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ABSTRACT

resh fruit bunches (FFB) delivered 
to mills in Malaysia contain a high 
volume of trash that accompany the 

loose fruits when scooping loose fruits from the 
field using hand or tractor shovels. In the early 
days of the industry when loose fruits were 
handpicked, the problem of FFB contamination 
by trash was virtually non-existent. The acute 
labour shortage coupled with high labour cost 
has generated the present problem of high trash 
content in FFB. The sand, the main component 
of trash causes serious erosion on process 
machinery. In addition, the wasted iron is also 
picked up by the palm oil, which in turn become 
contaminated by the iron it picks up resulting in 
oxidation of the palm oil. In order to address this 
serious problem, many methods were tried out 
by the industry but none offered a satisfactory 
solution. This article presents a simple and 
effective method of selective elimination of trash 
in FFB based on 12 trials conducted in a mill 
in August and September 2011.  The volume of 
sand and stones removed was observed to exceed 
those observed in the conventional system. The 
implication of the study reveals that further 
system extension and development can bring 
about even better trash removal efficiency.
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INTRODUCTION

Fresh fruit bunches (FFB) consignment 
delivered to mills contaminated with trash 
still remains an unresolved problem. Trash 
is brought in together with FFB and loose 
fruits generally from the surrounding oil 
palm plantations. It very often contains 
high percentage of trash comprising  sand, 
mud, stones and vegetative matter, most 
of which in the form of calyx leaves. The 
abrasive elements are of primary concern to 
the maintenance of the mill. 

In Malaysia, with its acute shortage of 
labour in the plantation industry, manual 
loose fruit collection that ensures trash-
free loose fruit is no more possible. The 
manual collection has now given way to 
mechanical loose fruit collection using hand 
shovels, tractor shovels or other means.  
This method, invariably allows collection of 
a mixture of loose fruits together with the 
trash due to non-availability of an effective 
system to separate trash from loose fruits 
during the scooping operation especially on 
rainy days.  FFB harvesting, handling, loose 
fruit collection and evacuation are very 
labour-intensive.  The major contributor of 
trash is undoubtedly the loose fruits as its 
collection using hand shovels bring along 
with it a large portion of sand. Variation 
in trash quantity depends to a large extent 
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on the operational strategy, quality control, 
labour availability and weather conditions.  

The Mongana Report published by Lever 
Brothers after intensive research work 
by its scientists in Congo points out the 
need to remove sand and stones before 
processing the FFB.  In the past, there were 
many pro-active  attempts tried in vain by 
the industry to deliver clean and trash-free 
FFB to the mills. In the early FFB hopper 
designs, the inclined surface was slotted, 
being equipped with rail section the was set 
in such a way that only the trash could pass 
through the gaps but was small enough 
to retain the loose fruits.  However, it has 
been  phased out now due to a number of 
factors such as high cost of construction, 
frequent clogging of the hopper gaps,  high  
maintenance cost and high losses of  small 
loose fruits. FFB washing was also tried 
out using water bath and jet sprays but all 
of them came with a high price - additional 
effluent production. Until today, none have 
made any impact on the industry based on 
their outright rejection of all the systems 
that made its debut in the industry. 

In current mill designs, trash is 
progressively removed during the milling 
process. In the process operation, crude 
oil de-sander, nut polishing drums, de-
stoners, crude oil tanks, continuous settling 
tanks and decanters serve as sand removal 
systems. This reinforces the essential need 
to remove sand and stone for preventing 
tear and wear of machinery. However, the 
drawback of this removal method is that 
it is fighting the consequences of a wrong 
action by failing to address the root cause 
of the problem, which is allowing trash to 
enter the process system causing damages 
to  most of the  machinery.  

The Mongana Report further suggested 
removing as much trash as possible 
from the FFB before milling. This was to 
minimise the wear and tear of the machine 
from the beginning of the processing until 
the end as well as the iron contamination 
of crude palm oil (CPO) as that would 

lead to the deterioration of CPO quality. 
During this trial study, sand and stones 
were effectively removed before the milling 
operation commenced.  

BACKGROUND

An abrasive material sieving  equipment 
(AMSE) was designed to be an industrial 
working prototype equipment for the 
trial. Its capacity was designed to meet the 
mill’s processing capacity of 60 t FFB hr-1. 
It was installed at Kretam Palm Oil Mill, 
Sandakan, Sabah.

In this trial study, the actual mill 
throughput ranged from 45 t to 50 t FFB  
hr-1 and 95% of the crop was delivered from 
its own plantation. The crop processed 
averaged 700 t per day. Its plantation 
like any other Malaysian plantation also 
faced problems associated with labour 
shortage, a common scenario in the 
Malaysian plantation industry. Even with 
the labour constraint, its estate operation 
was well managed judging by its ability 
for having successfully implementing  
the good agricultural practices (GAP). 
One such practice was associated with 
trash minimisation and this estate did by 
installing lined FFB platforms on the road 
side to minimise contact of fruits with the 
soil. 

The mill was equipped with FFB 
conveyor system and cage handling 
indexers. The rest was conventional design 
installed with 15 t hr-1 FFB processing 
capacity presses, ripple mills, clay bath 
kernel/shell separators, de-sanders and, 
disc bowl sludge separators.  

SYSTEM DESIGN APPROACH AND 
CONFIGURATION

The design approach was a gradual 
process of reduction. Instead of separating 
all the loose fruits and trash in a single 
step, the design was aimed at reduction 
in quantity and weight. This was carried 
out by removing loose fruits and trash 
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from the FFB followed by direct filling of 
cages. The small sized mixed components 
of loose fruits and trash helped to reduce 
the engineering challenges and the capital 
investment.  

In this study, FFB were not washed 
despite the fact that the FFB are generally 
contaminated with sand and mud resulting 
from the estate operations. Cleaning could 
easily have been done by spraying jets of 
water and, or air. This might be left out for 
future consideration as part of the system 
development. 

A gap of 50 mm was used to separate 
the mixed components from all FFB. In one 
of the FFB conveyors proceeding to cage 
filling, 50 mm slot grates were installed 
in its bottom plates. The components 
travelling on it were allowed to fall through 
leaving FFB to proceed for cage filling. It 
then entered the separation and removal 
system for processing. Dissimilar specific 
gravities of the components was essential 
for effective and efficient separation. The 

system used water and multiple stages 
of separation. Water was used for its 
effectiveness in dealing with wet fruits 
during the rainy days and also for its role as 
a good medium of separation.

The 50 mm gap was selected so that it 
is slightly larger than the thresher drum 
slot size at 46 mm. Both shared the same 
objective of separating loose fruits from the 
bunches. In theory, bigger slot means better 
separation efficiency. In future trials, larger 
slot grate size will be assessed. However, it 
is limited to small empty bunches in order 
to prevent them from passing through. 
Too many such bunches could de-stabilise 
or even clog the separation system.  So far 
at 50 mm, this had not occurred during 
operation.  

SYSTEM DESCRIPTION

The mixed components removed from the 
inclined conveyor were fed into the primary 
separation system (PSS) for its separation 
and removal (Figure 1).  

Figure  1.  System schematic diagram.
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Loose fruits and vegetative matters were 
removed from the mixed components by 
the PSS. The polishing cyclone recovered 
any loose fruits lost in the waste stream 
that had bypassed the system.  Eventually 
all loose fruits and vegetative matters were 
dewatered at the vibrating screen and 
returned to the milling process. The PSS 
separated the sand and stones from the feed 
and conveyed  them out of the circuit  by 
conveyors as well as manually. 

The system used closed loop water 
circulation to minimise the effluent 
produced. The water washed off oil and 
oily substances from the loose fruits. These 
built-up on the water surface, eventually 
forming layers of oily scum. The system 
mechanically removed and returned the 
scum to the milling process. Ambient water 
temperature was used to minimise oil wash 
off, which is expected to be considerably 
more if hot water is used. Therefore, it was 
not used.

RESULTS AND DISCUSSION

Results presented here were based on 
the actual on-going daily and periodical 
measurements. The purpose was to 
determine the system performance and 
operational behaviour to aid necessary 
design changes and modifications.  The 
results obtained in August and September 
2011 reflected the typical results obtained 
during the past months and will be used in 
the following discussion. 

The system measurement quantified 
the various waste streams and machine 
conditions. In the study, loose fruits were 
not quantified because it was largely 
dependent on the estate operation. 
However, the separation system was 
designed to cater for this loading. So far, 
there was no overloading except on one 
loose fruit conveyor which was undersized.

The waste streams were sand, stones, 
critical process machine running hours, 

waste water characteristics, oily scum and 
system operational conditions. 

The results and their interpretation are 
applicable to this mill and plantation only. 
For example, a large volume of third party 
crop received by a commercial mill might 
have more trash because of high probability 
of adulteration. 

Waste Stream:  Sand   

During the review period, quantity of 
sand yielded was 6.1 kg t-1 FFB (Table 1). 
Moisture content in the sand was about 
50% of sample weight. This is a typical 
achievement. FFB weight of 19 126 t went 
through the separation system and the total 
wet sand removed was 116 670 kg or 116.67 
t. The total quantity would be more if not for
the system interruption like maintenance, 
cleaning and modification especially during 
the month of September.  It is reassuring to 
the mill that a significant quantity of sand 
and mud had been prevented from entering 
the process line. This would reduce the 
wear and tear of the mill machinery.

Waste Stream: Stone

The quantity of only the stone removed 
by the separator ranged from 0.7- 0.9 kg t-1 
FFB (Table 2). During this period (August 
and September 2011),  total mass of FFB 
passed through the system was 20 726 t 
and the total mass separated was  17.644 t  
at 0.86 kg t-1 FFB. Again, the total quantity 
would have been more if not for the system 
interruption. 

Stone Size and Population

The stone removed by the separation 
system was sorted out to evaluate yield, 
size and population distribution. For the 
purpose of illustration, the results obtained 
from the three days trials would be 
discussed in this article. With reference to 
Table 3, it can be seen that 72% of the stone 
diameter were below 10 mm whilst 34% 
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TABLE 1.  SAND QUANTITY IN FRESH FRUIT BUNCHES (FFB) DELIVERED TO 
KERTAM MILL

 Sand 
removal

FFB 
washed

(t) 

Cumulative 
total (t)

 Sand 
weight 

(kg)

Cumulative 
total 
(kg)

Sand 
removal

 FFB 
(kg  t-1 )
YTD*

3 Aug 645 645 6 050 6 050 9.4 9.4

6 Aug 1 071 1 716 4 620 10 670 4.3 6.2

10 Aug 2 259 3 975 11 100 21 770 4.9 5.5

13 Aug 1 073 5 048 9 720 31 490 9.1 6.2

20 Aug 1 997 7 044 6 760 38 250 3.4 5.4

24 Aug 1 660 8 705 12 750 51 000 7.7 5.9

27 Aug    890 9 594 5 280 56 280 5.9 5.9

3 Sep 1 171 10 765 4 720 61 000 4.0 5.7

7 Sep 1 451 12 216 7 320 68 320 5.0 5.6

10 Sep 1 791 14 008 23 430 91 750 13.1 6.6

21 Sep 3 532 17 540 13 440 105 190 3.8 6.0

27 Sep 1 586 19 126 11 480 116 670 7.2 6.1

Total -  19 126 - 116 670  - 6.1

Note:  *YTD – yield to date.
1. Sand was removed from the system periodically, mostly on weekly basis.
2. The system under review was also undergoing required modification for improvement.

Certain days it was not running (Table 3).
3. FFB weight was determined by the number of cages filled and its average cage weight

whenever the separation system was in operation.
4. Period under review August  and September 2011.

were at below 5 mm (Figure 2 for physical 
stone size). The small stones removed were 
significant.

This implies that in the absence of the 
separation system these stones would 
have entered  mill process line. Nut 
polishing drum commonly would reject 
objects sized 30 mm and above and allow 
the rest to enter the de-stoner. The latter’s 
suction  pipe diameters is usually set to 
reject objects sized 20 mm and above, and 

allow 20 mm and below to proceed to the 
nut silo for eventual cracking. It is certain 
that the above stones with size 10 mm and 
below will eventually end up in the nut silo 
together with the nuts. 

Total Stones in the Separation System, 
De-stoner and Nut Polishing Drums

The previous analytical results on stone 
separation were solely based on those 
removed by the separation system. This 
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TABLE 2. STONES REMOVED IN AUGUST AND SEPTEMBER 2011 FROM 
FRESH FRUIT BUNCHES (FFB)

Month FFB passed through (t) Stones removed (t) Stones (t t-1 FFB)

August  10  290 9.134 0.89

September 104 360 8.510 0.82

TABLE 3.  SEPTEMBER 2011: STONE SIZE AND POPULATION DISTRIBUTION

Date

Separation system: stone size and population distribution

0 - 5 mm 5.1 - 10 mm 10.1 - 15 mm 15.1 - 20 mm > 20 mm 

Qty % Qty % Qty % Qty % Qty %

28 17 19 43 47 14 15 11 12 6 7

29 35 47 25 33 8 11 4 5 3 4

30 36 36 32 32 8 8 12 12 11 11

Avg 29 34 33 38 10 11 9 10 7 7

Note: Stones diameter below 10 mm = 34% +38% = 72%.

Figure 2.  Illustration of stone physical size.
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ending up in clarification tank, to the boiler 
through fibre cyclones or to nut crackers.

The de-stoner would find difficulty to 
separate stones and DxP nuts that are either 
similar in size, 10 mm to 16 mm, or weight  
stones that  are smaller in size but matching 
the weight of a large nut (Figure 3). It would 
convey both to the nut silo for eventual 
cracking.   

Machine Running Hours

Machine operating hours were used 
to measure the benefits of removing the 
abrasive materials from the FFB. Press and 
ripple mills were used in this assessment 
because the machines were subjected to 
maximum wear rate in the mill.  Forcefully 
overloading a machine can result in its 
abrupt stoppage leading to mill downtime. 
It is the nature of all the respective abrasive 
feed materials fed into the machines that 
accelerate its wear and tear. Results can be 
seen in a relatively short time. The running 
hours can also reflect other machine 
performance.

The operating hours and determination 
of machine parts replacement are specific to 
the mill only. These may not be similar with 
other mills. Different practices, design and 
nature of abrasive material received will 
affect the outcome of the running hours.  

The mill determines the machine parts 
replacement by process conditions. In 

Figure 3. DxP and similar size of stone.

section will discuss the removal of all stones 
using  other  mill stone removal systems. 

Whenever the separation system 
operated, there was a marked increase of 
stones separated by about 100%.  This is 
demonstrated in Table 6. With the system in 
operation,  1 kg of stones were removed per  
tonne FFB processed  in contrast to 0.49 kg 
without the system. The stone distribution 
among the separation system, de-stoner 
and nut polishing drums were 67%, 20% 
and 13% respectively.  The above results 
demonstrated the fact that the separation 
system was effective in removing more 
stones before the mill process. It also 
confirmed the inefficiency of the current de-
stoner and nut polishing drums. 

In order to find out what happened 
to the extra and unaccounted stones, 
especially the smaller ones, in the absence 
of the separation system, we may make the 
following observations and assumptions. 

Some of the bigger stones, above 20 mm, 
if escaped  the thresher drums, de-stoner 
and nut polishing drums, could have been 
crushed  into smaller pieces by the digester 
arms or  presses screws ending up in the 
boiler or the nut crackers. Crushed stones in 
the presses fibre are a common sight. 

Small stones having the size 10 mm 
and below may go along with steriliser 
condensate, end up  in EFB presses, pass 
though rarely through  press cage holes 
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ripple mills used for cracking nuts, the 
drop in cracking efficiency would indicate 
that  parts replacement is due. In the case 
of  screw crew presses,  its wear rate being 
proportional to the volume of FFB it has 
processed (indicated by the operating 
hours), and confirmed by the increased oil 
loss in fibre and high nut breakage.  This 
information  would signal  the time for 
parts replacement. 

Ripple Mill Nut Cracker

In this study, the mill operated only one 
nut  process line with two ripple mills. The 
ripple mill capacity was 8 t hr-1. Most of the 
time one machine was in operation at any 
one time. The maintenance mostly involved 
replacement of worn-out rotor rods made 
of short lengths of carbon steel pipes used 
as wear pipes.

Before installing the separation system, 
the ripple mill operating hours averaged at 
about 100 hr – 150 hr. With the separation 
system in operation, the machine running 
hours increased significantly to 300 hr – 
400 hr. The percentage increase in running 
hours was three-folds.

Press

The mill had four units of presses 
capable of processing 15 t hr-1 of FFB. The 
replacement parts were mainly press 
screws, press cages and screw shaft on 
which the screw was fitted.  The mill 

practiced reconditioning of old screws by 
building up the worn portions by welding 
and hard-facing its active screw ends.  

Before installing the separation system, 
the screw life span averaged about 850 hr. 
With the separation system, the operating 
hours increased to an average 1100 hr 
indicating a 30% increase in its life span. 

Based on the improved operating hours 
and the ability of the system to remove more 
sand and stones than the current design 
before milling, we expect improvements 
on the useful life span on the rest of the 
machines and systems.  

Waste Water Characteristics

The system can have a closed loop water 
circuit where water recycles within the 
system. During operation, the make-up 
water to replace losses caused mainly by 
carry over water by washed fruits,  averaged 
40 litres t-1  FFB. It varied according to the 
quantity of loose fruits. Weekly water 
replacement was about 25 000 litres or 25 t.

The nature of water being circulated, 
its pollutants, such as dissolved solids or 
suspected solids, would build up over a 
period of time in the separation system. Its 
strength varied depending on the incoming 
trash characteristics. Table 4 is a typical 
example. All waste water was pumped to 
the effluent treatment ponds for treatment. 

TABLE 4.  THE CIRCULATING WATER CHARACTERISTICS

pH BOD COD Suspected 
solids

Total
solids

Oil and 
grease

Total
nitrogen

Ammonical
nitrogen

4.36 15 125 30 645 12 900 15 204 3 876 237 29

Note: *Units are in ppm. 
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The quantity of the waste water was 
relatively small in comparison to the 
current mill effluent and the treatment 
plant capacity. The treatment plant would 
be able to treat this additional loading. Its 
impact on the total mill effluent generated 
is not significant.

Oily Scum Layer

Oily scum layer formed on top of the 
water surface in the system water tank 
over a period of time. This was the result 
of water carrying some oil and oily matters 
back to the tank on contact with the fruits.
These oily matters floated and accumulated 
on top of the tank. On an average 14 hr 
daily operation, approximately 470 g of oily 
scum were corrected and recycled  to the 
milling process. The constituents of the oily 
scum are shown in Table 5. 

The oil content was high at about 60% of 
the oily scum. Therefore, it was returned to 
the milling process for oil recovery. Despite 
its high free fatty acids, it was returned 
for oil recovery because the quantity was 
insignificant.  

Electrical Consumption

Electrical power required to operate the 
system was 40 kW comprising conveyors, a 
vibrating screen and pumps. 

CONCLUSION

The abrasive wastes removed by the 
separation system far exceeded the initial 
expectation. The advantage in these 
removals at the early stage of milling 
process is obvious. The amount of wet sand 

removed was high. The significant amount 
of small stones removed was higher than 
expected. The mill conventional design is 
not capable of separating and removing 
them before milling. The separation system 
helped to minimise both these problems. 
The results based on August and September 
2011 trials shown in Tables 6 indicates that 
the combined sand and stone removal of  
6.95 kg t-1 of FFB was indeed significant.

As long as the harvesting, handling 
and evacuation of bunches involve present 
system of work and extensive manual 
efforts, the trash received from the estates 
will remain perpetual. The amount varies 
being very much depended on estate 
management control and agricultural 
practices. Perhaps, one day estate 
mechanisation will hopefully solve this 
problem.  

Commercial mill may encounter 
excessive trash in FFB because of higher 
possibility of contamination usually found 
in FFB merchant’s crop. The quantum 
of trash is expectedly higher than a mill 
that processes its own crop. This separate 
system should be part of the overall mill 
trash removal systems.  

SYSTEM ENHANCEMENT

Although the present prototype achieves 
good results, its efficiency can be improved 
further. In the stone removal system, we 
found that it can only remove 60% of the 
total stones. This result alone motivates 
further development. Furthermore, the sand 
removal can be increased by incorporating 
FFB washing although it can introduce the 
undesirable additional effluent. Whatever 
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TABLE 5. CONSTITUENTS OF THE OIL SCUM 

Products Free fatty acid Water Oil Total

Weight (g) 31.57 35.9 58.41 125.88

Proportion (%) 25.10 28.5 46.40 100
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TABLE 6. TOTAL STONES REMOVED FROM THE MILL PROCESS IN SEPTEMBER 2011

Date

Nut polishing Nut polishing Destoner (kg)
Stones/foreign 

matters

Separation 
system

Total stone/ 
foreign 

materials

Stone/ 
FFB

FFB
Processed

RemarksDrum No. 1 Drum No. 2

Wt. 
(kg) % Wt. (kg) % Wt. kg % Wt. (kg) % Wt. kg kg t-1   t

1 - -  - -  - -  - - -  - - No milling
2 56.0 9.2 54.0 8.8 140.5 23.0 360 59.0 610.5 1.0 584.0  -
3 54.0 14.6 50.2 13.6 134.5 36.5 130 35.3 368.7 0.8 455.4 System ran late
4  -  - -  - - - -  -  - - - No milling
5 45.4 3.2 42 2.9 152.5 10.7 1 190 83.2 1 429.9 1.4 996.9   -
6 48.8 6.5 44.0 5.9 132.5 17.8 520 69.8 745.3 1.3 581.2  -

7  -  -  - - -  -  - - - - - Machine 
maintenance

8 48.4 4.7 41.6 4.1 144.5 14.1 790 77.1 1 024.5 1.2 879.0  -
9 54.0 4.0 50.2 3.7 148.5 11.1 1 090 81.2 1 342.7 1.2 1 152.9 Machine repair

10 60.5 19.3 58.2 18.5 195.5 62.2  - - 314.2 0.4 717.6 Sand and mud 
removal

11 48.5 18.5 45.2 17.2 168.5 64.3  - - 262.2 0.9 294.8 System 
modification

12 78.2 18.1 74.5 17.2 280.5 64.8  - - 433.2 0.4 1 040.4 System 
modification

13 66.4 17.7 62.5 16.7 245.5 65.6  -  - 374.4 0.5 722.5 System 
modification

14 46.5 20.1 44.2 19.1 140.5 60.8  - - 231.2 0.8 294.6 System 
modification

15 67.5 10.3 64.2 9.8 210.6 32.3 310 47.5 652.3 0.6 1 088.5  -
16  -  -  -  -  - - - - - - - No milling
17 64.5 7.7 60.2 7.2 198.5 23.8 510 61.2 833.2 0.7 1 165.3  -
18 42.0 4.4 38.5 4.0 128.5 13.4 750 78.2 959.0 2.0 473.9 -
19 58.5 6.9 56.2 6.6 190.5 22.5 540 63.9 845.2 1.0 873.0  -
20 46.4 11.2 40.0 9.6 148.5 35.8 180 43.4 414.9 0.6 753.5  -

21 65.2 17.7 62.0 16.9 240.5 65.4  -  - 367.7 0.5 708.5 Sand and mud 
removal

22 56.0 21.2 48.0 18.1 160.5 60.7  -  - 264.5 0.5 562.4 Machine repair

23 56.4 21.3 50.2 18.9 158.5 59.8 -  - 265.1 0.5 535.3 Machine repair

24 48.2 6.8 42.0 6.0 145.5 20.6 470 66.6 705.7 1.1 627.9  -
25 50.2 10.0 46.8 9.3 155.5 30.9 250 49.8 502.5 0.9 564.7  -
26 56.2 7.5 48.8 6.5 148.5 19.7 500 66.4 753.5 0.8 903.6  -

27 58.2 19.5 54.4 18.2 186.5 62.4 -  - 299.1 0.4 706.2 Sand and mud 
removal

28 57.4 19.9 50.2 17.4 180.5 62.7  - - 288.1 0.4 693.2 Sand and mud 
removal

29 54.2 7.6 50.5 7.1 158.5 22.2 450 63.1 713.2 1.1 665.7  -
30 58.4 7.8 55.2 7.4 164.5 22.0 470 62.8 748.1 0.9 827.7  -

With the separation system running
Total 852.7 7% 784.4 6% 2 502.10 20% 8 510.0 67% 12 649.2 1.00 12 593.2

Without the separation system 3 099.7 0.49 6 275.6

Note: FFB – fresh fruit bunches.  
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learned from this prototype would 
facilitate future system developments. It 
can incorporate better systems to separate 
mixed components of loose fruits and trash 
from FFB and FFB washing. 

Conservatively in the present scenario 
of 95% own crop, the future system could 
promote  trash removal by another 50% 
from the current level. This could possibly 
approach   10.4 kg   t-1   of FFB.
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