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INTRODUCTION

his is the second review of the Mon-
gana Report. It is rather unfortunate 
that a repetition of the Mongana 

trials were not attempted by any organisa-
tion to match the great contributions of the 
team of scientists who spent four years un-
der the Cooperative Board financed by the 
Institute for the Advancement of Scientific 
Research in Industry and Agriculture (IR-
SIA).The research work touched on every 
aspect of palm oil milling process. Probably 
the major palm oil producers should set up 
a joint international oil palm research uni-
versity located either in Malaysia or Indo-
nesia to further advance the milling process 
that seem to be getting insufficient attention 
compared to downstream activities. It can 
be financed by all the palm oil producing 
nations.
 

It will be interesting to review the com-
ments made by the Board in the preface of 
the Mongana Report:  ‘The Board of the Co-
operative Society thought that the collation 
in one single text of the conclusions availa-
ble from the four years of research would be 
of value to members. The Board also thanks 
the members of the research committee and 

their collaborators of the Mongana pilot 
plant and of the Brussels laboratory. Their 
dedication and hard work have made it 
possible to produce practical results of im-
mense value’. The assignment was complet-
ed by 31 December 1955. It is worthwhile to 
repeat the trials using modern technology. 
If that is not forthcoming then the best alter-
native would be to document the additions 
or improvements. 

CONVENTIONAL OIL LOSSES IN 
EMPTY FRUIT BUNCH

The oil absorbed by the empty fruit bunch 
(EFB) usually ranges from 0.3% to 0.4% in 
well operated palm oil mills when using 
horizontal sterilisers but may rise to 0.6% 
to 0.7% in vertical units (Stock Vol.  4). The 
intensity of oil loss in the EFB not only de-
pends on bunch ripeness and sterilisation 
cycle time but on the way bunches are fed 
into the thresher drum. This is where a 
good process supervisor’s skill can be as-
certained. The following   spells out the dos 
and the don’ts of sterilisation and thresher 
operations.

CROP QUALITY

Normally, three sterilisation regimes are 
provided by the supplier of sterilisation 
automation system. This is readily to select 



PALM OIL ENGINEERING BULLETIN NO. 10932

Feature Article

cycles to suit over-ripe, under ripe and ripe 
crop but in actual practice only one cycle 
is selected for all types of crop because the 
crop is always a mixture of all category 
of ripeness.  Some guidelines are given in 
Table 1 that may be adopted for sterilisation. 
If the chosen cycles does not give efficient 
sterilisation try different cycles until the 
best results are obtained.

THRESHER AND FEED SYSTEM

Irregular Feeding

Irregular feeding increases the contact 
time between the fruit bunches and EFB so 
that the released oil is absorbed by the EFB.  
This generally happens when the overhead 
hoist operator takes a break and to make up 
for the time lost, more cages will be lifted 
during a short time  resulting in bunch 
piling up. This can be avoided if the mill has 
a standard operating procedure (SOP).  If 20 
cages are to be lifted in an hour, there are 
3 min for each cage to complete a cycle. A 
fully automatic system can do it effectively 
if the thresher does not trip. Manual 
operation is bound to cause piling up as it 
is impossible to deliver one cage every 3 
min consistently. Another alternative is to 
get the spare worker or his supervisor to 
relieve him during his absence. Once a pile 
is created, it will continue to exist unless 
the cage lifting is decreased to match the 
thresher throughput.  Rigid observation of 
threshing a fixed number of cages per hour 
in all conditions is not a prudent operational 
procedure. Once the EFB absorbs the oil 
it is difficult to recover it unless another 

TABLE 1.  RECOMMENDED CYCLES FOR STERILISATION

Crop mostly over-ripe  80% Choose lowest cycle -  50  min, shut condensate  bypass 80% 
Crop  mostly ripe 80% Choose normal cycle - 80 min
Mostly under ripe 80% Choose longest cycle - 90 min, maximise de-aeration, keep 

condensate bypass fully open
Mixed crop Equal ratio of un-ripe, ripe and over-ripe. Choose normal 

cycle - 80 min

material capable of higher absorption 
property is in close contact with it for a 
reasonable time of contact. The recovery of 
oil absorbed by the EFB by shredding and 
pressing has three undesirable elements in 
it that discourages its wide application in 
all mills. They are: (a) the mill must have 
reserve power for operating the additional 
machines that could consume 100 kW,  
(b) the recovered oil is considered in the 
same category as sludge oil in terms of pric-
ing but many mills are known to add this to 
the oil line to increase their income, (c) the 
EFB oil will contain large quantities of gum 
and waxes that causes refining problems, 
(d) the effluent produced has a very high 
biological oxygen demand level in excess of 
100 mg litre-1.    

Short-term Overloading

The short-term overloading can cause   
the cradle bar interspace to be clogged re-
sulting in blocking the detached fruits 
from dropping through the thresher cradle 
into the conveyor below. Subsequently, the 
trapped fruits will be scraped away by the 
EFB and lost for good. If there is a spare 
thresher it will be good idea to interchange 
threshers every 4 hr so that the clogged cra-
dle gaps could be cleared. It is also possible 
to design a self-cleaning system so that it 
will not be necessary to have a spare unit.
 
Sterilised Fruit Piles 

The thresher feed hopper or conveyor 
should not hold piles of sterilised bunches 
as in such piles the oil will readily transfer 
into bunches at the bottom due to the pres-
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sure exerted by the top bunches. Therefore, 
it is important to ensure that bunches are 
laid in thin layers. The solution to this lies 
in automation of the whole operation so 
that manual errors are eliminated. The feed-
ing of sterilised bunches into the thresher 
also should be as gentle as possible avoid-
ing harsh contact with other bunches.

Vertical Sterilisers

In vertical sterilisers, the air volume is 
considerably reduced particularly the water 
filled version but the high water consump-
tion with the accompanying effluent pro-
duction rate give it some negative impact. 
On the other hand, the waterless version 
would cause excess oil absorption by the 
EFB.  The pressure exerted by the top fruit 
bunches on bunches below would increase 
the oil absorbed by the EFB as well as the 
condensate  even though the latter issue has 
been resolved by recycling the oil back into 
the clarification tank.

STEAM PRESSSURE/TEMPERATURE

Steam pressure indicated by the pressure 
gauge can be misleading as it does not in-
dicate the true steam pressure. It indicates 
the sum of the partial pressure of steam 
and the air and not the pressure exerted by 
the steam. If the steriliser contained 50%  
steam and 50% air and the pressure gauge 
showed a reading of 4 bara, it means that 
steam pressure is (1/2 x 4=2)  2 bara and the 
saturation temperature at this pressure is 
120.2°C. So despite the fact that the pressure 
gauge shows a good pressure the tempera-
ture is grossly inadequate for good sterilisa-
tion.  The example quoted is a little exag-
gerated as the air volume will normally be 
about one-quarter of the steriliser volume 
in which case the partial pressure of steam 
will be 3 bara with a saturation temperature 
at 133.5°C. The most sensible approach is to 
install a thermometer on the same limb as 
the pressure gauge so that the temperature 
readings will tell whether the de-aeration 

had been well performed. Thermometers in 
this case are more important than the pres-
sure gauges. 

CONDENSATE BLEEDING

The bleeding line plays a vital role in dis-
charging the air that is released from within 
bunches. It is continuously released from 
bunches when bunches get heated up. Heat 
transfer into bunches is a difficult process. 
The inner core of bunches can remain cold 
even after prolonged heating due to the air 
pockets that act as insulators. Steam can dif-
fuse into air located at the free space after 
sometime but diffusion into the air pockets 
within bunches may not be readily possible 
due to the air forming an insulation. 

MONITORING METERS

As explained before, the most important 
measuring instrument as a tool for efficient 
processing is the thermometer. This will 
give a true indication of the efficiency of de-
aeration operation and also whether it was 
carried out properly so that the necessary 
corrective action can be taken. The purpose 
of the pressure gauge is to monitor safety of 
the pressure vessel but does not help much 
in operation.

Non-conventional Methods of Oil Loss 
Reduction

Steriliser condensate. Some oil that oozes 
out will be absorbed by the condensate, 
stalks and the spikelet.  During the triple 
peak sterilisation, the oil discharged from 
the old loose fruit can exceed more than 
10% of the oil it contains. The loose fruits, 
collected from the field also shed oil during 
sterilisation but to a lesser extent. Gener-
ally, the oil lost in the steriliser condensate 
is only about 0.1% as a percentage to fresh 
fruit bunch although this may tend to rise 
if the over-ripe proportion of the crop is 
excessive. Even the oil loss of 0.1%  in the 
steriliser condensate can be brought down 
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if sterilisation process is carried out with 
special attention to cycle time to match the 
ripeness standard of the bunches. 
  
EFB and spikelets. The oil absorbed by the 
stalk and spikelets are difficult to recover 
by mechanical means as much effort must 
be made to prevent this absorption.  Mon-
gana Report suggests that the ideal solu-
tion would be to separately sterilise the 
loose fruits and the bunches. Since the oil 
loss from loose fruit is significant, millers 
should consider addressing this issue no 
matter what the obstacles are. 

Mongana Report itself justifies non-
acceptance of segregation by the millers of 
Mongana days   on the ground that it was 
difficult to do that in practice.  After five 
decades of living with the ‘difficulty’ issue, 
there should have been a renewed look at 
the problem by the industry to arrive at 
a practical solution.   After all, the loose 
fruits can be easily separated in the scraper 
bar conveyor used in the new mills for 
conveying bunches from the hoppers to the 
steriliser cages. The loose fruits can drop 
from the slotted base section of the scraper 
bar conveyor into another conveyor. It 
does not need any additional complex 
machinery to do that. If by doing this, the 
oil absorbed by the EFB is reduced from 
2.6% to 2.0% on sample (or 0.6% to 0.46% 
on fresh fruit bunch). This is translated to 
0.14% additional good quality oil recovery 
without resorting to the bunch shredding 
and pressing  activity that can only gives 
lower grade crude palm oil with the 
presence of undesirable gum and waxes 
that should not be allowed to return to the 
crude palm oil circuit because of its quality.
 

We do not have to stop at this point of a 
recovery of 0.14% of the residual oil. There 
is still 0.46% residual oil within the EFB and 
the aim should be to reduce the residual oil 
in bunch components half or even more.  
Even though solvent extraction can recover 
most of it that pathway is not considered to 

be environment-friendly. Besides that EFB 
being bulky and the solvent has to be re-
cycled, it needs a complex plant for oil re-
covery. The solvent evaporation rate is also 
very high.

Evaluation of Oil Absorbent Material to 
Recover Residual Oil Losses

There are absorbing materials in the mar-
ket that can be made into ropes or mops. 
Even though these materials in belt form 
readily absorb oil from wells or ponds, the 
absorbed oil can be easily and continuously 
retrieved by a simple press through which 
it moves. Instead of the belt configuration, 
they may be made into small pellets or 
balls and mixed liberally with the bunches 
and sterilised (the absorbent pellets should 
be able to withstand the prevailing steri-
liser temperature). The interspace between 
bunches can accommodate the absorbent 
balls so that no additional space is needed. 
Until this point, the system could be made 
to work but the difficult part is to separate 
the pellets from the sterilised bunches for 
oil recovery and re-use. 

A new invention (Google Search) for 
making oil absorbent kenaf balls and 
kits (patented in USA under US 7655149 
B1) appears to be very promising for our 
application. The invention is claimed to be 
based upon the discovery that kenaf balls 
made up of an entangled mass of kenaf 
fibres are capable of absorbing oil and 
other organic liquids from oil spill areas on 
land or water.  The absorption capability is 
claimed to be 1000% to even 1800% of their 
own weight. The kenaf ball has a density 
ranging from 20 g litre-1  to 150 g litre-1 , at  a 
mass ranging from  0.2 g to 10 g. The size of 
the balls has to be optimised for our specific 
application. If the balls are too flexible or 
spongy, they may have to be enveloped 
with some kind of netting to preserve 
their shape.  This can be an excellent 
research project for mill engineers, research 
organisations or universities. 
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The absorbent balls have to be separated. 
The question is before or after threshing? 
As the EFB can absorb considerable amount 
of oil within the thresher drum especially 
when overloaded, the preferred location is 
the thresher drum, the last point of poten-
tial oil loss in EFB. In the thresher drum, the 
cradle gaps are set to discharge fruits and 
if the absorbent balls are the same size or 
smaller than the fruits, they will follow the 
fruit path. If bigger, they will   follow the 
EFB path. 

Let us assume that the balls are the size 
of tennis balls and they follow the EFB. If 
these balls have iron studs on them they 
can be picked up by a strong electro mag-
net installed beneath the slotted portion of 
a sliding EFB conveyor so that separation is 
accomplished satisfactorily. 

If the absorbent balls are made to follow 
the fruits, the magnetic separation can be 
avoided.   The fruit can be sieved out of a 
conveyor having slots slightly smaller than 
the size of the absorbent balls. In this case, 
the balls should be slightly bigger than the 
biggest fruit as otherwise the small bunches 
may drop down through the thresher cradle 
gaps. 

If the proposed systems do not work, do 
not be disappointed. Engineers should not 
give up hope. Keep improvising until the 
desired solution is at hand. The proposed 
system is only one of the options. There 
may be many other options waiting to be 
tapped by innovative minded engineers. 
Currently, there are many qualified engi-
neers in palm oil mills. They should not be 
concerned only with the routine processing 
or maintenance work as these jobs can be 

handled by supervisory staff as the talent 
required is mainly management.

There will be good potential for the 
proposed system if the residual oil in EFB 
drops from 0.6% to say 0.3%.  Remember 
the recovered oil is good quality oil. In a 
palm oil mill,  processing  200 000 t FFB yr-1 
(30 t hr-1 mill), the oil recovered would be 
600 t. For its installation, the investment 
and operational cost are very minimal and 
the returns at a crude palm oil price of RM 
2500 t–1 is RM 1.5 million.

The quantity of absorbent balls, its cost 
and life cycle are important factors for mak-
ing a judicial decision on installing this sys-
tem.  A pilot plant can take the form of an 
existing steriliser cage filled with the nor-
mal fresh fruit bunch and the absorbent 
balls and selectively threshed in isolation 
after undergoing the sterilisation process. 
There is no cost involved here except the 
cost of the absorbent balls but an absorbent 
material can be used as a substitute which 
does not have to be in the shape of a ball. It 
can be the mop that is readily available.  Re-
sults of the initial trails may not bring about 
the desired oil recovery but over a period of 
time with the selection of better absorbent 
materials, it will be possible to achieve the 
goal.

Mills wishing to undertake this trial may 
contact a research officer in MPOB to work 
on a collaborative venture so that the trial 
can be conducted with a professional foot-
ing followed by the presentation of a sci-
entific paper and publication in an interna-
tional journal for recognition.

(To be continued)


