomass is by methods involving use of steam which
include: (1) autohydrolysis, (2) steam explosion; (3) wet oxidation;
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and (4) rapid steam hydrolysis/continuous extraction or RASH
process. The last process (RASH Process) is a favorable pre
treatment scheme where delignification occurs to a large extent,
freeing much of the cellulose. In this process, saturated steam
passes through the biomass and soluble or gaseous products are
continuously removed from the reaction zone, which minimizes un
desired degradation of the biomass components.(13)
The hydrolysis step breaks down further the pretreated
biomass to simple sugars before fermentation. The method of
hydrolysis could be by acid hydrolysis or by enzymatic pro
cesses. (14)
The o'dest method to produce glucose or sugars from
cellulose is a id hydrolysis. Acid hydrolysis closely proceeds ac
cording to the following:
Cellulose------> Glucose------> Degradation Products
As the sugar products are formed, some are degraded
to resins, polymers and furfural derivatives. The conditions of
reaction are set so that there is a favorable balance of unreacted
materials, sugar product, and undesired product. The maximum
yield of sugars is 55% of the initial cellulose. Earliest plants
employed single stage saccharification which involved the cook
ing of pine wood with 1% sulfuric acid for thirty minutes at 170°C.
The maximum sugar yield for this was 20%. Two-stage hydrolysis
increased the yield to 48-49%. The first stage was at 190°C for 3
minutes and the second stage was at 215°C also at 3 minutes.
To offset the disadvantages associated with acid hydrolysis,
enzymatic hydrolysis of cellulose is an alternative solution. Some
micro-organisms with cellulase activity are Trichoderma viride,
Cellumonas sp. and Chetomium globosum. The enzymes from
these organisms, called cellulase, are capable of degrading
cellulose. The cellulase system may be complex, but current
technologies have resulted in greater productivity.
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A study on the conversion of cellulosic biomass to ethanol
through microbial actions under anaerobic conditions was done
with the use of tne micro-organism Clostridium thermocellum. (15)
From an initial biomass concentration of 20-30 grams per liter,
after fermentation, the final ethanol concentration produced was as
high as 9 grams per liter.
Distillation of the beer which contains low concentrations of
ethanol will yield products of higher alcohol content, but at the same
time will produce large quantities of distillery wastes o r“slops" which
can pollute rivers and other bodies of water. To control pollution
and to recover energy, anaerobic digestion of the distillery slops
to produce methane gas is a viable solution.
COCODIESEL (16)
A major factor which led to the formulation in late 1980 of
the Philippine Coco-Diesel Program, a programme in which crude
coconut oil was blended with diesel fuel for use in automotive die
sel engines, was the government’s strong desire to diversify from
petroleum-based products.
The use of crude coconut oil and blends of this with diesel
oil has been proven technically feasible in many experiments.
Among these were durability tests on two brand-new Isuzu diesel
engines, the 4FB1 model and the 6BD1 model, conducted in 1982
by the Philippine National Oil Company through its Energy Research
and Development Center in collaboration with Isuzu Motors of
Japan, General Motors Pilipinas Philippine Engine Corporation and
the University of the Philippines The fuel used was a blend of 30%
crude coconut oil and 70% diesel fuel by volume. The Isuzu 4FB1
4-cylinder diesel engine underwent a 500-hour bench dynamo
meter endurance test. After 500 hours, the full power capability of
40.5 kW at engine speed of 5000 RPM decreased by 5% and the
specific fuel consumption increased by 7%. The Isuzu 6BD1
engine after undergoing 1000 hours endurance bench dyna
mometer test showed an increase of 3% in its full power capa
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bility 98.6 kW and 3600 RPM and a 5% increase in spocific fuel
consumption. These changes are considered to be within ac
ceptable limits.
Fleet tests were subsequently conducted and cocodiesel was
distributed through service stations in Manila in September, 1982.
A potentially serious problem, however, emerged in the bulk han
dling, trans-shipment and storage of crude coconut oil-diesel
blends. Microbial growth, which led to the build-up of filamentous,
slimy materials that clogged fuel filters, was attributed to the use
of crude coconut oil highly contaminated with fungi, bacteria and
yeasts. Multiplication of these microbes was enhanced by the
presence of water in the fuel. Adding certain biocides into the
crude coconut oil-diesel blends was found effective in controlling
microbial growth. Biocides, however, are expensive.
The use of a semi-refined coconut oil, with less free-fatty
acid, a lower moisture content, and a lower microbial load, also
apparently controlled the problem. A fleet test of 168 passenger
buses conducted for 10 months using a blend of 5% semi-refined
coconut oil (cochin grade) in diesel fuel did not result in the same
microbial-growth problem previously encountered in a similar ratio of
blended crude coconut oil and diesel. Because of the high cost
of refined coconut oil, however, the programme was discontinued
after a year.

CO CO-METHYL ESTERS
An excellent substitute for diesel fuel to run diesel en
gines is methyl esters, processed from coconut oil and methanol by
trans-esterification. The process is quite simple and can be readily
carried out in a village-scale plant. Carlos^
describes such
a process, starting with coconut as a raw material, in a work
ing prototype plant commissioned by Resins Incorporated at its
site in Jasaan, Misamis Oriental in January 1991.
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Copra is prepared from coconut in forced draft copra dryers
fired with coconut husks. The copra is dried to a moisture of 2% to
4% thereby eliminating the need to pre-cook the copra before ex
pelling the oil. The dried copra is then ground in a 3-horse
power hammermill and fed automatically to the copra oil expeller.
The belt-driven expeller requires 14 horsepower to crush 3 tons
per day of copra into fine quality coconut oil with an acid number of
5 or less and a yield of 0.55 ton coconut oil per ton of copra, plus
0.365 ton of copra meal. The 22-horsepower diesel engine
operates on its own methyl ester fuel to drive the expeller and a 5kilowatt generator which powers the hammermill, agitator, pump and
some lighting. The copra meal contains roughly 20% coconut oil,
suitable for animal feed. The coconut oil is filtered in a plate and
frame press and kept in 2 00 -liter drums.
The preparation of methyl ester (cottage industry level) is a
batch process. Essentially, coconut oil and methanol are re
acted for trans-esterified) to yield methyl esters of coco fatty acids
and glycerine. The methanolysis is catalyzed by caustic soda,
which later has to be neutralized and then washed several times
to reduce the ash and salt content in the methyl ester. About 1,100
kilograms of coconut oil is pumped into an elevated horizontal tank
mounted on a furnace directly fired with charcoal. The oil is heated
by incandescent charcoal combusting in a roll-away cart. After 1
hour, when the oil has been heated to 65° C, the cart is pulled away
to a safe b stance. The oil in the tank is agitated by a 12-inch
paddle driven by a 1/3 horsepower motor. Then 170 kilograms of
methanol which contains pre-dissolved 7 kilograms of solid sodium
hydroxide are added to the oil. After agitating for 1 hour, the mix
ture is neutralized with 35% HCI (about 18 kilograms) plus about
60 liters of water to dilute the glycerine and facilitate a sharp sepa
ration from the methyl ester layer by standing for 4 hours and draw
ing the resulting 60-70% glycerol solution. The methyl ester is
then washed by agitating with about 20 liters of water for 15 min
utes, standing for 1 hour, and then decanting. This step is repeated
to ensure the methyl ester is washed free from salt, acid and
alkali, as well as glycerine which can form gums. The entire batch
will take from 12 to 14 hours per cycle.
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Most recent trials in the use of coconut oil-basod fuols was
started on 20 March 1991 in Davao province and continued for 6
months
Tests were done on two sets of farm tractors,
pick-ups and trucks, each set composed of five tractors, three
pick-ups, two utility light trucks and two trucks hauling boxed bananas,
a total of 12 vehicles per set. The first set of vehicles used a
blend of 50% by volume of methyl ester and 50% diesel fuel for
the first 3 months, then shifted to 100% methyl esters during the
last 3 months The second set of vehicles used a blend of 30%
crude coconut oil and 70% diesel fuel. A third set was fueled en
tirely by diesel oil throughout the test period for control. It was made
up of two tractors, one pick-up, one utility truck and two hauling
trucks. The following conclusions were made after the tests:
1. Methyl esters proved to be an excellent alternative whether as
a blend with diesel or in its pure form, generally showing at least
equal if not better specific fuel consumptions, and universally
higher thermal efficiencies. No e ngine adjustments were found
necessary, but because of the fuel’s solvent characteristics, it was
necessary to thoroughly clean and flush the fuel system and in
stall metal-encased fuel filter cartridges in the vehicle prior to its use.
2. The test vehicles performed better on 30-70 crude coconut
oil-diesel blends (compared with methyl esters) in terms both of fuel
and thermal efficiencies, but its use was set aside because of
operating problems which included fouling up of the fuel system and
hard starting.
3. No problems were encountered with contamination or degrada
tion in the lubricating oil used with the fuels tested.
4. The economic decision to shift to methyl ester is influenced
by the cost to move diesel oil to specific sites and copra from
those sites. A mathematical approach for making this decision
was proposed
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V.

S ocio-E conom ic Aspects

The economic viability of a biomass energy project is
largely site-specific. A careful evaluation of factors related to the
siting of a biomass project is therefore necessary in order to pro
vide increased confidence in the results of its economic analy
sis. In comparing alternative bio-energy conversion processes,
it is desirable to establish firm knowledge on site-specific resource
availabilities such as biomass feedstock, water, land and labor,
together with such factors as environmental quality and pollution
control requirements. Upon consideration of these factors and
supported with technical data on material and energy balances,
one may form a sound basis for decision-making. In many in
stances, however, unquantifiable factors such as social customs,
human behavior and attitudes unexpectedly enter and could
invalidate an otherwise sound technical and economic evaluation.
That is why perhaps economics is oftentimes thought to be more of
an art than an exact science. Guidelines, however, have been pub
lished which could be helpful in the analysis of biomass enerqy
o p tio n s ^ ’ 20. 22).
The economics of methyl esters as diesel fuel substitute for
instance, according to Carlos17, hinges to a great extent on the
price and market of diesel oil in the locality. The Philippines is
basically short on diesel which has to be imported while gaso
line is in excess and has to be exported. At the time of Carlos’
evaluation (1991), the pump price of diesel oil was P7.75 per liter,
P6.3249 of which go to the oil companies, while P0.45 go to taxes
and P0.4317 to OPSF (Oil Price Stabilization Fund). Since it costs
at least one Peso per liter to deliver diesel in drums to the remote
areas, the diesel price there cannot go below 8 Pesos per liter. On
the other hand, even when copra is selling at 5 Pesos per kilo to the
oil mills, the farmgate price of copra in the remote areas remains
at 3 Pesos. At P3.50, the farmer benefits from selling it to a methyl
esters plant at a project site (there can be several similar plants
at dispersed remote project sites), and still the copra cost to pro
duce 1 kilogram of coconut oil would only reach P6.36, less credit
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for the copra meal. The capital cost of a 1845 liters/day methyl
esters plant (at 70% rated capacity), which includes a 3 tons/day
copra oil expeller, would roughly be P500.000 of fixed capital
plus P100,000 of working capital. Assuming that 25% of the capital
orP150,000 'S in equity, the project must secure a medium term
loan, say 3 years at 16%, of P450.000, which calls for a monthly
amortization of P15,820 or P189,840 per year. The operations
expect a yearly gross income of P638,500 and after substracting
from this the annual amortization costs, the annual net cash in
flow amounts to P 448,660. One can see that the total invest
ment is paid out in about 16 months. Recovery of investment
can be achieved in 8 months if the plant were to operate at 1 00 %
capacity instead of 70%, with an annual net cash inflow of P918,910.
It is obvious that if the plant were set up in Manila where diesel oil
is cheaper, coconut oil more expensive and manpower costs are*
higher, the ei anomies can not be as favorable.
An important factor in the economic analysis is tax
incentive, for xample a 20% federal investment tax credit (ITC) that
can usually be availed of in the U.S.A. for renewable energy
p ro je c ts ^). |n tpe Philippines, several examples of energy con
version of coconut biomass into steam and power can be cited as
successful because of tax incentives. These include that of Procter
& Gamble Ph nppines, Inc. which invested US$3.5 million in 1982
for a co-generation waste fuel (wood and coconut shell) boiler. The
expected internal rate of return (IRR) was 35% with a pay-back
period of 2.7 vears. After one year of operation the figures for IRR
improved to 49%. After the second year, the investment was fully
recovered anc the company embarked on a second phase in
vestment of JSS6 million in 1984. Phase 2 involved installation
of a steam turbine/generator to the plant that made it a fully
operational cn-generation plant in 1987.(21)
Socio-economic benefits from using the bio-energy techno
logy are realized not only from the conversion of biomass waste
residues into energy and useful by-products, but also from the
improvement of the environment. For instance, in many Asian
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coconut growing countries, charcoal from coconut shells is pro
duced in crude, inefficient kilns which emit the pyroligneous vapours
into the air, thus, polluting the atmosphere. Also, it is usual that
only coconut shells are used since they are relatively dry and are
easier to carbonize compared to other residues such as the husks,
branches, trunks, roots, etc. which normally have high moisture
content. A coconut growing nation that promotes the use of highly
efficient pyrolysis systems which produce not only solid carbon
fuels, but also liquid and gaseous fuels or, alternatively, heat energy
from almost all the biomass residues of the coconut, could benefit
much in the improvement of its economy. It will also greatly en
courage a continuing replanting program if an efficient process
exist for converting into valuable products the abundant biomass
residues resulting from the replacement of old and unproductive
trees.
The economics of thermal gasification of biomass depends
on several factors, including the cost of gasification equipment
which varies widely. The systems being produced in Europe and
the Uniteo States cost between $400/kW and $1000/kWfor the
gasifier and gas cleaning system alone (1982 figures in US$)(2 3),
and do not include the engine and electric generator, while sys
tems in the Philippines and Brazil cost as little as $50 to $100/kW,
The economics depend also on factors such as the annual operat
ing period, the system lifetime, the additional maintenance and
labor required, and the fuel costs. For a gasifier system costing
$800/kW and the cost of wood at $20/air-dry tonne, the price of
diesel must be above 59 US cents per liter for the gasifier to be
economic compared with electric generation by diesel engine. If
the annual operating period drops below 750 hours per year, the
gasifier would have to cost less than $200/kW to be feasible. If a
50-kW gasifier system at $200/kW, with 80 percent diesel replace
ment by producer gas had a lifetime of 6 years and an annual
operating period of 2000 hours, the annual operating cost saving
would be of the order of 20 percent. A high cost gasifier ($800/
kW) would cost more to operate than a diesel system.
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Many developing countries depend on imported petroleumbased fuels for their respective transport fuel requirements.
Obviously, significant economic and social benefits would be the
result of substantial replacement of imported gasoline and diesel with'
methanol and ethanol. It has been recognized in the U.S.A. that
methanol has great potential as fuel for automotive gasoline engines.
It has a lower volatility, a little higher density, and about half the
heating vali. of gasoline. Because it is safe and it has a high
octane rating, methanol is preferred as fuel for high performance
racing cars.
The use of ethanol as substitute fuel for internal com
bustion engines, particularly to replace gasoline and diesel, may
become economic if the technologies for the production of etha
nol from biomass lignocellulosics become more mature. IntheU.S.,
the estimated cost of ethanol production by corn-based fermen
tation process is 20-40 cents (US)/gallon (with Federal and State
government subsidies via reduced fuel tax on ethanol blends).
Sixty percent (60%) of total production costs are the raw material
costs. Although lignocellulosics are currently more expensive (due
to high pretreatment and enzyme costs) they offer the greatest
opportunity in the longer term for significant cost reductions. Costs
projections are in the range 20-30 U.S. cents/liter (after by
product credits from lignocellulosic materials).V
I.

VI.

Conclusion

Coconut products and by-products, particularly biomass from
the coconut tree, constitute a significant alternative energy re
source available to most developing countries in the world. This
resource has the distinct advantage of being a renewable and rela
tively clean fuel. Benefits from its use therefore includes not only
the displacement of fossil fuels which are becoming scarce, but
also the preservation of our environment. The reduction of
pollution has been evident in the exhaust of vehicles run on
coconut oil-derived fuels and in the performance of commercially
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available furnaces that burn ulomass residues cleanly and effi
ciently. Energy conversion from biomass may have a number of
disadvantages, among which are high collection costs of biomass
and the competition of its use with food, fiber and fertilizer. Also
some technologies for conversion may not yet be truly reliable.
Nevertheless, continuing research and development have made
inroads to success, and economically viable projects have been
demonstrated to be a real possibility particularly by private entre
preneurs. Even at present, some energy conversion technologies
are already competitive in relation to use of conventional fuels.
For instance, co-generation of electricity and process heat through
combustion of biomass and subsequent steam generation is
proven to be cost effective in the Philippines. In order for this
trend to continue, governments must encourage and sustain re
search and development in this field. Support also for the private
sector to use the results of R & D must be given in terms of
government incentives for pioneering projects. With close collabo
ration between government and private entities, opportunities in
the bio-energy field can become almost limitless.
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