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Abstract

Due to the tremendous amount of palm biomass residues produced during the palm oil extraction from fresh fruit bunch (FFB), it is
inevitable to harness these biomass energy sources to cope with the depletion of fossil fuels and increase in global energy
demand scenarios. Densification is one of the favourable techniques to improve the storage and transportation of biomass fuels
in order fo prevent dumped areas adjacent to palm mills and to prevent from becoming another waste product. This article
reviews comprehensively on how type of palm biomass, compaction pressure and temperature, binder, pre- and post-
freatments affect the physical and combustion properties of the palm biomass briquettes produced. Based on the previous
researches, generally it can be said that the type of palm biomass, the compaction pressure and temperature, and type of
binder affect both the physical and combustion performance of densified palm biomass. However, the effect of particle size
could be observed only on the physical characteristics of densified products, whereas the effect on the combustion properties
remains unclear. In addition, treatments such as pyrolysis, dry and wet torrefaction (hydrothermal treatment), and steam
explosion have potential fo be applied during briquette production in order to improve the combustion properties. In this review
article, it is also suggested that the combination of densification and followed by wet torrefaction will enhance the combustion

properties of palm biomass briquettes.
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1.0 INTRODUCTION

The depletion of fossil fuel and increase in energy
demand have driven towards a transformation from
over dependence on non-renewable fossil fuel to
diversification of energy source including inexhaustible
renewable types such as solar, wind, hydro and
biomass [1]. In Malaysia, biomass is the most viable
renewable energy sources and the large portion of it is
mainly contributed by palm oil plantation [1]. Malaysia
is the second largest palm oil producer in the world
after Indonesia, and during the oil extraction from fresh
fruit bunch, various palm biomass residues are
generated. Fiffeen years ago, the rate of generation
for shell, fiore and empty fruit bunch (EFB) were 2.3
million fonnes/year, 5.4 million tonnes/year and 8.8
million tonnes/year, respectively [2]. However, about
three years ago, these amounts increased more than
twice [3]. Based on this fact, it is inevitable to harness

the fremendous amount of palm biomass produced
every year to prevent the dumped areas adjacent fo
palm mills and to prevent from becoming another
waste product of palm oil industry [4].

Denisification is one of the favorable techniques to
improve the storage and fransportation of biomass
fuels [5] for power plant application. In addition, the
products of gasification of briquettes also have
potential to be used for vehicle system [6].
Densification is known as a process of compressing raw
materials into solid biofuel with higher density [5]. One
of the advantages of this process is the increase in
amount of energy per unit volume, thus could cause
the storage and transportation procedures become
more worthwhile. Besides, the densification process
also can reduce the formation of dust and improve
the combustion properties of biomass materials such
as calorific value, moisture content and burning rate
[4, 7]. Indeed, the briquettes produced must be
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physically strong and durable, in  which the
performance is significantly affected by several
important criteria such as material type, compaction
or forming pressure, forming temperature, size of
material and added binder [8, 9].

The main fechnologies for densification of raw
materials are piston press and screw press, in which the
advantages and disadvantages of each fechnology
are shown by Table 1 and 2.

Table 1 Advantages and disadvantages of piston press
technology (10, 11)

No. Advantage Disadvantage

1. Wear of the ram When production rate is

could be reduced. increased, the quality
decreases.
2. Most  cost-effective  Briquettes are somewhat
technology. brittle.

3. Various  types of
biomass could be
processed.

4, Uniformity of the
briquettes produced
is possible.

Table 2 Advantages and disadvantages of screw press
technology (10, 11)

No. Advantage Disadvantage

1. Outputis continuous Power consumption is
higher if compared to
that of piston press.
2. Production of the
briquettes are uniform
Carbonization is possible
4. Machine can run smoothly
due to the absence of

shock load.

w

Basically, the densification products can be
categorized into three categories based on the
diameter; i) pellet, ii) briquette and iii) bale. However,
the densification of palm oil biomass is only closely
related to pellet and briquette, due to the necessary
chopping and milling process before densification
process [12]. Due to low supply of sawdust and wood
residues for briquette production in the past few years,
the palm biomass has become the potfential
substitution for sawdust [13]. Densification technique
has been applied for palm biomass around fiffeen
years ago [2, 14], specifically briquetting process of
palm shell and fibre. Since that, the physical and
combustion characteristics of densified palm biomass
produced under different approach have actively
been investigated for various compositions, binders

and operating conditions. Types of palm biomass that
have been utilized for making briquette are shell,
mesocarp fibre, EFB fibre, frond, palm oil mill effluent
(POME), and even bleaching earth.

This paper presents a review on the researches
related to the effect of certain important parameters
on the performance of densified palm biomass. Differ
with the previous review paper by other researchers
that focuses on the densification system to produce
durability densified products [15], this paper reviews
the physical (relaxed density, compressive strength,
tensile strength, durability and etc.) and combustion
(calorific  value, moisture content, fixed carbon
content, ash content, burning rate and efc.) properties
of densified products that made of palm biomass.
Several criteria that affect both properties such as raw
materials, operating temperature, compaction
pressure, type of binder as well as pre- and post-
freatment applied, are discussed.

2.0 PHYSICAL CHARACTERISTICS OF
DENSIFIED PALM BIOMASS

The effectiveness of densification process in producing
briquette can be measured by determining the
physical characteristics of the briquette in terms of
strength and durability [?9]. Several parameters that
show the strength of a briquette are compressive
strength, shear strength and water resistance.
Meanwhile, the general parameter that represents the
durability of a briquette is impact resistance. As
mentioned previously, these parameters were
significantly affected by raw material, operating
pressure and temperature, size of materials, binders [8,
9] as well as tfreatment applied.

2.1 Effect of Raw Material

One of the earliest attempt fo produce briquette
made of palm biomass was performed by Husain ef al.
(2002) [2]. They used mesocarp fibre and shell in the
weight ratio of 60:40 for making briquettes, with the
addition of a synthetic binder (starch + water). In this
case, the density and compressive strength obtained
were around 1100-1200 kg/m® and 2.56 MPaq,
respectively. This value of compressive strength was
found sufficient to resist mechanical disinfegration. The
ratio of 60:40 was chosen because it was a common
practice in mills to fire the boilers, that is supposedly
decided based on amount produced per year for
each type of biomass, in addition to the reliable
physical and combustion performance. In this case,
the annual production of mesocarp fibre was more
than twice if compared to that of palm shell. However,
if calorific value is taken as priority instead of the
amount produced, the optimum mixing rafio is
supposed to be 40:60 (mesocarp fibre:shell) [16, 17].
Based on the previous study [18], it was found that
the use of palm shell could increase the hardness of
the briquettes produced, but the quality in terms of
brittfleness is degraded. Akintunde [18] had proven this
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fact by performing the tensile and compression fest on
the sawdust briquettes with the addition of palm kernel
shell. The test revealed that when the amount of palm
shell is increased, the load that the briquette can
sustain in tension becomes less, thus indicates lower
quality in terms of briffleness. However, during
compression test, the briquettes with more palm kernel
shell can sustain more load while the strain becomes
less, thus indicates the improvement in hardness of the
sawdust briquettes [18]. The similar advantage of using
palm kernel shell for densification process was also
observed by Lai et al. (2013) [41].

Sing and Aris (2012) [16] had carried out the test of
compressive sfrength based on commonly practised
method [2, 4, 7, 16], for 100% palm kernel shell and
100% mesocarp fibre briquettes produced from 40mm-
diameter steel die. The test was performed by placing
sample of briquette between two flat and parallel
plates. The force that each briquette can withstand
was measured by applying the vertical force untfil the
briquettes fail. Based on their test, they found that the
compressive strength of 100% mesocarp fibre briquette
is about 2.5 times higher than that of 100% palm kernel
shell briquette, that is supposed due fo the fibrous
structure of palm fibre. The fibrous structure causes the
fibre tends to hold the whole briquette more firmly [16].
In addition to the compressive strength, the water
resistance of both types of briquette was also tested
by immersing the briquettes in a container filled with
cold tap water, and followed by recording the time for
dispersion in water, as practiced by Demirbas (1999)
[19]. The results demonstrated that the water
resistance belongs to briquette contfains palm
mesocarp fibre is better than that belongs to briquette
contains palm shell, with an extra resistance time of 61
seconds before failure. Their study also revealed the
other advantage of using mesocarp fibre in making
briquette, that is the improvement in durability of the
briquettes produced. Based on the durability fest [20]
for 100% mesocarp fibre briquettes, it can be said that
the palm fibre could help to improve the durability, in
which the initial mass of the 100% mesocarp fibre
briquettes could be maintained even after four fimes
of dropping from a height of 1.85 m on a flat steel
plate [16]. The pellet consists of shell and mesocarp
fibre shows the similarity with briquettes produced by
Husain et al. (2002) in terms of physical characteristics,
in which the ratio of 60:40 (mesocarp fibre:shell) was
used to obtain high durability and strength [21].

With increasing amount of empty fruit bunch (EFB)
produced per year and the availability of technologies
to convert the bulky EFB into the fibrous form, number
of researchers started to put their effort to investigate
the potential of EFB to be utilized as raw material for
densification process. The potential of the EFB as a
solid fuel can be observed through the successful
development of a model by a local company for
briquetting dry EFB fibre and exportation of EFB solid
fuel to Japan [22]. Until present, many researchers are
still frying fo improve the performance of EFB solid fuel
in order to cope with the ever increasing energy

demand situation and deplefion of non-renewable
energy sources.

Based on the stability test of briquette that contains
EFB fibre and shredded paper, it can be said that the
increase in EFB fibre can improve the stability, in which
the dimensional changes of the briquette produced is
very small through the duration of four weeks [23]. This
is mainly due fo the role of EFB fibre in binding the
particles in  the briquette strongly [23]. This
characteristic is supposed belongs to briquettes
contain mesocarp fibre too, in which the mesocarp
exists as fibrous form in nature.

With the aim to utilize EFB as much as possible while
fulfilling standard DIN51731 requirement
simultaneously, the mixing ratio of 60:40 (EFB
fibre:mesocarp fibre) was selected as the optimum
ratio for briquettes that contain EFB fibre and
mesocarp fibre [7]. A comparison study has been
performed fo investigate the effect of EFB as well as
mesocarp fibre and shell on the density of pellet [24].
Based on their study, it was found that at the same
operating condition, the pellet contains palm shell has
density that relatively high if compared to pellets
contain the other types of palm biomass. This is mainly
due to the smoother particle surface belongs to palm
shell if compared to the other surfaces [24]. However,
it has been proven by number of researchers that EFB
can be converted to briquette or pellet provided that
the EFB is pretreated (drying and resizing) in prior to
densification process [13, 24].

Besides the briqueftes that contain major type of
palm biomass (mesocarp fibre, shell and EFB), several
efforts have been put on the ufilization of other types
such as palm oil mill effluent (POME) sludge [25], oil
palm frond [24-25] and even bleaching earth [26].
Based on the dimensional stability and crack
(durability) analysis performed for briquettes contain
mixture of palm oil mill effluent sludge and oil palm
frond, the palm oil mill effluent sludge helps to increase
the stability and durability of the briquettes. This is
mainly due to the ability of the oily POME sludge to
bind the parficles of the briquettes tightly [25].

2.2 Effect of Compaction Temperature and Pressure

The densification of palm biomass can be performed
at low temperature (ambient temperature) but a
synthetic binding agent (starch, molasses etc.) is
necessary when low compaction pressure (5-13.5
MPa) [2] is applied. The study performed by Husain et
al. (2002) is one of the examples for this case. In their
study, the briquettes produced have reliable
compressive strength (2.56 MPa) and is considered
sufficient to resist mechanical disintegration. The similar
operating condition (low temperature and low
compaction pressure) also was applied by Faizal et al.
(2009 and 2010) to investigate the performance of
briquettes that confain empty fruit bunch (EFB) fibre
and mesocarp fibre [7, 27].

The synthetic binder is unnecessary when the
densification is performed at very high pressure, as
demonstrated by several previous experimental studies
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[17, 28, 29]. Here, the pressure of more than 150 MPa is
considered as very high pressure [17, 28]. At very high
pressure, a natural binder, that is lignin is fluidized and
it helps to bind the particles of a briquettes and pellets
[30]. therefore synthetic binders such as starch and
molasses are unnecessary.

Number of researchers have investigated
fundamentally the physical performance of palm
biomass briquettes that contain mixture of mesocarp
fibre and shell [2], and mixture of EFB and mesocarp
fibre [7], under various compaction pressures. It was
found that when the compaction pressure s
increased, the relaxed density [2, 7] and compressive
stfrength [7] also increase. Husain et al. (2002) also
have proposed the relation between the relaxed
density and compaction pressure as follows [2]:

P = aeb? )

where P is compaction pressure [MPa], and D is the
relax density [kg/m3], a and b are empirical constants.

As mentioned previously, the lignin that exists in the
biomass begins to act as a binder when very high
compaction pressure (above 150 MPa) is applied.
However, at low compaction pressure, the lignin only
shows its function as an effective binder when the
biomass is densified at moderate temperature of
150°C-250°C [13]. Several researchers had performed
the fundamental investigation on the effect of
densification temperature on relaxed density [4, 24].
They found that not all types of palm biomass show the
obvious frend of changes with respect to the
temperature. Based on a study by Munawar and
Subianto (2014), among several types of palm biomass
(EFB, frond, shell and mesocarp), it was found that only
pellet made of palm mesocarp shows an increase in
density when the temperature is increased. This is
supposed due to more lignin that acts as a binder is
produced when the temperature is increased, and the
deformation after densification is not the controlling
factor for mesocarp pellet. However, for the other
types of palm biomass, the trend is fluctuation, thus
elucidates that the production of lignin is not the
controlling factor within this temperature range. The
similar frend (fluctuation) was also observed by Faizal
et al. (2015) for the EFB briquettes produced under
temperature of 150°C to 210°C [4]. In ferms of
compressive strength, a study has revealed that the
compressive strength of EFB briquettes increases with
an increase in compaction temperature [4]. This is
supposed due to the stronger bond between particles
via the lignin, when the temperature is increased.

2.3 Effect of Binder

Binder is very useful to hold the shape of densified
palm biomass by binding the particles inside the
densified products. The binding mechanism basically
can be classified in four categories [10]: i) hardening
binders, i) molecular forces, i) form-closed
(interlocking) bonds, and iv) electrostatic forces. The
binder used for densification of palm biomass can be

classified info two; i) natural and ii) synthefic. Then, the
synthetic binder can be further categorized info two
categories, namely as organic binder and inorganic
binder. The natural binder is known as lignin, that
presents during densification at very high pressure
(>150 MPa) [17], or at modest temperature (150°C to
250°C) [13, 4, 24]. The organic synthetic binders that
were commonly used in the most studies are starch
(maize, tapioca, potato, and cassava), paper and
molasses. Meanwhile, the inorganic synthetic binders
used were asphalt [31], waste glycerol from biodiesel
production sector [32], caustic soda and calcium
carbonate [33].

Several scientific studies have been performed fo
investigate the performance of densified palm
biomass with different binders [16, 17, 31, 33]. Razuan
et al. (2011) [33] have performed an investigation on
the effect of organic binders and inorganic binders on
the fensile strength of pellet made of palm kernel
cake. They found that the addition of small amounts of
inorganic binders such as caustic soda and calcium
carbonate can contribute to the significant
improvement to the tensile strength of the palm kernel
cake pellet, thus elucidates the ability of these
inorganic binders to bind the loose particles. For
instance, the addifion of 2.0 wt.% caustic soda can
improve the tensile strength of palm kernel cake pellet
about three times while the addition of 5.0 wt.%
calcium carbonate causes an improvement of 50%.
Meanwhile, in the case of organic binders, only maize
starch showed an improvement of fensile sfrength
(about 40%) when small amount (10 wt.%) was added.
But, the other organic binders (tapioca starch and
potato starch) did not show any improvement for the
same added amount.

In the other study performed by Sing and Aris (2013)
[17], it was found that the addition of binder (10% of
the total briquette weight) such as starch and paper
can improve the physical characteristics of the
briquettes contain mixture of palm kernel shell and
palm fibre [17]. Based on the crack analysis that was
conducted in their study by dropping the briquettes
from a height of 1-2 meters, it was found that the crack
appeared on the briquette with paper as binding
agent demonstrated the least severe, thus
demonstrates that paper is more suitable binding
agent instead of starch. Based on the study performed
by Ugwu and Agbo (2013), it can be said that
briquettes with asphalt as a binder has better physical
appearance if compared to briquette with starch.
However, the briquettes with asphalt have lower
quality in ferms of combustion properties [31].

2.4 Effect of Particle Size

Prior to densification of palm biomass, it is desirable
that the raw material is dried and ground first info
pulverized (powder) form. The use of pulverized form is
very important in order to achieve homogeneity and
reliable physical characteristics. The fundamental
studies on the effect of particle size on the
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performance of palm biomass briquettes were
performed by several researchers [13, 4].

Based on the experimental works performed by
Nasrin et al. (2008) on the binderless EFB briquettes, it
can be concluded that the physical appearance of a
binderless palm biomass briquette is the best when
smallest size of partficles is used. This is mainly due to
the increase in contact surface area when smaller size
is used, thus stimulates the production of lignin which in
turn improve the effectiveness of lignin as a natural
binder [13]. The investigation performed by Faizal et al.
(2015) on the EFB briquettes with various particle sizes
also demonstrated the similar results. They showed that
when smaller particles are used, the density of palm
biomass briquettes becomes larger. This is because
smaller particles fill the volume better and thus
improve the density of the briquettes produced. In
addition, they also demonstrated that when smaller
size of particles is used, the compressive strength of the
briquettes produced increases. This is supposed due o
the reduction of inter-particles space when smaller size
is used, thus improves the effectiveness of lignin in
binding the particles [4].

2.5 Effect of Pre- and Post-Treatment

Pre-treatments of palm biomass and post-treatments
of densified palm biomass have been explored by
number of researchers nowadays [34-38] with the aim
to improve the physical and combustion performance
of final densified product.

In the study performed by Salema and Ani [2012]
[34], EFB pellets has been subjected to pyrolysis
process with a microwave system, that caused the
change in physical appearance of the pellefs. Here,
the conversion to biochar with sufficiently high calorific
value of 25 MJ/kg can be obtained, thus has potential
to be utilized as solid fuel. It was found that the biochar
yield strongly depends on the weight percentage of
microwave absorber (activated carbon).

Nyakuma ef al. (2015) has performed a post-
freatment on the EFB pellets by dry torrefaction, that is
known as mild pyrolysis [38]. The EFB pellets enclosed in
aluminium foil were heated in different temperatures
of 250°C, 275°C and 300°C. Here, aluminium foil was
used to prevent the contact between the pellets and
oxygen or air. It was found that the dry torrefaction
causes a decrease in mass yield, from around 80%
when torrefied at temperature of 250°C to around 43%
at torrefaction temperature of 300°C. The decrease in
mass yield is mainly due to the removal of moisture
content, partial devolatization and the breakdown of
hemicellulose [39]. However, the decrease in mass
yield of the torrefied EFB pellets is less than that of raw
EFB [39].

Meanwhile, steam explosion process has been
applied on empty fruit bunch (EFB) and palm kernel
shell (PKS) in the study performed by Lam ef al. (2015)
[37]. They have demonstrated the reduction in the
porosity of the pellets contained steam exploded PKS,
thus causes an increase in density of the PKS pellets.
This is mainly due to the shrinkage of micropores of the

PKS particles when the PKS was pretreated with high
pressure steam explosion [37]. Meanwhile, the density
of fibrous EFB does not really affected by this
pretreatment [37]. In addition, it was found that the
breaking strength of both palm biomass pellets was
improved when the raw materials (EFB and PKS) were
pre-treated with steam explosion process [37].

Besides the aforementioned freatments,
hydrothermal treatment or wet torrefaction is also
found as a potential process to improve the
performance of palm biomass briquettes [36]. Differ
with dry torrefaction [40], the palm biomass can be
heated by using hot compressed water in prior to
densification within the temperature range of 180°C to
260°C [36, 40] to produce hydrochar for various
applications. However, based on our literature, the
investigation on the performance of densified
products freated with hydrothermal process has not
been reported yet.

Generally, it can be said that the torrefaction
process has been considered by number of
researchers for their densification study in order to
produce energy dense products.

3.0 COMBUSTION CHARACTERISTICS OF
DENSIFIED PALM BIOMASS

In this section, the effect of raw materials, binders,
operating temperature and pressure, as well as
freatments on the combustion properties of densified
palm biomass such as calorific value, moisture content
and ash content are reviewed. The review in terms of
burning ratfe is also enclosed in certain sections where
related. As a benchmark, standard DIN51731 as shown
by Table 3 is commonly used. In addition to DIN51731,
the other benchmarks available are Onorm M 7135,
DIN plus, Pellet Fuel Insfitute and ITEBE.

Table 3 Specifications stated by DIN51731 [13]

Calorific Value Moisture Ash Content
[kJ/kg] Content [%] [%6]
DIN51731 17500 <10% 0.7

3.1 Effect of Raw Materials

Calorific value is one of the important criteria that
demonstrates the performance of densified palm
biomass. Shell has the highest calorific value if
compared to mesocarp fibre and empty fruit bunch
(EFB) fibre, as shown by Table 4. As mentioned by
previous researchers, the high calorific value can be
correlated with the high percentage of carbon and
hydrogen composition [25, 42], and this was supported
by results of ultimate analysis in Table 5. In addition, the
results of proximate analysis as shown in Table 6 also
demonstrate that the shell has relatively high content
of fixed carbon.

Therefore, several studies had promoted the
combination of shell and mesocarp fibre in order to
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produce densified palm biomass with reliable
combustion performance as well as physical
performance [2, 17, 27, 32]. About 15 years ago,
Husain et al. (2002) had developed palm biomass
briquettes that contain mesocarp fibre and shell in the
weight ratfio of 60:40 [2]. The calorific value, moisture
content and ash content of the briquettes produced
were around 16.4 MJ/kg, 12% and 6%, respectively.
Then, Sing and Aris (2013) used the weight ratio of
40:60 (mesocarp fibreshell) [17]. In view of energy
content and ash content as shown by Table 4 and 6, it
is desirable to have a briquette with 100% palm shell.
However, the mixing with palm mesocarp fibre is
necessary when making briqueftte to prevent
incomplete burning and production of black smoke
[17]. Based on a previous study, the mixing is necessary
when considering both the aspect of energy content
and mechanical properties [16].

Table 4 Calorific value of main types of palm biomass [27]

Materials Average Calorific Value (kl/kg)
Shell 19584
Fibre from mesocarp 18098
EFB fibre 17465

Table 5 Ultimate analysis of palm biomass [2]

Component Mesocarp Shell EFB
(wt. %) Fibre
Hydrogen 6 6.3 6.3
Carbon 47.2 52.4 48.8
Sulphur 0.3 0.2 0.2
Nitrogen 1.4 0.6 0.7

Table 6 Proximate analysis of several types of palm biomass
materials

Moisture  Voldtile Fixed Ash
content matter carbon, content,
Yo Yo Yo Yo
(i)*Palm - 74.60 22.58 2.82
kernel shell
[17]
(ii)j*Mesocar - 74.59 19.38 6.03
p fibre [17]
(iii)Empty fruit 16.0 -not -not 4.70
bunch fibre available  available
[13]
(iv)Pulverized 7.0 75.5 14.0 3.50
empty  fruit
bunch [4]
(Vv)Palm 3.0 -not -not 3.94
kernel cake available  available
[13]
(vi)Oil  palm 7.39 72.53 5.81 14.27
frond [43]
(vii)Palm  Qil 22 - - -
Mill  Effluent
(POME) [25]

(-The sign * ** " indicates proximate analysis in dry weight percentage
(dry wt. %))

Besides the mixture of palm kernel shell and mesocarp
fibre, a mixture of EFB fibre and mesocarp fibre also
could give the reliable combustion performance. Even
though the calorific value of briquettes contain
mixture of EFB fibre and mesocarp fibre (weight ratio
60:40) is lower than that of commonly used briquettes
contain mesocarp fibre and shell (60:40), the value is
still. very close with DIN51731 requirement (>17500
kJ/kg) [7]. In addition, the combustion rate of the
briquettes with mixture of EFB fibre and mesocarp fibre
is higher due to better air circulation through the
particles of the briquettes.

Besides calorific value, the moisture content is
another important criteria since it affects the
combustion performance as well as the physical
performance of a densified product [21]. An increase
in moisture content causes a drop in calorific value
[25] and slow down the ignition speed of palm
biomass pellet or briquette [24], and also reduces the
durability index [21]. Most of the densified products
made of palm biomass have moisture content that
fulfil or very close to the commercial standard DIN
51731 (<10%) [2.4,13]. This is supposed due fo the
moisture confent of the feedstock (palm biomass)
before being densified, that fulfills or very close fo
standard DIN51731. However, several researchers
performed the intensive drying process after
briquetting process for briquette made of bleaching
earth and husk to significantly improve the moisture
content, from the range of 27-29% to the range of 8-
15% (acceptable based on DIN51731) [26].

In terms of ash content, it is desirable to produce
briquette with low ash content because ash could
cause the occurrence of slagging process on the
surface of water tube in a boiler, thus leads to the
decrease in efficiency of the boiler [17]. Ash is
incombustible residue left after combustion of biomass.
The high ash content of densified palm biomass is
undesirable because the quality in aspect of calorific
value deteriorates. This is mainly caused by the residual
ash that does not generate energy [44]. Based on the
literature study conducted, it was found that the ash
content of densified products contain various types of
palm biomass still could not fulfill the requirement
stated by DIN51731 (<0.7%), even though some of the
values were close to the standard value. Table 7
below shows the ash confent of several densified
products contain different types of palm biomass.
Based on the table, it can be said that the bleaching
earth is the fuel with poorest quality, as asserted by
Srisang et al. (2015) [26].
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Table 7 Ash content of several types of densified palm biomass

Mixture of 100% 100% Mixture of oil Mixture of shelland  Mixture of bleaching
mesocarp fibre Pulverized Pulverized palm frond, mesocarp fibre earth, husk, tapioca
and shell (ratio EFB EFB [4] water and (ratio 60:40) [17] starch and torch [26]
60:40) [2] [13] glycerol [43]
Ash 6% 2.85 1-4 11.34-16.04 6.20 27 - 48%
Content
[%]

3.2 Effect of Compaction Temperature and Pressure

Densification temperature is an important factor that
could affect the combustion properties especially
calorific value. When the operating temperature is
relatively high, the calorific value of the densified
products increases if compared to the value of the
raw materials [24, 13, 4]. Nasrin et al. (2008)
demonstrated that the calorific value of pulverized
empty fruit bunch (EFB) increases from 17000 kJ/kg to
around 17800 kJ/kg due to densification at
temperature of 150 to 250°C. This can be elucidated
by an increase in carbonized surface area when the
temperature is increased [13]. The other sftudy
performed by Faizal et al. (2015) also showed the
similar results, in  which the densification at
temperature of 150 to 210°C causes an increase in
calorific value of pulverized EFB, from around 16130
kJ/kg (raw material) to around 17500 kJ/kg (after
densification)[4]. The increase in calorific value due
to the densification at such femperature level also
could be observed for the pellet made of pulverized
EFB, frond, shell and mesocarp [24]. Within the
temperature range of 150°C to 210°C, the trend of
changes in calorific value of EFB briquette with
respect to the operating tfemperature is not clear,
even though it can be observed that the average
calorific value increases if compared to the value of
raw material EFB [4]. However, when the temperature
range is extended to include 250°C, the trend could
be clearly observed, in which the value of calorific
value increase with an increase in densification or
compaction temperature [24]. Based on several
previous investigations [4, 24], the effect of
densification temperature on moisture content and
ash content could not be clearly observed.

The effect of compaction pressure on combustion
performance of briquettes contain mesocarp fibre
and shell (weight ratio 60:40) has been investigated
by Husain ef al. (2002) and Faizal et al. (2010) [2, 7].
The latter group of researchers has also performed
the investigation on briquettes contain EFB fibre and
mesocarp fibre (weight ratio 60:40). They found that
the changes in compaction pressure do not really
affect the calorific value, moisture content and ash
content of the briquettes produced. However, when
the compaction pressure is increased from 3 to 11
MPa, the combustion rates of both types decrease
by 45% of their initial combustion rates. Here, the
initial combustion rate of the briquettes contain
mixture of mesocarp fibre and shell was around 0.055
g/min while that of the briquettes contain mixture of

EFB fibre and mesocarp fibre was around 0.075
g/min. This is supposed due fto the reduction of air
gap between particles when the compaction
pressure is increased [7].

3.3 Effect of Binder

Several studies have been performed to investigate
the effect of binder on the combustion performance
of palm biomass briquettes [31, 32, 43, 16]. Sing and
Aris  (2012) investigated the calorific value of
briquettes contained mixture of palm kernel shell and
mesocarp fibre with different binders, that were
starch and paper. Based on their study, it was found
that the use of paper as binder causes a higher
calorific value if compared to the use of starch.
Meanwhile, the other researchers had made
comparison among 100% EFB briquettes with different
binder, starch and asphalt in ferms of several
combustion characteristics such as calorific value,
burning rate, heat output, ignition speed. They found
that the briquettes with starch as binder gave the
higher calorific value, higher burning rate and thus
heat outfput, shorter fime for ignition and less smoke
produced during combustion [31]. Based on these
two investigations, it can be said that the paper gives
the highest calorific value, followed by starch and
asphalt.

Meanwhile, the other researchers performed
investigation on the effect of glycerol (as a binder)
on the performance of densified products contained
oil palm frond [43], and mixture of palm fibre and
palm shell [32]. It was found that the addition of
glycerol could improve the calorific value and
reduce the ash content, but moisture confent
increases [43].

3.4 Effect of Particle Size

The combustion properties of densified EFB with
various particle sizes have been investigated by
Faizal et al. (2015) [4]. Even though the particle size
does affect significantly the physical characteristics
such as relaxed density and compressive strength of
the briquettes produced, the effect on combustion
properties such as calorific value, moisture content
and ash content could not be clearly observed.

3.5 Effect of Pre- and Post-treatment

The effect of pyrolysis on the calorific value of empty
fruit bunch (EFB) pellets was investigated by Salema



16 Hasan, Mohd Rosdzimin & Z. A. Latiff / Jurnal Teknologi (Sciences & Engineering) 78: 9-2 (2016) 9-18

and Ani (2012). They found that the pyrolysis by
microwave system could increase the value from
17000 kJ/kg to around 23000 kJ/kg [34]. In the other
study, the EFB pellets were subjected to torrefaction
process at temperature of 250, 275 and 300°C [38].
Based on their study, the calorific value was
improved by almost 50% after torrefaction at 300°C
for 1 hour. However, the torrefaction process causes
the mass yield and thus energy yield decrease [38].
Therefore, the decrease in mass and energy vyield is
trade-off to the gained improvement in the calorific
value. But, the decrease in mass and energy yield of
the torrefied EFB pellefs is less than that of the
torrefied raw EFB [38, 45]. This is supposed due to the
slower devolatization process belongs to EFB pellets
[38]. Finally, a group of researchers asserted that
empty fruit bunch (EFB) treated with hydrothermal
freatment (HT) has potential to be converted info
briquette. This is mainly due fo the improvement in
calorific value of the EFB after treated with HT [36].

40 FUTURE TREND OF PALM BIOMASS
UTILIZATION

Due fo increase in global energy demand and
motivation for fransformation to the strong
dependence on non-fossil fuels [46], alternative
measures need to be actively implemented in order
to harness the biomass energy resources in more
effective ways. For the case of palm oil industry, the
utilization of palm biomass residues such as shell,
mesocarp fibre, empty fruit bunch (EFB), oil palm
frond, palm oil mill effluent and even bleaching earth
should be promoted widely. One of the potential
techniques is torrefaction (dry or wet) that could
improve the energy content of the raw biomass
material, by increasing the content of fixed carbon.
Here, it is desirable that the heat for the torrefaction
process is supplied by the process of heat recovery,
as example, power plants heat recovery.

Wet torrefaction, that is also known as
hydrothermal carbonization, has advantage if
compared to the dry torrefaction. Based on previous
review study [47], the wet forrefaction is able to
produce relatively high yields of carbonized solid fuel
without the need for energy intensive drying process
before and during the freatment [47].

Therefore, the combination of wet torrefaction and
followed by densification of palm biomass as
suggested by Novianti ef al. (2014)[36] has potential
to be practiced in the future for coping with the
increasing global energy demand and awareness of
utilization of biomass energy resources from palm oil
industry. In addition, the technique with reverse
direction, that is densification and followed by wet
torrefaction also should be infroduced in order to
produce energy-dense solid biofuel. Based on a
previous study related to combination of pelletization
and dry torrefaction [38], the compact nature of the
torrefied EFB pellets has higher mass yield and thus,
energy yield if compared to mass yield and energy

yield belong to ftorrefied raw EFB  without
densification.

However, the implementation of wet torrefaction
needs extra precaution steps since the process deals
with relatively high pressures, range from around 1.0
MPa to 2.4 MPa. In this case, the initial cost for
preparing safety related equipments should be taken
info account.

5.0 CONCLUSION

The densification technique for palm biomass
application was reviewed.

Generally, all types of palm biomass have potential
to be harnessed in order to cope with the increasing
global energy demand and the importance of
dependence on non-fossil fuel. However, the mixing
process of several types of palm biomass in prior to
densification is necessary where appropriated in
order to obtain the reliable physical characteristics
and opfimum combustion properties based on
benchmark.

Overdll, in addition to the type of palm biomass,
the compaction pressure, compaction temperature,
type of binder do affect the performance of
densified products. The effect of particle size could
be observed only on the physical characteristics of
densified products, whereas the effect on the
combustion properties is not clear.

The treatments such as pyrolysis, dry torrefaction,
wet torrefaction (hydrothermal treatment) and
steam explosion were applied with the aim to
improve the energy content, even though the
physical characteristics such as mass vyield
deteriorated for certain freatments. In this case, it is
desirable that the reduction in mass yield is offset by
the improvement in energy yield.

Finally, it is suggested that the combination of
densification and followed by wet torrefaction will
enhance the combustion performance of the
densified palm biomass. However, precaution steps
are necessary when dealing with the wet torrefaction
process.

Acknowledgement

The authors acknowledge the Ministry of Education
Malaysia and Universiti Teknologi Malaysia for giving
cooperation and full of support in this research
activity. The authors wish to thank Research
Management Center (RMC) for Tier 2
Encouragement grant (Q.J130000.2624.11J17) from
Ministry of Education Malaysia and Universiti
Teknologi Malaysia.

References

[1]  Saad, M., Meghdad, B., Azadeh, S., and Zainal, S. 2014.
Malaysia’s Renewable Energy Policies and Programs with



[2]

3]

[4]

[5]

[é]

7]

18]

[9]

(0]

[l
2]

(3]

[14]

[19]

[1é]

7]

]

9]

[20]

[21]

[22]

Hasan, Mohd Rosdzimin & Z. A. Latiff / Jurnal Teknologi (Sciences & Engineering) 78: 9-2 (2016) 9-18

Green Aspects. Renewable and Sustainable Energy
Reviews. 40: 497-504.

Husain, Z., Zainal, Z., and Abdullah, Z. 2002. Briquetting of
Palm Fibre and Shell from the Processing of Palm Nuts to
Palm Qil. Biomass and Bioenergy. 22: 505-509.

Aljuboori, A. H. R. 2013. Oil Palm Biomass Residue in
Malaysia:  Availability and  Sustainability.  International
Journal of Biomass & Renewables. 2(1): 13-18.

Faizal, H. M., Lafiff, Z. A., and Mohd Iskandar, M. A. 2015.
Characteristics of Binderless Palm Biomass Briquettes with
various Particle Sizes. Jurnal Teknologi. 77(8): 1-5.
Bhattacharya, S. C., Leon, M. A., and Rahman, M. M. 2002.
A Study on Improved Biomass Briquetting. Energy for
Sustainable Development. 6(2): 67-71.

FanBin, M., TianHua, Y., JianKun, L., GuilLu, W., XiaoWei, L.,
and Dalei, Z. 2008. Experimental Study On Stalk Briquette
Gasification Producer Gas For Vehicle Fuel. Renewable
Energy Resources. 26(6): 48-51.

Faizal, H. M., Latiff, Z. A., Mazlan, A. W., and Darus, A. N.
2010. Physical and Combustion Characteristics of Biomass
Residues from Palm Oil Mills. New Aspects of Fluid
Mechanics, Heat Transfer and Environment. Taiwan:
WSEAS Press.

Menind, A., Krizan, P., Soos, L., Matus, M., and Kers, J. 2012.
Optimal Conditions for Valuation of Wood Waste by
Briquetting. 8th International DAAAM Baltic Conference.
Talinn, Estonia. 19-21 April 2012.

Kaliyan, N., and Morey, R. V. 2009. Factors Affecting
Strength  And Durability Of Densified Biomass Products.
Biomass and Bioenergy. 33: 337-359.

Grover, P. D., and Mishra, S. K. 1996. Biomass Briquetting:
Technology and Practices. Thailand: FAO Regional Wood
Energy Development Programme in Asia.

Cattaneo, D. 2003. Briquetting-A Forgotten Opportunity.
Wood Energy. Italy: University of Brescia.

Balatinecz, J. J. 1983. The Potential of Densification in
Biomass Utilization. London: Plenum Press.

Nasrin, A. B., Ma, A. N., Choo, Y. M., Mohamad, S.,
Rohaya, M. H., Azali, A., and Zainal, Z. 2008. Oil Paim
Biomass as Potential Substitution Raw Materials for
Commercial Briquettes Biomass Production. American
Journal of Applied Sciences. 5(3): 179-183.

Chin, O. C., and Siddiqui, K. M. 2000. Characteristics Of
Some Biomass Briquettes Prepared Under Modest Die
Pressures. Biomass and Bioenergy. 18(3): 223-228.

Tumulury, J. S., Wright, C. T., Hess, J. R., and Kenney, K. L.
2011. A Review Of Biomass Densification Systems To
Develop Uniform Feedstock Commodities For Bioenergy
Application. Biofuels, Bioproducts and Biorefining. 5(6):
683-707.

Sing, C. Y., and Aris, M. S. 2012. An Experimental
Investigation on the Handling and Storage Properties of
Biomass Fuel Briquettes made from Oil Palm Mill Residues.
Journal of Applied Sciences. DOI: 10.3923/jas.2012.

Sing, C. Y., and Aris, M. S. 2013. A Study of Biomass Fuel
Briquettes from Oil Palim Mill Residues. Asian Journal of
Scientific Research. 6(3): 537-545.

Akintunde, M. A. 2012. The Effects of Paper and Palm
Kernel Shell on Mechanical Properties of Sawdust
Briquettes. IOSR Journal of Mechanical and Civil
Engineering (IOSR-JMCE). 4(4): 11-16.

Demirbas, A. 1999. Physical Properties Of Briquettes From
Waste Paper And Wheat Straw Mixtures. Energy
Conversion and Management. 40: 437-445.

Al-Widyan, M. I, Al-Jdlil, H. F., Abu-Zreig, M. M. and Abu-
Hamdeh, N. H. 2002. Physical Durability And Stability Of
Olive Cake Briquettes. Canadian Biosystems Engineering.
44: 41-45.

Arzola, N., Gomez, A. and Rincon, S. 2014. Experimental
Study of the Mechanical and Thermal Behavior of Pellets
Produced from Oil Palm Biomass Blends. Global NEST
Journal. 16(1): 179-187.

Chiew, Y. L., and Shimada, S. 2013. Current state and
environmental impact assessment for utilizing oil palm

(23]

[24]

[25]

[2¢]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[39]

[34]

(37]

(38]

empty fruit bunches for fuel, fiber and fertilizer-A case
study of Malaysia. Biomass and Bioenergy. 51: 109-124.
Yuhazri, M. Y., Sihombing, H., Yahaya, S. H., Said, M. R.,
Nirmal, U., Lau, S., Prak Tom, P. 2012. Solid fuel from empty
fruit bunch fiber and waste papers Part 6: Dimension
Stability Test after exposed to Ambient Condition. Global
Engineers & Technologists Review. 2(6): 6-11.

Munawar, S. S., and Subiyanto, B. 2014. Characterization
of Biomass Pellet made from Solid Waste Oil Palm Industry.
Procedia Environmental Sciences. 20: 336-341.

Hassan, S., Kee, L. S., and Al-Kayiem, H. H. 2013.
Experimental study of palm oil mill effluent and oil palm
frond waste mixture as an alternative biomass fuel. Journal
of Engineering Science and Technology. 8(6): 703-712.
Srisang, N., Pannaray, S., Thalarum, J., Puaknut, T., and
Rodthongkeaw, W. 2015. Fuel briquette made of biomass
mixed with residual bleaching earth from palm oil plant.
The 16M TSAE National Conference and the 8™ TSAE
International Conference Proceeding. Bangkok, Thailand.
17-19 March 2015.

Faizal, H. M., Latiff, Z. A., Mazlan, A. W., and Darus, A. N.
2009. Study on Characteristics of Briquettes Contain
Different Mixing Ratio of EFB Fibre and Mesocarp Fibre.
International Meeting on Advances in Thermo-Fluids.
Taman Safari, Indonesia. 16-17 November 2009.

Nunez, C. A. F., Jochum, J., and Vargas, F. E. S. 2012.
Characterization and feasibility of biomass fuel pellets
made of Colombian timber, coconut and oil palm
residues regarding European standards. Environmental
Biotechnology. 8(2): 67-76.

Nasrin, A. B., Choo, Y. M., Lim, W. S., Joseph, L., Michael, S.,
Rohaya, M. H., Astimar, A. A., and Loh, S. K. 2011.
Briquetting of Empty Fruit Bunch Fibre and Palm Shell as a
Renewable Energy Fuel. Journal of Engineering and
Applied Sciences. 6(6): 446-451.

Sharif, A., Mizanur, R. M., Aminul, I. M., Mohamad, M., and
Moral, A. M. M. N. A. 2008. Role of biomass briquetting in
renewable energy sector and poverty diminution for
Bangladesh. Proceedings of the 4t BSME-ASME
International Conference on Thermal Engineering. Dhaka,
Bangladesh. 27-29 December 2008.

Ugwu, K., and Agbo, K. 2013. Evaluation of binders in the
production of briquettes from empty fruit bunches of Elais
Guinensis. International Journal of Renewable and
Sustainable Energy. 2(4): 176-179.

Chaiyaomporn, K., and Chavaparit, O. 2010. Fuel Pellets
Production from Biodiesel Waste. Environment Asia. 3(1):
103-110.

Razuan, R., Finney, K. N., Chen, Q., Sharifi, V. N., and
Swithenbank, J. 2011. Pelletised fuel production from palm
kernel cake. Fuel Processing Technology. 92: 609-615.
Salema, A. A., and Ani, F. N. 2012. Pyrolysis of oil palm
empty fruit bunch biomass pellets using multimode
microwave irradiation. Bioresource Technology. 125: 102-
107.

Na, B. -I., Kim, Y. -H., Lim, W. -§S., Lee, S. -M., Lee, H. -W.,
and Lee, J. -W. 2013. Torrefaction of oil palm mesocarp
fibore and their effect on pelletizing. Biomass and
Bioenergy. 52: 159-165.

Novianti, S., Biddinika, M. K., Prawisudha, P., and
Yoshikawa, K. 2014. Upgrading of Palm Oil Empty Fruit
Bunch Employing Hydrothermal Treatment in Lab-Scale
and Pilot Scale. Procedia Environmental Sciences. 20: 46-
54.

Lam, P. S., Lam, P. Y., Sokhansanj, S., Lim, C. J., Bi, X. T.,
Stephen, J. D., Pribowo, A., and Mabee, W. E. 2015. Steam
explosion of oil palm residues for the production of
durable pellets. Applied Energy. 141: 160-166.

Nyakuma, B. B., Ahmad, A., Johari, A., Abdullah, T. A. T.,
and Oladokun, O. 2015. Torrefaction of Pelletized Oil Palm
Empty Fruit Bunches. The 21s' Infernational Symposium on
Alcohol Fuels. Gwangju, Korea. 10-14 March 2014.



[39]

[40]

[41]

[42]

[43]

Hasan, Mohd Rosdzimin & 1. A. Latiff / Jurnal Teknologi (Sciences & Engineering) 78: 9-2 (2016) 9-18

Basu, P. 2013. Biomass Gasification, Pyrolysis And [44] El Bassam, N., and Maegaard, P. 2004. Integrated
Torrefaction: Practical Design And Theory. 2nd edition. Renewable Energy for Rural Communities. Planning
Academic Press. guidelines, Technologies and Applications. Amsterdam:
Coronella, C. J., Yan, W., Reza, M. T., and Vasquez, V. R. Elsevier.

2012. Method For Wet Torrefaction Of Biomass. Patents [45] Uemura, Y., Omar, W. N., Tsutsui, T., and Yusup, S. B. 2011.
Published. Publication No.: US 2012/01108%6 Al. Torrefaction Of Oil Palm Wastes. Fuel. 90: 2585-2591.

Lai., Z. Y., Chua, H. B., and Goh, S. M. 2013. Influence Of [46] International Energy Agency (IEA) 2015. World Energy
Process Parameters On The Strength Of Oil Paim Kernel Outlook 2015-Executive Summary. France: International
Pellets. Journal of Materials Science. 48(4): 1448-1456. Energy Agency.

Demirbas, A. 2001. Biomass Resource Facilities And [47] Libra, J. A., Ro, K. S., Kammann, C., Funke, A., D Berge, N.,
Biomass Conversion Processing For Fuels And Chemicals. Neubauer, Y., Titirici, M. -M., Fuhner, C., Bens, O., Kemn, J.,
Energy Conversion and Management. 42(11): 1357-1378. and Emmerich, K. -H. 2011. Hydrothermal Carbonization
Trangkaprasith, K., and Chavalparit, O. 2011. Heating Of Biomass Residuals: A Comparative Review Of The
Value Enhancement of Fuel Pellets from Frond of Oil Palm. Chemistry, Processes And Applications Of Wet And Dry
International Conference on Biology, Environment and Pyrolysis. Biofuels. 2(1): 89-124.

Chemistry. IPCBEE. Singapore.



