PRODUCTION OF FILTERED COCONUT BIO-FUEL - A STRATEGY
FOR IMPORT SUBSTITUTION AND GLOBAL COMPETITIVENESS,
MARSHALL ISLANDS EXPERIENCES
Jerry Kramer

The Marshall Islands is an
independent republic located
half way between Australia
and Hawaii, 7 degrees north of
the equator, the same latitude
as the southern Philippines. It
is a flat coral atoll archipelago
of 29 inhabited atolls made up
of 1,225 islands with a total
land area of 185 square
kilometers (70 square miles)
scattered over two million
square kilometers (750,000
square miles) of ocean. Mount
Majuro is 3 meters above sea
level. We enjoy a tropical
climate with average annual
rainfall of 3.4 meters and a
mean temperature of 27.4
degrees Celsius with little
variation through out the year.
Copra is shipped from the
outer islands to the capital city
of
Majuro,
where
the
government owned, privately
operated
Tobolar
Copra
Processing
Authority
processes into crude coconut
oil and cake. Oil extraction is
conventional and we use
Anderson super Duo expel lers.
We have a small-scale local
perfumed body oil market,
soap manufacturing, and bio
fuel production. The bulk of
our oil and cake is exported,
but we have a goal of selling
most of our oil locally as fuel.

methyl esters. The methyl
esters are a substitute for
diesel fuel. The process
requires
degumming
and
conversion of fatty acids
below
.5%
before
the
methanol
process.
Then
there’s vacuum extraction of
the
un-reacted
methanol,
washing,
settling,
and
filtering. Economies of scale
require a large volume to be
processed in a somewhat
sophisticated facility, operated
by qualified technicians.

A h e a vy v e h ic le u sin g filte re d c o c o n u t oil

Tocess information is easily
available, and today with the
bio-diesel
international
revolution there are many
manufacturers of various size
conversion plants. Coconut
oils high saponification value
and low iodine value make it
Filtered Coconut Oil
the best suited of all vegetable
The most part biodiesel is oils for use as an engine fuel.
derived from the reaction of
vegetable oil with methanol Several years ago we tried
experiments
with
and caustic soda as a catalyst limited
using
filtered
coconut
oil
on a
to produce glycerin and
22

diesel pick up truck for short
periods. We considered the
use might come in handy if
there was a shortage of diesel
in the outer islands that are
serv iced infrequently and with
unreliable schedules. Our trial
was mainly out of curiosity
since at the time, petro diesel
was less expensive than
coconut oil. There is literature
that was readily available
about the use of vegetable oil
and coconut oil specifically as
a fuel and although there wrere
positive articles, many were

inconsistent
in
their
conclusions, cautions were
advised, and many articles
stated that engines would not
function properly, and would
increase wear and tear. Most
articles discussed vegetable oil
with emphasis on soybean and
peanut oil. About 5 years ago,
I decided to pursue the use of
coconut oil as a fuel to a
greater degree.

,
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caused the injector pump
problems. We went back to
raw filter coconut oil and the
problem was eliminated.

With
the
small
copra
production in the Marshall
Islands,
the
lack
of
infrastructure in the outer
islands, and lack of a budget
or source of funds for a
conversion plant, we wanted
to know not in theory but from
actual
experience,
what
happens if you run diesel
engines on 100% raw coconut
oil. One problem we don't
have and we share this benefit
with most copra producing
countries is that vour ambient
temperature doesn't get low
enough for coconut oil to
solidify.
We built a simple filtering and
delivery system. We pump
raw coconut oil into a 15,000
gallon settling tank. After one
week, we draw off any
sediment and pump into a
6,000 gallon tank through a 1
micron filter. After 3 to 4
days we draw any sediment
off the 6,000 gallon tank,
pump
through
a
water
separator into a 500 gallon
service tank, finally from the
service tank we go through an
additional
water blocking
filter through a metering pump
and dispense to vehicles. For
bulk sales, we go directly from

the 6,000 gallon settling tank
to the customer’s bulk carrier.
We started using 100 percent
filtered coconut oil in a Mazda
2900
pickup
truck
and
Mitsubishi Canter 1 ton
Flatbed truck in February
2002.
These were new
vehicles that had seen very
little petro diesel before our
use of filtered coconut oil
(FCNO). We ran for several
months with no observed
problems or difficulties. The
exhaust fume smell was very
pleasant like burning copra.
We routinely showed off our
experiment by holding a cloth
to the exhaust and smelling
the pleasant odor.
After
nearly two years of operation,
our technicians decided to try
our partially refined oil instead
of the FCNO. Our refinery
process was to remove some
of the gums and acids with
caustic soda, wash with water
then filter and dry.
The
Mazda truck engine started
malfunctioning. We used this
opportunity to open the
engine. There was very little
sign of wear and very little
carbon buildup.
It was
determined that the refined oil
had
excessive
water
in
suspension from the washing
process, and that’s what
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With this success, we started
running other trucks and larger
engines on the FCNO that had
been using diesel. Some of
these machines had been in
service for 50 years. Then we
started
having
problems.
Clogged
filters,
clogged
injector pumps, rising of oil
levels in crankcases, bad
engine performance. At first
we blamed the settling and
filtering process. That wasn't
the problem. We found that
coconut oil with its detergent
properties
dissolved
old
existing sediment in the fuel
tanks and fuel lines and
carried this debris to the filters
and injector pumps. Once a
few tanks of FCNO went
through the tanks and lines, or
when the tanks and lines were
cleaned, this problem stopped.
Some types of engines seemed
to tolerate FCNO better than
others. We noticed that in
some engines, crank case oil
levels rose. Obviously this
was from the FCNO and we
were concerned that the
degradation of the lube oil
could cause excessive wear to
crankshafts and bearings. Our
theory is that FCNO burns at a
lower temperature so that
piston rings do not fully
expand, and other physical
characteristics like fatty acid
gums.
allows
partially
unburned oil to leak by the
pistons into the crankcase.
We were concerned that there
could be a carbon buildup on
certain engines on the exhaust
valves and stems as a result of
lower operating temperatures

and incomplete combustion.
Engines that ran hotter had
less problems of this nature.
We were concerned that a
carbon buildup on valve stems
could cause valves to stick and
they could be broken off and
severely damage an engine. I
understand that in PNG they
have
had
successful
experimental use of 90%
FCNO with 10% kerosene to
help raise the operating
temperatures, improve the
viscosity and ensure more
complete combustion with less
resulting carbon buildup. We
have yet to try this mixture,
but
we
do
intend
to
experiment with a kerosene
blend. Our goal was to come
up with a product using as
much coconut oil as possible
that could reasonably be used
in any diesel engine.

oil as fuel.
We are also
experimenting with, pressure
lamps, stoves, and absorption
refrigeration for freezing and
chilling.

We still offer our blend, as an
experimental substitute for
diesel and further trials will be
done to optimize the ratios.
There
are
engine
characteristics designed for
the particular fuel. Since
current injector geometries
and valve opening pressures
have been optimized for
commercial diesel fuel, it
should be expected that the
spray pattern, droplet size,
penetration and air fuel
mixture
occurring
when
coconut oil is used in a
standard fuel injection system
would- be less than optimum.
Oxygen atoms in the coconut
oil not present in diesel,
A little over a year ago, we mitigate some of the adverse
started using a blend of 50% effects when compared with
FCNO with 50% diesel. standard diesel.
This blend, and being
alerted to the possibility of FCNO fuel is environmentally
rapidly clogged fdters from friendly, is a renewable energy
dissolved sediments now source
reduces
tailpipe
allows satisfactory use of our emissions, and reduces visible
FCNO. We now run all of smoke and noxious odors. Its
our diesel equipment on this non-toxic,
biodegradable,
blend. That includes engines safer handling and storage
from 5 horsepower up to than petroleum or other fossil
over 1,000 horsepower; we fuels.
It reduces carbon
do not notice any significant dioxide, carbon monoxide,
reduction in speed or power and sulfur dioxide emissions.
on most engines. We still sell It can be used in existing
100% FCNO to certain engines and fuel injection
vehicles. To maximize the use equipment
with
no
of FCNO probably requires modification required of the
in
our
tropical
experimenting and developing engine
different blends for different climates, and has minimal
on
operating
engines.
If
diesel
fuel effects
continues to rise in price and performance. It readily blends
the price margin continues to and
stays blended with
make coconut an attractive petrodiesel so it can be stored
financial alternative, we will and dispensed wherever diesel
continue
to
refine
and is sold. It has a very high
maximize our use of coconut flash point of 150 degrees
24

Celsius making it one of the
safest of all alternative fuels.
It’s the only fuel that can boast
a
zero
total
emissions
production facility.
Reluctance and Resistance
Despite our successes and the
economic and environmental
benefits, we have not been
able to get our electrical
power generation company to
use
FCNO.
Our
total
production would be less than
20%
of
their
annual
consumption and would have
cost savings benefits to them
in addition to the many
benefits to producers and to
the government.
This
reluctance
and
institutional resistance seems
to be typical in the industry. It
is linked in part to a lack of
familiarity, and the possibility
of additional responsibility.
With petroleum oil companies
posting the largest monthly
profits of any company in the
history of the world, engine
manufacturers and regular
large consumers are justifiably
concerned about the agenda
and
politics
of
their
relationships with these most
powerful fuel suppliers. Even
when petroleum companies
are cooperative there is a
concern of an underlying
resentment towards the use of
renewable bio fuels. Our
power generation company is
also engaged in a retail diesel
fuel sales company primarily
to fishing vessels. One of the
major clients that operates
dozens of long line vessels in
the Marshall Islands, has
agreed to accept our FCNO /
Diesel
blend
on
an
experimental
basis.
Management of the fuel
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supply company has indicated
that they will require a hold
harmless agreement before
they will sell any diesel for the
blend that relieves them of any
responsibility in the event of
engine damage caused by fuel.

fuel consumption of the steam
engine. As a result of Diesel's
vision, compression ignited
engines were powered by
vegetable oil, until the 1920's
and are being powered again,
today, by biodiesel.

There is a long history of
resistance to the use of bio
fuels. Rudolph Diesel the
inventor of the compression
ignition engine that carries his
name filed for a patent at the
Imperial Patent Office in
Germany on February 27,
1892. and demonstrated his
compression engine at the
Exhibition Fair in Paris,
France in 1898. This engine
had a 75% fuel efficiency
compared to the steam engines
at the time that had a 12% fuel
efficiency. The engine stood
as an example of Diesel's
vision because it was fueled
by peanut oil - the "original"
biodiesel. He thought that the
utilization of a bio fuel was
the real future of his engine.
He hoped that it would
provide a way for the smaller
industries,
farmers,
and
"common folk" to be a means
of competing
with
the
monopolizing
petroleum
industries, which controlled all
energy production at that time,
as well as serve as an
alternative for the inefficient

Rudolf Diesel is quoted as
stating: "The diesel engine can
be fed with vegetable oils and
would help considerably in the
development of agriculture of
the countries which use it."
"the use of vegetable oils for
engine
fuels
may seem
insignificant today. But such
oils may become in course of
time as important as petroleum
and the coal tar products o f the
present time."
Rudolph
Diesel
literally
disappeared in 1913 on a
voyage
from France to
England. There is historical
controversy
of
the
circumstances and timing of
Diesel's death. Some think it
might have been accidental or
even a suicide. Some suggest
he paid the ultimate price for
threatening the petroleum
industry
with
a
viable
alternative fuel available to the
underdeveloped populations of
the world.
The world wide concern of
dependency on petroleum, the
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escalating
prices,
the
possibility
of
depleting
supplies and the multitude of
political problems associated
with the industry has spawned
an international effort in
developing
renewable
alternatives. In the last few
years, we’ve seen publications
and hundreds of new articles
written about bio diesel. In
February this year in San
Diego, California the 4th
annual National Biodiesel
Conference and Expo was
held. There were an estimated
1,200 attendees and 125
booths displaying industry
equipment.
The
next
conference and Expo will be
held in San Antonio Texas
February 2007.
To our country, and to other
copra producing countries,
using FCNO can bring the
benefits of rural income
distribution, foreign exchange
savings, pollution reduction,
environmentally friendly and
sustainable energy. Filtered
raw coconut oil without any
further processing appears to
be the least cost-technology
solution with the most costbenefit and will help energize the
economies of copra producing
countries. 1 believe that private
industry and market pressures
will eventually result in increased
use of FCNO. The one single
effort that could accelerate this
use is government intervention in
the form of an executive edict or
appropriate legislation.
Jerry Kramer is Chief Executive
Officer,
Toholar
Copra
Processing Authority, Majuro,
Marshall Islands. This article is
an abridged version o f Jerry
Kramer 's paper presented at the
XL!I
APCC
COCOTECH
Meeting. 21-25 August 2006,
Manila, Philippines.
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