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ABSTRACT

n the overall chain for the palm oil 
production, large quantities of biomass 
by-products are generated, up to almost five 

times the oil production (on dry weight). Most 
of the materials are generated in Malaysia and 
Indonesia, accounting for 87% of world’s palm 
oil production. The use of these residues as 
by-products for materials, energy, green 
chemicals or biofuels offers perspectives for 
development of an economic and environmental 
sustainable food oil production chain that fits 
well in the development of a bio-based economy. 
This requires that any biomass extraction from 
oil palm plantations does not negatively affect 
the nutrient balance and soil organic matter 
content. 

The present work describes the development 
of a 5 t hr-1 pre-treatment plant (PTP) line-up 
for these materials to arrive at a standardised or 
commodity product that can easily be handled in 
road transport and intermediate storage. Results 
are included for the pre-treatment of (i) empty 
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fruit bunch from the palm oil mill, (ii) both fresh 
and (iii) plantation dried oil palm fronds, and 
(iv) oil palm trunks from replanting.

A full PTP suitable for processing of all 
materials includes a two-stage size reduction, 
belt dryer (suitable for using pre-heated air), and 
a cubing machine to produce compacted cubes. 
The technology selection and equipment sizing 
were fully supported by results of an extensive 
field test programme carried out in Malaysia 
with local biomass and with commercially 
available equipment. The developed PTP line-
up is generic with few equipment for all biomass 
materials assessed (expect for the initial size 
reduction steps). As all required technologies are 
commercially available, the PTP can be installed 
commercially when a project opportunity arises.

INTRODUCTION

In the overall palm oil production chain, 
large quantities of biomass by-products 
are generated, up to almost five times the 
oil production (on dry weight). Most of 
this material is generated in Malaysia and 
Indonesia, accounting for 87% of world 
palm oil production (AOCS, 2011). 

The main residues from the plantation 
and the palm oil mill comprise empty fruit 
bunches (EFB), oil palm trunks (OPT), oil 
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palm fronds (OPF), fibres and shells. Fibres 
and shells are typically used in the mill 
for energy generation, with some minor 
alternative material use of fibre for the 
production of particleboard, eco-mat, and 
others. EFB is used for mulching, however, 
large volumes are not utilised effectively 
due to the high cost of transportation to 
other industries like cement factories which 
can substitute fossil fuel with EFB. The high 
moisture content of EFB reduces its energy 
content making it an unattractive fuel. 
However, with the green energy technology 
funding and other incentives initiated by the 
government of Malaysia,  many investors 
are seriously considering EFB as a potential 
fuel for renewable energy generation 
as well as for the production of paper 
and pulp. The material has only limited 
application for plywood and fibreboard 
manufacturing. OPF  are generated during 
pruning operation and as part of the good 
agricultural practice (GAP), the OPF is 
left in the field for providing a continuous 
supply of recycled nutrients and a soil cover 
to promote surface water infiltration and 
erosion control. Trunks are only available 
during replanting time after a 20 - 25 year 
growth cycle and they are generally left 
in the field for eventual bio-degradation.  
Results from the Malaysian Palm Oil Board 
show that the palm trunks can be a useful 
source for the production of plywood and 
particleboard with acceptable quality. It 
can also be used for the production of 
plastic composites, for the local automobile 
industry.

The palm oil industry is undergoing 
rapid changes, not only in the technologies 
for the palm oil production itself, but 
also for the use of the residues derived 
from it (Kandiah, 2010). The potential 
for commercialisation of oil palm-based 
biomass is huge, given that the residues are 
readily available in very large quantities 
amounting to 16, 75 and 14 million 
tonnes annually for EFB, OPF, and OPT, 
respectively (on wet basis) (Anis et al., 2008). 
In 2007, it was estimated that the oil palm 
biomass is more than 30 million tonnes 

per year from the more than 400 mills (4.2 
million hectares) in Malaysia alone.

 
The use of the residues as ‘by-products’ 

for materials, energy, green chemicals, or 
biofuels offers perspectives for develop-
ment of an economic and environmental 
sustainable food oil production chain that 
fits well in the development of a bio-based 
economy. This requires that any biomass 
extraction from oil palm plantations does 
not negatively affect the nutrient balance 
and soil organic matter content. 

The pruned OPF as a soil conditioner 
cannot be substituted directly by fertiliser 
additions. Therefore, OPF should not 
– or only limitedly – be removed from 
plantations. No data is available to 
determine how much OPF can be removed 
without compromising sustainable oil palm 
production. EFB contains relatively small 
amounts of nutrients, but is often used to 
promote oil palm growth on small areas of 
poor soils in plantations. Its recycling may 
not be necessary to maintain soil fertility in 
some fertile coastal clay soils and there is 
a clear opportunity to take these as a feed 
material for alternative applications. 

OPT and OPF from replanting 
could probably be removed without 
compromising the sustainability of the 
palm oil production. Removal of OPT and 
OPF improves access for machinery for 
land preparation and replanting, and it may 
reduce damage to replanted palms. There 
is no significant impact from the extracted 
nutrient load as it would otherwise be 
largely lost in drainage water (Giller et al., 
2009).

SCOPE/OBjECTIVE

Utilisation of the EFB, OPF and OPT has 
technical challenges, as the materials are 
heterogeneous, have a high moisture con-
tent, and are very fibrous. This hinders 
large-scale processing and application 
where standardised feedstock is desired. 
The present work describes the develop-
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ment of a pre-treatment plant (PTP) line-
up for these materials to arrive at a stan-
dardised or commodity product that can 
easily be handled in road transport and in-
termediate storage. This leads to the follow-
ing requirements.

• Moisture content. The moisture content 
of biomass ex-PTP plant must at least 
be below 15% to prevent degradation. 
A moisture content of 10% was set as 
design value.

• Density. Compacting is required 
to reduce transport volumes. Via 
compacting, also the fibrous and 
heterogeneous biomass materials are 
homogenised and become easier to 
handle in a downstream process with 
less risk of plugging.

• Product size. The PTP output specifica-
tion for the compacted biomass was set 
to smaller than 30 mm. However, with 
minimal small particles to reduce dust 
and fines emissions during transport 
and processing. 

• Low dust and fines load. Dust and 
fines in the process lead to health and 
safety (HSE) issues and result in loss 
of biomass material. The PTP design 
must target at minimal dust and fines 
formation and losses.

The envisioned scale of PTPs is 5 t 
hr-1 (dry output), matching typical EFB 
availability in a palm oil mill, as well as 
with current typical equipment capacities 
in the palm oil industry. Specific objective 
is to develop a technology line-up that is 
(i) lowest in capital cost, (ii) robust (i.e. 
minimum operator intervention required), 
and (iii) suitable for all three materials. 
Specific items investigated were mechanical 
dewatering versus a forced dryer, drying in 
a solar bay drying versus a belt dryer, and 
compacting to cubes or to pellets.

ExPERIMENTAL

Feedstock

The three different residues assessed 
in this study differ significantly in their 

fibrous nature, composition, particle size 
and moisture content.

EFB was available directly ex palm oil 
mill as chunks from shredded bunches 
(after the so-called primary pressing, which 
is a common processing step) with ~60% 
moisture content. The length of the as-
received EFB chunks varied from 5 to 10 cm 
(2 to 4 inches).

OPF was assumed to be extracted from 
the plantations either fresh with ~70% 
moisture content or after a certain period 
of on-field natural drying with an average 
moisture content of ~15% (Figure 1). 
However, there is a significant difference 
between the thick part of the stem 
(moisture content ~45%) and the leaves 
(moisture content ~7%). For designing a 
pre-treatment, and especially the drying 
section, the average moisture content of the 
shredded dried OPF has to be taken, which 
was determined to be ~15%. Upon the field 
drying degradation of the matter in the 
stem had taken place, resulting in loss of the 
binding material but the fibrous structure 
remained, which was more difficult to cut.

Figure 1. Dry oil palm fronds  in the field.

For the design of the pre-treatment line-
up,  OPT from replanting were assumed 
to be available as complete trunks with 
~70% moisture content. For purpose of 
the test programme, a palm trunk was cut 
into block sizes. In this way, the biological 
characteristic of the trunk can be better 
preserved. These blocks were sawed into 
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smaller chunks with a chain saw to prepare 
feedstock for the shredding tests. For 
industrial processing of trunks, the sudden 
abundant supply within the three months 
replanting period could be a challenge. In 
a separate study (not reported here) the 
authors have investigated if the whole 
trunks could be stored for a prolonged 
period of time. Conclusion from that work 
was that OPT can be stored outside for a 
period of six months without detrimental 
degradation of the material. Outside 
storage of OPT allows for peak storage for 
pre-treatment facilities.

Size Reduction

Purpose of the size reduction is to reduce 
the size of the fresh bulky incoming biomass 
to allow the drying stage, with the second 
requirement to minimise the formation 
of small particles and fines. Available 
equipment comprised commercial EFB 
shredder, wood chipper and a mobile 
chopper connected to the drive of a diesel 
tractor.

Mechanically Dewatering

For the investigation of mechanically 
dewatering system, a Super Press designed 
by a local manufacturer was tested. This 
machine is occasionally seen in some palm 
oil mills where it is used for double pressing 
of EFB to increase the oil yield. The main 
function of this mechanically dewatering 
system is to reduce the bulk of the moisture 
content (down to about ~40%) to reduce the 
thermal drying requirements which could 
be costly. As this Super Press is designed as 
a heavy duty machine its capacity is lower 
than the normal pressing units.

Drying

For the drying system, a solar bay 
drying and an encased belt dryer system 
were investigated. Solar bay drying or 
natural drying relies on heat from the sun 
for drying. Tests were conducted in the 
drying bays at the MARDI R&D Centre 

in Kuala Lumpur. The bays are equipped 
with blower fans and Okada sweepers 
(for material transfer and mixing for even 
drying purposes), and a thermograph for 
continuous recording of the solar house 
temperature and humidity during the tests. 
For solar bay operation, the main critical 
issues is the initial distribution of material 
upon unloading. The initial material 
distribution shall be carried out fast by a 
prime mover (e.g. bob cat skid steer loader, 
tractor shovel, or forklift) before running 
of the Okada sweeper. This pre-levelling 
is crucial to allow the Okada sweeper to 
travel along its travelling path without 
being blocked by high heaps of material. 
The sweeper will help in partial material 
levelling (just few centimetres higher than 
desired material height, normally set at 8 
inch) under its accessible path.
 

A simple drying belt test rig initially 
was used to test the so-called encased belt 
drying. This unit is a scale-down model 
of a commercial technology developed 
for the drying of (chicken) manure. The 
unit was shipped from the Netherlands to 
Malaysia. In the dryer, cross flow heating 
is carried out using warm ambient air 
blown by electrically driven fans. Drying is 
expected to take place much quicker in this 
way compared to blowing hot air over the 
materials as in the solar bays.

To determine (initial) drying curves 
for the biomass materials, a small batch 
test set-up was constructed. The unit is a 
35 cm by 35 cm square container in which 
air is fed at a certain temperature and 
velocity. Temperatures can be controlled 
between ambient and 80°C with a flow rate 
of 110 Nm3 hr-1. The complete test rig was 
continuously weighted, and the weight 
reduction is attributed to the evaporation 
of the water. Knowing the initial moisture 
content, the average moisture content in the 
drier can be plotted versus the time. The 
test rig was filled with 3 to 10 kg biomass 
material, approximately 25 cm in height. 
Typical test duration was 300 min.
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Compacting

For compacting, two types of units have 
been applied, i.e. a pelletiser and a cubing 
machine. The pelletiser was based on a Flat 
Die technology developed by Amandus 
Kahl (Germany). A test unit was shipped 
from Europe to Malaysia for the test 
programme. In the pelletiser, feedstock is 
pressed through the die by the rollers. The 
quality of the pellets depends to a large 
extent on the type of die in relation to the 
feedstock moisture content and particles 
size. In the test programme various types 
of dies have been used. Some of the dies 
were modified on-site to improve the 
performance.

The cubing machine applied in the tests 
was commercial system used to produce 
cubes from different feedstock. The 
machine uses a standard die with size of 
28 mm x 28 mm (square) and is driven with 
a 150 hp motor. It has a design capacity of 
8 - 10  t hr-1, but effectively the capacity was 
limited to 4 - 5 t hr-1 according to supplier’s 
information. The cubing machine can 
accommodate larger particles as feed than 
the pelletiser. 

TEST PROGRAMME RESULTS

Size Reduction

No further size reduction has taken place 
for the EFB, as it is already shredded in the 
first stage pressing step at the palm oil mill. 

The commercial EFB shredder was 
used for the initial shredding tests with 
the fresh OPF, field-dried OPF and trunk 
chops. Shredding of OPF and trunk chops 
resulted in complete destruction of the 
structure of the biomass, excessive fibres,  
dust formation and material losses. The 
shredded material was not suitable for 
further processing. Alternatively the 
commercially available wood chipper 
was used for the fresh and dried OPF, and 
trunk logs, which produced better quality 

‘chipped’ materials with respect to fibrous 
nature and dust load (Figure 2).

In the solar bay drying tests   of fresh 
OPF, a mobile chopper connected to the 
drive of a diesel tractor was used. This 
mobile set-up is easily transportable to 
individual drying bays and the adjustable 
arc of the discharge chute enables the 
chopped OPF to be spread at the bay to 
ease levelling work. Due to the light duty, 
the chopper was not suitable for the other 
materials.

Mechanically Dewatering

Tests have been carried out with all 
(fresh) materials. The work shows that 
substantial reduction in the moisture 
content can be achieved (Table 1) however, 
the palm residue structure appears to be 
severely damaged and a much more fibrous 
and low density material is obtained. 
Furthermore, the process generates a 
waste water effluent that requires proper 
handling.

Solar Bay Drying

Several solar bay drying tests were 
conducted with: (i) as-received (shredded 
and pressed) EFB, (ii) mechanically 
dewatered EFB, (iii) shredded OPT and 
(iv) mechanically dewatered OPT. Samples 
were taken to measure the moisture content 
during the drying process to prepare drying. 
The initial slopes of these curves indicate 
the drying rate (Table 2). Values for the 
moisture drop ranging from 0.05% to 2.5% 
per hour were typically observed, which is 
in accordance with past results presented 
by MARDI  for fresh OPF (Furuichi et al., 
2002). This corresponds with values of 10 
to 70 kg hr-1 water evaporation (reference to 
1000 kg material on dry basis).

A general observation for solar bay 
drying was that the mechanically mixing of 
the material by the Okada sweeper caused 
a further size reduction during the drying 
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process, while fines present in the feed or 
formed due to the mixing are easily blown-
away by the air flow over the drying beds 
resulting in significant material losses.

For as-received EFB solar bay drying 
reduces the moisture content from the 
initial ~45% down to about 10% in roughly 

Figure 2. Chipped palm trunks.

TABLE 1. MOISTURE CONTENT AND DENSITY BEFORE 
AND AFTER MECHANICALLY DEWATERING

 
Moisture content (%) Apparent bulk density (kg m-3)
Before After Before After

EFB 50-60 38-45 80 N/A
OPF (fresh) 70 45 300 110
OPT 70 45 222 120

Note:  EFB  – empty fruit bunches.
 OPF  – oil palm fronds.
 OPT  – oil palm trunks.
 N/A  – not available. 

TABLE 2. INITIAL DRYING RATES FOR SOLAR BAY AND BELT DRYING REFERENCE TO 1000 kg DRY 
BASIS MATERIAL

Drying rate (kg hr-1) Solar bay drying Belt drying
EFB shredded / pressed 5 – 12 200
EFB double pressed 20 200
Trunks shredded 20 - 60 100
Trunks double pressed 30 300

Note: EFB – empty fruit bunches. 

80 hr. Only after 60 hr, the drying curve 
levels off. For the mechanically dewatered 
EFB already after 50 hr a level of ~10% 
is reached; the drying rate is higher. 
Mechanically dewatered material enables a 
faster reduction in moisture content, which 
can be explained by the smaller particle 
sizes. The tests with OPT  gave comparable 
drying curves for the EFB tests.

In some tests with both EFB materials 
it was observed that even during the night 
with the sweepers switched off (fans were 
running) there was significant moisture 
reduction. For the double pressed material 
this was most pronounced. This was 
explained by degradation (i.e. ‘rotting’) 
of the material in the stagnant bed layer 
resulting in an in-bed temperature 
exceeding 60°C. The drying time was 
reduced from ~30 hr down to ~15 hr, 
however, in this uncontrolled process the 
material was severely degraded resulting 
more fines in the dried product.
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Belt Dryer

Experiments in the belt dryer were 
performed with: (i) as-received EFB, 
(ii) mechanically dewatered EFB, (iii) 
shredded trunks, and (iv) mechanically 
dewatered trunks. The slopes of the drying 
(trend) lines are again used to estimate the 
drying rates (Table 2). The trend data for 
the initial drying rates as determined in the 
belt dryer were in good agreement with the 
results from the batch dryer, although due 
to the different bed heights the absolute 
numbers differed.

The forced drying in the belt dryer 
significantly reduces the drying time 
compared to solar bay drying, i.e. down to 
5 hr from 30 hr and 20 hr for as-received and 
mechanically dewatered EFB, respectively. 
For shredded trunks the drying rates in 
the belt dryer are comparable to EFB, but 
as the initial moisture content is higher (i.e. 
~70% compared to ~50%) the total drying 
time to go down to 15% moisture is longer 
for mechanically dewatered material the 
drying time is reduced from 10 hr down to 
about 2 hr.

In the batch dryer, the effect of using 
pre-heated air as drying medium was 
investigated. This could be an option in 
case the pre-treatment facility is sited on a 
location where waste heat is available (e.g. 
in a palm oil mill). With 60°C air the drying 
rates were typically two times higher than 
when ambient air was used.

Pelletising

Pelletising tests were carried out with 
a wide variety of materials produced in 
the shredding and drying tests. The tests 
illustrated that in order to make pellets of 
reasonable quality the feedstock moisture 
content must be below 15%, while the feed 
material must be homogeneous in structure 
with small particles. Typically the different 
palm oil materials ex dryer do not meet this 
requirement for homogeneity and small 

particles. Even when the feed requirements 
were met, pelletising proved to be a 
sensitive process requiring continuous 
operator attention and even then a lot of 
off-spec material was produced.

Cubing

Cubing tests have been carried out on 
dried: (i) as-received EFB, (ii) mechanically 
dewatered EFB, (iii) shredded trunk, 
(iv) mechanically dewatered, and (v) 
chopped OPF. The feedstock had moisture 
content in between 10% and 15%. The cubes 
produced are in a standard size of 28 mm. 
Cubes were produced without problems, 
even changing the feedstock during a 
production run did not cause any blockage 
or any interruption of the machine. As a 
first indication for cube quality, the density 
for the different cubes produced is found 
in between 400 (for as-received EFB) and 
800 kg m-3 (for mechanically dewatered 
trunks).  It appears that mechanically 
dewatered material yield higher densities 
cubes, as these can be compacted better due 
to the smaller particle in the feed material. 
This is also visible in the pictures of the 
cubes (Figure 3), where the fibre is still 
visible for the non-mechanically dewatered 
(as-received) EFB.

DISCUSSION

Objective of the field test programme was 
to identify the optimum process steps for 
pre-treatment line-up for palm oil residues. 
Key results from the tests are:

Size Reduction

• EFB are available from the palm mills 
after primary pressing. This material 
can be fed to the dryer without further 
size reduction. In case the whole EFB 
are available an additional shredder can 
be installed as part of the pre-treatment 
line-up (cost data available).

• OPT are available as whole trunks from 
replanting. The line-up should include a 



PALM OIL ENGINEERING BULLETIN NO. 9956

Feature Article

cutter to produce logs (not part of field 
test programme) and subsequently a 
heavy-duty shredder to make chips-like 
chunks. 

• OPF was assumed to be available 
dried on the plantation. In contrast to 
fresh OPF, that is readily shredded, the 
dried OPF is difficult to shred due to 
increased fibrous properties. Therefore, 
OPF is assumed to be shredded in the 
OPT heavy-duty shredder. If at a later 
stage fresh OPF are taken as feed, this 
shredder can be replaced by a simple 
and cheaper chopper.

Mechanically Dewatering

• Mechanically dewatering with a 
so-called secondary EFB press is 
technically feasible and suitable to 
bring the moisture content from EFB, 
OPT and fresh OPF down from ~70% 
to ~40% in one step. This would 
significantly reduce the downstream 
drying capacity demand. However, in 
a line-up with waste heat utilisation the 
dryer is already smaller in size, so the 
advantage is less significant. 

• The mechanical dewatering option was 
discarded in the mechanical process 
as the fibre structure of the biomass is 
destroyed, making the materials more 
prone to dust formation and higher 
fines load in the pre-treatment.

Drying

• Drying curves for all POR biomass 
materials were determined to allow 

sizing of the drying equipment.
• Solar bay drying was discarded as a 

generic line-up option, primarily as it 
results in significant dust formation (i.e. 
health and safety issues) and biomass 
material loses for  OPT. Furthermore, 
the contained belt dryer is also on 
CAPEX and OPEX which is  more 
attractive option especially when low 
temperature waste heat can be used for 
pre-heat of the drying air.

Compacting

• Pelletising is discarded as compacting 
option, as it proved to require fine 
and homogeneous feed materials, 
which conflicts with the target product 
specification of a low fines content. 
Furthermore, it is a sensitive process 
requiring continuous operator attention 
and even then a lot of off-spec material 
is produced.

• Cubing is the selected compacting step 
in the line-up, as it has proven to be 
robust towards operating conditions 
and very fuel flexible. On CAPEX 
and power consumption cubing is 
comparable to pelletising.

PRE-TREATMENT PLANT LINE-UP

The key item in the 5 t hr-1 (dry output) 
pre-treatment plant line-up is the cubing 
machine. For the specific feedstock 
materials different and dedicated size 
reduction equipment is selected to address 
the different physical properties of the 
materials. Line-ups are described for 

Figure 3. Cubes from mechanically dewatered trunk (left), from chopped oil palm fronds  (middle), and dried 
as-received empty fruit bunches  (right).
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Figure 4. Schematic line-up for a pre-treatment plant (PTP) suitable for processing all palm oil residues empty 
fruit bunch  (EFB), oil palm fronds (OPF) and oil palm trunks (OPT).

PTP’s dedicated for each feedstock and a 
general line-up for a PTP that can handle all 
biomass materials. Key characteristics are:

• EFB – the EFB PTP does not include 
any size reduction, but includes the belt 
dryer and cube production press; 

• OPF (field dried) – the OPF PTP includes 
only the heavy duty shredder for size 
reduction step and does not include a 
belt dryer (i.e. material is collected field-
dried);

• OPF (fresh) – this PTP includes a 
chopper, belt dryer and cuber;

• OPT – the OPT PTP is the most exten-
sive including a two-stage size reduc-
tion (i.e. log cutter and heavy-duty 
shredder), the belt dryer and the cube 
press; and 

• Full PTP – the full PTP design is intend-
ed to be the line-up suitable for pro-
cessing of all materials. This line-up in-
cludes the two-stage size reduction, the 
belt dryer (suitable for using pre-heated 
air), and the cube press. Furthermore, it 
includes various parallel conveyer belts 
and storage bins to allow changes in the 
mode of operation. The schematic line-
up is shown in Figure 4.

CONCLUSION

The study describes the development of 
a dedicated line-up for a pre-treatment 
plant for all relevant palm oil residues 
(i.e. EFB, OPF and OPT). The technology 
selection and equipment sizing were fully 

Chopper Chopper

Pre-treatment Plant > 400 kg m-3
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supported by results of an extensive field 
test programme carried out in Malaysia 
with local biomass and with commercially 
available equipment. Summarising:

• the developed PTP line-up is simple 
with low equipment count; 

• the line-up is generic for all biomass 
materials assessed (except for the initial 
size reduction steps);

• experimental validation of technology 
selection and equipment sizing was 
obtained; and 

• all technologies are commercially 
available.

The pre-treatment plant can be 
implemented commercially when a project 
opportunity arises.
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