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Abstract

Oil palm industry is the largest contributor of biomass in Malaysia. Oil palm biomass are constantly generated in large quanti-
ties annually with a small fraction being converted into value added product while a large percentage are left underutilized.
Several researchers have reported the various technologies available for the conversion of oil palm biomass into useful bio-
products, including bio-fuel, biogas, bio-fertilizers, bio-composite and briquettes. In general, these technologies are either
underutilized or inadequate for full conversion of these abundantly available biomass, hence, there is an urgent need for
upgrading of such technologies. This review article highlights the availability of oil palm biomass in Malaysia, the chemical
compositions, as well as a brief description of current technologies for converting oil palm biomass into value added products.
The review also outlines a summary of the various products obtained from oil palm biomass. Steps to achieve maximum

utilization of biomass from oil palm industry are also proposed.
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Introduction

Biomass is organically based waste matter of plant and ani-
mal origins [1-3] such as sewage and municipal solid wastes
[4, 5]. Biomass has been described by several researchers
as one of the earliest sources of energy with important
and unique properties [6—14]. Kwietniewska and Tys [15]
described biomass as biodegradable fraction of products,
wastes and residues from agriculture (including vegetable
and animal substances), forestry and related industries, as
well as the biodegradable fractions of industrial and munici-
pal wastes. Biomass is also viewed as organic matters con-
sisting of carbon, hydrogen, oxygen and nitrogen [16].
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Biomass is considered as one of the earliest sources of
energy especially in rural areas [14, 17] due to its acces-
sibility and affordability. Biomass is known for its poten-
tials to provide a variety of different bioenergy and bioma-
terial products, and contributes to global greenhouse gas
reductions by serving multiple sectors, such as electricity,
heating and as transport fuels [18-20]. Biomass also plays
pivotal role of decarbonizing agricultural sector using bio-
char, as well as in production of renewable chemicals [21].
As reported by Khan et al. [22], biomass contributes about
9-14% of the total energy supply in the developed countries
while in the developing countries, it contributes about one-
fifth to one-third of the total energy supply.

Oil palm biomass refers to agricultural by-products
generated from the oil palm industries during replanting,
pruning and milling activities, which in most cases is left
to decompose in the fields [23]. While the bulk of oil palm
tree (~90%) is predominantly considered as biomass, palm
oil only accounts for 10% of the tree [24]. Oil palm biomass
generated at the plantation includes oil palm trunk (OPT)
and oil palm fronds (OPF); biomass from empty fruit bunch
(EFB), palm kernel shell (PKS), mesocarp fibre (MF) and
palm oil mill efluent (POME) is generated at the oil palm
processing mills [3, 25, 26]. It is disheartening to note that a
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large portion of oil palm biomass is either air burnt or left at
the plantations, thereby constituting environmental hazards
to lives. In order to circumvent the challenges posed by the
improper disposal of oil palm biomass, several researches
had been carried out to convert this readily available and
renewable biomass into value added products with varied
applications [27]. It has been reported amongst others, fibres
from oil palm biomass possess excellent and outstanding
properties. Therefore, they can be used as reinforcing fillers
in support matrices for enzyme immobilization and renew-
able sources of materials to produce value-added products
such as pulp and paper, as well as bio-composite and hybrid
composites in paper and furniture industries respectively
[28, 29].

Brief History of Oil Palm and Its Biomass
in Malaysia

Oil palm (Elaeis guineensis), has its origin in West Africa
where it was considered as a native plant useful for differ-
ent purposes, and now its plantation has been spreading
widely, particularly in South American and Asian continents
[30-32]. Nigeria was first regarded as the world’s largest
producer of palm oil until mid-1960s [33], when Malaysia’s
palm oil production surpassed that of Nigeria as a result of
rapid growth in the oil palm industry. Until 2007 when Indo-
nesia took over the lead, Malaysia was the world’s largest
producer and exporter of palm oil and its associated products
[30, 34, 35]. Oil palm tree grows well in tropical weather
with high amount of rainfall [32], accountable for its suc-
cessful cultivation in Indonesia and Malaysia. Palm oil pro-
duction from these two countries accounts for about 85% of
palm oil produced worldwide, with Indonesia and Malaysia
contributing 44 and 41% of yields, respectively [36].

Oil palm tree was first introduced in Malaysia as orna-
mental plant by the British in 1871 [37]. The commercial
scale cultivation of oil palm tree in Malaysia started about a
century ago with the establishment of the first oil plant plan-
tation at Tenamaran Estate in Selangor in 1917 [3]. Malaysia
experienced a steady increase in cultivation of oil palm trees
after her independence in 1957. This success was achieved
through the establishment of various programs initiated by
the Malaysian government [3] that led to the rapid growth in
the oil palm industry, and by 2014 palm oil plantations had
occupied more than 16% of the available land in Malaysia
[2].

Although its status quo as the world’s largest palm oil
producer has been overtaken by Indonesia [34], Malay-
sia still retains its position as the world’s largest palm oil
exporter to date [38]. From 1960s to 2014, the oil palm plan-
tation in Malaysia had been rapidly growing, from just about
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54,000 hectares in the 1960s to approximately 5.39 million
hectares in 2014 [39-41].

Oil Palm Biomass in Malaysia

Palm oil is considered as the most important agricultural
crop in Malaysia, with the oil palm industry being the fourth
largest contributor to the Malaysian’s Gross National Income
(GNI), generating billions of Ringgits [38]. The production
of palm oil is associated with large amount of biomass [40]
and one of the major challenges is its biomass disposal [42].
As mentioned earlier, there are six major biomass generated
from the oil palm industries (Fig. 1) viz. oil palm fronds
(OPF), oil palm trunks (OPT), empty fruit bunches (EFB),
palm kernel shells (PKS) mesocarp fibres (MF) and palm
oil mill effluent (POME) [25, 43]. The oil palm biomass
is further categorized into solid and liquid wastes, with a
total of 83 million tonnes of solid wastes and 60 million
tonnes of liquid waste generated in 2012, respectively [38].
This figure is expected to have increased to a range between
85-110 million and 70-110 million tonnes for dry solid and
liquid wastes, correspondingly by year 2020 [38]. This pro-
jection is in line with the continuous growth of the planted
area of the oil palm in Malaysia. As earlier stated, most of
the biomass is left in the plantations, a scenario that dem-
onstrates underutilization of the important lignocellulosic
feedstock. About 75% of the solid waste is made up of OPF
and OPT that are readily available in the plantations, while
EFB, MF and PKS that account for the remaining 25% are
usually available at the mills [38]. Available at the mill also
is the liquid waste—POME.

The rapid growth in the oil palm plantation has its chal-
lenges, one of which being the huge quantity of biomass
generated from the plantations. As a matter of fact, 44 mil-
lion tonnes of dry weight OPF is produced annually dur-
ing harvesting of oil palm fruits [3] and out of which about
15 ton per hectare of dry OPF were usually cut off and
allowed to decompose naturally during the season of replant-
ing. While insignificant percentages of such biomass have
been converted to value-added products (adsorbents, fillers
and anti-caking) by various conversion processes such as
that of mechanical [44] and thermochemical [45], the full
economic benefits of this versatile tree remains unexploited.

Availability of Oil Palm Biomass in Malaysia

Oil palm biomass is generated basically from pruning, har-
vesting, replanting and milling activities. In 2014, a total
of 95.38 million tonnes of oil palm fresh fruit bunch (FFB)
was harvested [46]. During the harvesting process, approxi-
mately 42.06 million tonnes of OPF were pruned. Also, in
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Fig. 1 Components of oil palm
tree

the same year, the replanted area was estimated as 95,584
hectare [41]. It has been estimated that during replanting
activities, 14.47 ton of OPF can be generated per hectare of
replanted area [47]. Therefore, in 2014, about 1.3 million
tonnes of OPF was generated from replanting activity, bring-
ing the total OPF from both activities to 43.39 million tonnes
of which 50% is expected to be left in the plantation, hence
the available OPF as at 2014 was approximately 21.7 million
tonnes. OPT generated per hectare of land during replanting
was estimated at 75 ton [48], hence, a total of 7.3 million
tonnes of OPT was generated from replanting activity in
2014. Out of this figure, 50% was expected to be left in the
plantation for maintenance of soil nutrient. Therefore, based
on the data of 2014, a total of 3.6 million tonnes of OPT
was available and needed to be converted into value added
products that can generate more revenue for the Malaysian
government [3].

Typically, FFB is made up of palm oil, palm kernel, EFB,
PKS, MF and POME and their weight percentages on wet
basis are shown in Fig. 2 [49]. The biomass generated at the
mill from the processing of the 95.38 million tonnes of FFB
harvested in 2014 [46], in accordance with the percentage

Epalmoil mEFB ®mPK =PKS mMF ®mPOME

Fig.2 Components of fresh fruit Bunch [49]
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composition as shown in Fig. 2, would have led to the gen-
eration of 7.34 million tonnes of EFB, 4.46 million tonnes of
PKS, 7.72 million tonnes of MF dry weight basis [46]. The
oil palm solid biomass generated in 2014 was approximately
70.21 million tonnes, out of which 44.82 million tonnes
was available for conversion into value added products and
almost 25.39 million tonnes were left to decompose in the
plantations [46]. The above statistics is an indication that oil
palm biomass is readily available in Malaysia.

Composition of Oil Palm Biomass

The large quantity of oil palm biomass generated in the
fields and mills is of great concern. Knowing the chemi-
cal composition of such biomass has become necessary to
unravel its hidden potentials, which subsequently results in
proper utilization.

Energy Content of Oil Palm Biomass

Considering the nonrenewable nature of fossil fuel, shortage
of fossil fuel and the continuous rise in oil price, specific
interest to develop alternative renewable fuel remains rel-
evant. Also, the over dependence of the chemical industries
on petrochemicals raw materials especially organic chemi-
cals produced from petroleum feedstock had placed much
demand on fossil fuel. The negative impact of these trends
on the environment is enormous, particularly as it leads to
increase level of greenhouse gases (GHGS) in the atmos-
phere, and its associated global warming effect [50, 51]. Fos-
sil fuel combustion accounts for about 90% of CO, which is
the major contributor to greenhouse gases [52].The expected
environmental damage due to emissions from combustion of
fossil fuel (oil, coal and natural gas) has become a critical
issue. This has therefore necessitated a shift from the use of
fossil fuel as source of energy to utilizing renewable energy
sources such as biomass with less environmental harmful
effects [53, 54]. In the light of this, the development of large
bioenergy economy as an alternative to the current fossil fuel
dependent energy system has become a necessity.

The calorific values of the major biomass from oil palm
industry as shown in Fig. 3, records that PKS possesses the
highest calorific value; lower calorific values were observed
for OPF and OFL [46]. Experimentally, the calorific value
of a biomass can be determined using an adiabatic bomb
calorimeter [55]. On the other hand, the same purpose can
be achieved by utilizing data generated from ultimate and
proximate analyses, via elemental analyzers [56]. The per-
centage weight of the various components—moisture (M),
volatile matter (VM), and ash (A) present in the biomass can
be determined using thermogravimetric analyzer [57] and
the percentage weight of fixed carbon (FC) can be obtained
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Fig. 3 Calorific values for oil palm biomass [46]

by calculating its difference. In like manner, the percentage
weight of the chemical elements (C, H, N and S) in the bio-
mass can be estimated using CHNS analyzer while oxygen
is determined by difference [57]. The data generated from
these analyses can be used to estimate the calorific value
(total energy content) of a fuel, that is, the lowest heating
value (LHV) and the highest heating value (HHV) of the
biomass [56]. Two empirical correlations (Eqgs. 1, 2) for
HHYV were predicted using data from ultimate and proximate
analyses of lignocellulosic biomass [56].

HHV

0.2949C + 0.8250H 1)

HHV = 0.1905VM + 0.2521FC 2)

Ultimate Analysis

Several researchers have carried out characterization
(ultimate and proximate analyses) of oil palm biomass
to establish its chemical compositions [26, 46, 57-61,
64, 67]. Ultimate analysis of oil palm biomass (Table 1)
has revealed the presence of elements such as carbon
(C), hydrogen (H), nitrogen (N), sulfur (S) and oxygen
(O) [26, 57-61]. The HHV of oil palm biomass can be
estimated from the values of carbon and hydrogen using
Eq. 1 [56]. The ratios of H:C and O:C in a biomass deter-
mine its energy content, as the energy released during
combustion is a measure of the strength of the bonds
between the elements that constitute the fuel. Biomass
with high proportion of hydrogen and oxygen compared
to carbon would possess low calorific value [1]. This is
because of the lower energy required to break the bonds
that exist between hydrogen—carbon and oxygen—carbon
as compared to the energy required to break carbon—car-
bon bonds. The oil palm biomass has more oxygen con-
tent compared to coal [46], hence, its calorific value is
lower when compared with that of coal. This deficiency
is provided for by the large quantities of oil palm bio-
mass that are readily available and accessible. One of the
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Table 1_ Ultimate analysis of oil Biomass type C (%) H (%) N (%) S (%) O (%) References
palm biomass
Palm kernel shell 49.74 5.32 0.08 0.16 44.86 [59]
48.06 6.38 1.27 0.09 34.10 [61]
51.63 5.52 1.89 0.05 40.91 [57]
48.68 4.77 1.17 0.20 45.27 [60]
57.91 12.60 0.04 ND 49.99 [46]
Empty fruit bunch 45.00 6.40 0.25 1.06 47.30 [26]
48.79 7.33 - 0.68 40.18 [58]
47.65 5.2 1.82 0.36 44.97 [60]
48.72 7.86 0.25 ND 48.18 [46]
Oil palm trunk 42.72 5.61 0.44 - 51.25 [64]
51.41 11.82 0.17 ND 51.16 [46]
Oil palm leaf 40.40 5.58 1.94 - 52.09 [64]
49.73 10.26 0.38 ND 52.43 [46]
Oil palm leaf rib 43.76 6.30 0.38 - 49.57 [64]
Oil palm fronds 44.58 4.53 0.71 0.07 48.80 [67]
42.76 5.99 0.39 - 50.88 [64]
48.43 10.48 12.40 ND 46.75 [46]
Mesocarp fibre 51.52 5.45 1.89 0.23 40.91 [60]
46.40 9.28 0,39 ND 50.212 [46]
Palm oil mill effluent 50.01 15.78 1.99 - 46.90 [46]

advantages of oil palm biomass having high proportion
of oxygen is that, when used as fuel, less external air is
required for complete combustion [62], which makes it
an economically viable fuel source. The low values of
nitrogen and sulfur (Table 1) in oil palm biomass indi-
cate that it is potentially an environmentally friendly fuel
with lower risk of further emissions of greenhouse gases
(GHGs) [46, 63].

Proximate Analysis

Proximate analysis of some of the solid oil palm biomass
(Table 2) showed that the biomass contained moisture (M),
volatile matter (VM), ash (A) and fixed carbon (FC) in vari-
ous proportions [26, 57-61, 64, 66, 67]. The values of vola-
tile matter and fixed carbon for the various oil palm biomass
range from 66 to 83% and 3 to 20% respectively, an indica-
tion that some biomass would contain high calorific values.
A combination of VM and FC provides information about

Table 2 Proximate analysis of

: . Biomass type Moisture Volatile mat-  Ash (%) Fixed carbon (%) References
oil palm biomass content (%) ter (%)
Palm kernel shell 11.00 67.20 2.10 19.70 [59]
5.40 71.10 4.70 18.80 [61]
- 72.47 8.97 18.56 [57]
- 73.77 11.08 15.15 [60]
Empty fruit bunch - 71.20 7.54 18.30 [26]
6.36 78.20 4.53 16.46 [66]
8.78 79.65 3.00 8.60 [58]
- 77.10 6.10 16.18 [60]
Oil palm fronds 13.84 82.70 0.24 322 [64]
- 83.50 1.30 15.20 [67]
Oil palm leaf 9.00 66.76 12.32 11.92 [64]
Oil palm leaf Rib 8.01 75.94 4.26 11.79 [64]
Oil palm trunk 7.16 82.60 5.27 4.97 [64]
Mesocarp fibre - 73.03 10.83 16.13 [60]
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the extent to which the biomass can be ignited, gasified or
oxidized [1]. These data have presented oil palm biomass
as a good source of fuel that can be converted into biogas
[65, 68] and biofuels using appropriate technology. The low
moisture contents of oil palm biomass as shown in Table 2
further proves that it is a good feedstock for thermochemical
production of biofuels [1].

Furthermore, analysis of the volatile matter had further
confirmed that oil palm biomass is made up of organic sub-
stances such as cellulose, hemicellulose and lignin as shown
in Table 3 [26, 59, 64, 70]. From Table 3, it can be inferred
that the solid oil palm biomass is lignocellulosic in nature,
hence, can be converted easily into simple sugars that can
be transformed into useful biochemical and biofuels [46].
The relatively high value of lignin in PKS and MF is an
indication that oil palm biomass is good fuel for thermal
combustion [46]. On the other hand, OPF, OPT and EPB
contain relatively high amount of cellulose and hemicellu-
lose, which implies that the oil palm biomass could serve as
a good feedstock for bioprocessing [46].

Lignocellulosic Components of Oil Palm
Biomass and Their Respective Applications

Lignocellulosic materials are organic compounds that
largely comprised of hemicellulose, cellulose and lignin.
Hemicellulose is made up of different monosaccharide units,
predominantly pentose sugars and it exists as either homo-
polymer or hetero-polymer and both are readily soluble in
alkalis, making the hydrolysis of hemicellulose relatively
easy [71-73]. Cellulose is a crystalline natural polymer
consisting 6-carbon monomers (pyranose) that are joined
to each other by -O-, f-(1,4)-glycosidic linkages [74, 75].
Its crystalline structure makes it resistant to both acid and
enzymatic hydrolysis. Lignin, on the other hand, is an aro-
matic polymer basically made up of randomly substituted
phenylpropane monomeric units, such as syringly and guaia-
cyl p-hydroxylphenyl units [76, 77].

Table 3 Lignocellulosic content of oil palm biomass

Biomass type Cellulose (%) Hemicel- Lignin (%) References

lulose

(%)
Palm kernel shell 27.70 21.60 44.00 [59]
Oil palm fronds  40.01 30.78 29.50 [70]
Oil palm leaf 32.49 22.97 26.00 [64]
Oil palm leaf rib  46.10 23.17 29.31 [64]
Empty fruit 23.70 21.60 29.20 [26]

bunch

Oil palm trunk 34.44 23.94 35.89 [64]
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Virtually all oil palm biomass are lignocellulosic in
nature, with exception of POME. The chemical composition
of solid oil palm biomass are largely made up of hemicel-
lulose, cellulose and lignin in varying proportion, depending
on the biomass types [69]. A study by Hashim et al. [69] on
the chemical composition of oil palm biomass revealed that
hemicellulose is the dominant chemical component of all
the solid oil palm biomass followed by cellulose, with lignin
having the lowest value, except for PKS.

Like other lignocellulosic biomass, the energy stored in
solid oil palm biomass found in the form of polysaccha-
rides can either be utilized directly as fuel or can be broken
down into simple sugars that can be subjected to further
processing to generate various bio-products valuable in vari-
ous spheres of life. Biofuel can be produce from oil palm
lignocellulosic biomass by subjecting the biomass to extrac-
tion and purification to produce bio-oil. Similarly, biodiesel
can also be obtained from the lignocellulosic portion of oil
palm biomass via esterification and purified processes. On
the other hand, fermentation and distillation of oil palm bio-
mass produce bioethanol. Biogases is also produced from
lignocellulosic oil palm biomass by employing anaerobic
digestion method, with useful applications in cogeneration
of electricity [78]. Lignocellulosic oil palm biomass can
be transformed into a myriad of technologically advanced
materials for industrial applications. A recent study by Elias
et al. [79] had demonstrated the utilization of nanocellulose
extracted from oil palm frond leaves to reinforce chitosan
as support matrix for covalent immobilization of Candida
rugosa lipase. Similarly, EFB being relatively rich in cel-
lulose (49-65%), is a potential source for natural fibre [80].
The high cellulose content of EFB qualifies it to be used in
plastic industries to reinforce thermosetting and thermoplas-
tic materials [81, 82]. OPT and OPT reinforced with EFB
had been successfully used to produce laminated bio-com-
posite and hybrid of laminated bio-composite respectively
with excellent features [80].

Current Utilization Level

It has been described that certain parts of the oil palm
biomass wastes are useful in their natural forms, while
others may require physical, chemical, thermochemical or
biological processes to be converted into commercially
valuable end products. A brief summary of the various
end products obtained directly or indirectly from oil palm
biomass is presented in Table 4 [83—-120]. EFB and OPF
parts of the oil palm tree undergo chemithermomechanical
pulping forming small sized pulps, and crushed oil palm
fruit shells are converted into briquettes and used as fuel
[86]. While OPF are pelleted for feeding live stocks [87]
and also a good source of hydrogen gas [45], the gen-
eral bulks of OPF are decomposed for soil mulching or
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Tablg 4 Indl{str ial applications S/mo  Type of biomass Utilization References
of oil palm biomass
1 Oil palm trunks Paper making
Production of plywood [44]
Production of laminated veneer lumber [91]
Production of particle board panels [92]
Production of bio-oil and bio-char [64]
2 Oil palm fronds Paper making [93]
Production of bindless boards [92]
Production of syngas [133]
Roughage for ruminant animals
Production of bio-oil and bio-char [64]
3 Empty fruit bunch Paper making [96]
Production of syngas/hydrogen [25, 98]
Production of fertilizer [33]
Production of medium density fibre boards and black boards ~ [29, 99]
Production of briquettes [100]
Production of bio-composite [23, 28, 80]
Production of biochar [101]
Production of activated carbon [83]
Electricity generation
Production of hydrogen [45,102]
4 Mesocarp fibre Briquettes [49]
For erosion control [165]
For making mattress cushion [84]
For soil stabilization [165]
For horticulture and landscaping [165]
For ceramic and brick production
For paper production [103]
For acoustic control
As fertilizer [164]
For animal feed [85]
As filler in thermoplastic and thermosetting composite [23, 80]
Production of bio-oil [104]
5 Palm kernel shell Syngas production
Briquettes production [49]
For producing PKS/chitosan composite for removal of heavy ~ [105]
metals from waste water
Production of carbon molecular sieve [106-109]
Production of bio-oil [104, 110]
6 POME Biogas synthesis
For producing fertilizer [111]
Syngas synthesis [112]
7 Oil palm boiler ash  For silica gel synthesis [113]
As bio-fertilizer [114]
For producing cement bricks [115]
As absorbent for sulfur dioxide, for removal of disperse dyes  [116-118]
and Cr (VII) from aqueous solutions
As filler in polypropylene composite [119]
As filler in natural rubber composite [120]
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decomposed naturally by action of microorganisms in the
plantation [39, 88]. Some of the technologies available
for converting oil palm biomass as published by earlier
researchers are as reviewed below.

Technologies for Converting Oil Palm
Biomass to Value Added Products

There are numerous benefits embedded in lignocellulosic
biomass, but before these benefits can be exploited fully,
the biomass must be subjected to certain pretreatments
[88]. The use of biomass directly as a source of fuel can
generate substantial amount of pollutants to land and the
environment [89, 93], hence the need to convert biomass
into useful materials with minimal environmental chal-
lenges, has become imminent. The various technologies
(Fig. 4) available for converting oil palm biomass to value
added products such as biofuels and biochemical include
chemical, physical, thermochemical and biochemical
conversions respectively [16, 45, 95, 103]. Some of these
technologies will be briefly discussed in the following
sub-sections.

Thermochemical Conversion of Oil Palm Biomass

This involves the conversion of oil palm biomass into a
range of important compounds by a combination of ther-
mal decay and chemical reformation. It is achieved by
either heating oil palm biomass in the presence of oxygen
at different concentrations or heating in the absence of
oxygen [6]. One of the advantages of this method is that
nearly all the organic components of the oil palm biomass
can be converted into useful products such as gaseous and
liquid fuels. Thermochemical processes include pyrolysis,

Fig.4 Technologies for convert-
ing oil palm biomass into
biofuel and biochemicals

Anaerobic
Digestion

Enzymatic

Fermentation

Distilling
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combustion, gasification and liquefaction/hydrothermal
upgrading [1].

Pyrolysis

Pyrolysis is a thermochemical conversion process that is
used to transform lignocellulosic biomass, such as oil palm
biomass, directly into gaseous and liquid fuels [97]. This
method is accompanied by heating oil palm biomass in total
absence of oxygen at a temperature of about 500 °C to pro-
duce various organic liquids that can be refined to make
liquid fuel [6]. The process proceeds via a slow chemical
reaction occurring at low temperatures that converts the
biomass into mixtures of hydrocarbon rich gases (OC, CO,,
CH,, and H,) and a carbon rich residue [13]. The types of
product obtained from pyrolysis largely depend on certain
parameters such as temperature, heating rate as well as the
particle size of the catalyst used, and therefore, understand-
ing of pyrolysis kinetics is important for optimum conver-
sion of the biomass into the desired products [121]. Pyroly-
sis can be classified as either slow or fast, depending on the
temperature involved, heating rate and the time taken for the
process [1, 122, 123]. While the products of slow pyrolysis
are mostly char, those of fast pyrolysis are predominantly
liquid [123, 124]. EFB, PKS and MF have been subjected
to pyrolysis to produce bio-oil [59, 125] that are used as
feedstock for industrial processes, as well as porous char,
serving as a good precursor for producing adsorbents like
activated charcoal [126].

Combustion

This is the oldest technology employed by man to gener-
ate energy by directly burning biomass in the presence of
oxygen or air to release the stored chemical energy as heat
in burners, boilers, internal combustion engines and tur-
bines [16, 127]. Generally, combustion of biomass results

Super Critical Conversion Hydrolysis

Chemical Combustion

|
l

Physical

Liquefaction /
Hydrothermal

S

Mechanical . )
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in the production of hot gases at a temperature around
800-1000 °C [1]. It leads to release of carbon dioxide which
was initially removed from the atmosphere during the pro-
cess of photosynthesis and thus maintains an equilibrium
level of carbon dioxide, unlike combustion of fossil fuels
that increases the level of carbon dioxide [128]. The stoi-
chiometric equation (Eq. 3) for the combustion of biomass
using the basic empirical formula for cellulose is given
below:

(CﬁHuoS)m) + 610, — 6nCO,,) + 5nH,0, 3)

Biomass can be burned directly in waste-to-energy plants
without any chemical processing to produce steam for mak-
ing electricity and heat for industries and homes [127]. Bulk
of the energy required at the palm oil mills is supplied by
direct combustion of oil palm biomass especially PKS and
MF [39, 129]. However, the high moisture content of some
oil palm biomass, particularly EFB, has limited its direct
combustion efficiency, leading to unstable combustion
rate [16]. It also has a negative impact on the environment,
hence, to protect the environment from air pollution, the
Malaysian government has discouraged the direct combus-
tion of oil palm biomass [39].

Gasification

Gasification of biomass is a thermochemical technology
that involves the conversion of biomass into various gase-
ous fuels through partial oxidation of the biomass at high
temperatures, usually in the range of 800—900 °C [1]. Prod-
ucts obtained from gasification of biomass include hydrogen,
carbon monoxide, methane, carbon dioxide, water vapor and
nitrogen [1, 130]. Subjecting oil palm biomass to gasifica-
tion leads to the production of synthesis gas [131]. The syn-
thesis gas can be processed into several other products such
as liquid hydrocarbons through Fischer—Tropsch synthesis
[132]. PKS, OPF, OPT EFB and MF of oil palm biomass
are good source of hydrogen [45, 133]. One of the major
disadvantage of gasifying oil palm biomass is that it leads
to the production of substantial quantity of impurities such
as acid gases that have negative effect on the environment
[134]. Another challenge associated with this technology is
the laborious downstream purification process involved in
order to obtain the products in their pure forms, hence limit-
ing the efficiency of the technology.

Liquefaction/Hydrothermal Upgrading

Liquefaction is a thermochemical conversion that involves
breaking down high molecular weight components (cellu-
lose, hemicellulose and lignin) of lignocellulosic biomass
into compounds of low molecular weight that are quite

reactive, and can be used as precursors for several industrial
processes [135-138]. Hydrothermal liquefaction of biomass
is a technology designed to handle the high moisture content
in biomass, leading to high biomass conversion with good
purity of products [139]. Hydrothermal upgrading converts
biomass in a wet environment at high pressure to partly oxy-
genated hydrocarbon, whereas liquefaction is the conversion
of biomass into stable liquid hydrocarbon that utilizes low
temperature and high hydrogen pressure. The interest in this
technology is low because the reactors and the fuel-feeding
systems are more complicated, and are not cost effective
when compared to pyrolysis processes [1].

The liquefaction of oil palm solid biomass such as EFB
[139, 140] has been studied using different alkaline catalysts
and different solvents. It has been established that using 1 M
potassium carbonate (K,CO;) as catalyst and ethylene glycol
as solvent in different studies would give the best conversion
of EFB to liquid oil. In a separate analysis, Mazaheri et al.
[34] carried out the decomposition of oil palm press fib-
ber using 10% of sodium carbonate and sodium hydroxide
(NaOH) independently and obtained 90% conversion of the
solid biomass to liquid oil. Optimization of the above work
was done using subcritical water and NaOH as additive, and
the result showed that optimal condition for the conversion
of oil palm press fibre to liquid oil could be achieved 278 °C
with an incubation period of 40 min [141].

Biochemical Conversion of Biomass

This involves the conversion of biomass to useful products
using five major technologies viz. fermentation and anaero-
bic digestion, photosynthetic organisms, dark fermentation
and esterification processes [6]. Among these five alterna-
tives, fermentation, esterification and anaerobic digestion
are the most frequently used, while the other two are still in
the experimental stage [6].

Fermentation/Enzymatic Hydrolysis

Lignocellulosic biomass is usually converted to biofuels and
biochemical via a disruptive pretreatment process followed
by enzymatic hydrolysis of the resulting cellulose to sim-
ple sugars that are subjected to fermentations to yield the
desired products [142]. Fermentation is used commercially
on a large scale for production of ethanol from sugar crops
(sugarcane, sugar beet) and starch crops (maize, wheat) by
action of enzymes [1]. Starch has to be first converted to
simpler sugars—maltose, glucose, fructose—before fermenta-
tion to ethanol can be accomplished.

Solid oil palm biomass of lignocellulosic in nature, such
as OPT can easily be converted to ethanol via fermentation
of the sap, the bagasse or the cell wall [143]. The sap of OPT
is made up of various types of sugars predominantly glucose,
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sucrose and fructose [144]. Other chemical compounds pre-
sent in the sap of OPT are vitamins, amino acids and organic
acids. As a result, the sap of OPT could be subjected to
direct fermentation to produce biochemical products such
as lactic acid and ethanol [145-147]. Cellulose, hemicellu-
lose and lignin present in the cell wall of OPT can undergo
hydrothermal treatment, followed by enzymatic hydrolysis
to yield the desired bio-products [143]. Bioethanol can also
be synthesized from a combined process of saccharification
and fermentation simultaneously [148]. EFB is another good
raw material for bioethanol production using this technology
[149-151].

Anaerobic Digestion

This is the biochemical conversion of biomass into bio-gas
which is majorly made up of methane and carbon diox-
ide with small quantities of other gasses such as hydrogen
sulfide [13]. In this technology, the biomass is converted
by bacteria in an anaerobic environment to produce a gas
with an energy content of about 20-40% of the lower heat-
ing value of the feedstock [1]. It is a widely used technol-
ogy for the treatment of organic wastes with high moisture
content. Anaerobic digestion is the process that involves the
decomposition of organic matter by a microbial consortium
in an oxygen-free environment [152]. Anaerobic digestion
is achieved through a series of metabolic reactions such as
hydrolysis, acidification, acetogenesis and methanogenesis
that are carried out by various groups of microorganisms
[153]. The first group of microorganisms enzymatically
hydrolyze complex organic compounds to monomers (e.g.
glucose, amino acids), which are subsequently converted to
higher volatile fatty acids (VFA), H, and acetic acid. The
second group that is the acetogens convert higher volatile
fatty acids such as propionic and butyric acid to H,, CO,,
and acetic acid. Finally, methanogenic bacteria convert H,,
CO,, and acetate to CH, and CO, [15, 154].

Chaikitkaew et al. [78] subjected EFB, palm press fibre
(PPF) and decanter cake (DC) to solid state anaerobic
digestion to produce methane, with EFB giving the highest
yield of 55 m® CH,/tonne. Their work therefore confirmed
that oil palm solid biomass is a good source of methane.
POME, a liquid waste from palm oil mills, has been sub-
jected to anaerobic digestion to yield methane [155-157].
The adopted method for methane production from POME
that has been the practice in Malaysia is anaerobic digestion
in pond system [158]. However, the production of methane
from POME through this technological route is associated
with several drawbacks [155, 157], making recovery of the
synthesized methane practically impossible [156]. It has
therefore become necessarily to develop biogas plants in the
various oil palm mills to enhance proper recovery and utili-
zation of CH, produced from POME [159]. The presence of
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some marine macro algae as co-substrate in the biogas plant
designed for high CH, synthesis can reduce the yield of CH,
[160], hence it should be eliminated.

Physical Conversion Technology

Physical method of converting biomass into useful end prod-
ucts include distilling, mechanical extraction and briquet-
ting (Fig. 4). The briquetting technology is briefly discussed
below.

Briquetting of Oil Palm Biomass

Briquetting is a mechanical conversion technology employed
to compact loose oil palm solid biomass into uniformly
packed solid fuel. It leads to improvement in the heating
properties of oil palm solid biomass by compacting it into
pallets of higher density [49]. Palm press fibres, PKS as
well as EFB has been made into briquettes to produce bet-
ter fuel properties [161]. Briquettes are usually of higher
energy with much lower moisture compared to the starting
materials. Briquetting of biomass can be achieved through
either piston press or screw extrusion technologies [162].
An additional advantage of briquetting technology is that,
it makes transportation and storage of the fuel a lot easier.

Technologies Available in Malaysia
to Valorize Oil Palm Biomass

At the moment in Malaysia, utilization of technologies
such as pyrolysis, gasification, hammering, baling, pellet-
ing, anaerobic digestion, fermentation and esterification to
valorize oil palm biomass has reached a relatively advanced
stage. Value-added products such as syngas, biodiesel, bio-
char, biogas, bioethanol pellets and briquette have been
produced from various oil palm biomass using these tech-
nologies [163]. In addition to the abovementioned technolo-
gies, direct utilization of oil palm biomass as bio-fertilizer is
another technology that has been in existence in Malaysia.
In this technology, OPT and OPF are shredded and reused
in the plantations as mulch to preserve and enhance soil
fertility [164]. EFB is also converted into bio-fertilizer i.e.
composting [33]. Likewise, untreated PKS and MF have
been used in oil palm processing mills as solid fuels to gen-
erate electricity [165], enabling several oil palm mills in
Malaysia to become energy self-sufficient. Another technol-
ogy employed to improve the energy capacity of oil palm
biomass is torrefaction. Torrefied biomass is preferable as
it is more brittle, facilitating grinding, and therefore is less
energy intensive. This technology involves heating oil palm
biomass at temperatures ranging between 200 and 300 °C
under non-oxidizing atmosphere, affording a high energy
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density bio-products [165]. Essentially, the process converts
biomass into a coal-like material, which has better fuel char-
acteristics than the original biomass.

In Malaysia, oil palm biomass has been successfully con-
verted into various wood products, viz. bio-composites, ply-
wood, fibre mats, fibre boards, activated charcoal and several
others [27, 29, 44, 166]. Production of plywood from OPT
has been reported [167, 168]. EFB can be processed into
fiber mats and mulch used to control erosion and preserva-
tion, as well as for soil enrichment, respectively. Likewise,
both forms of EFB have found applications in landscaping
and beautification of residential areas, as well as drainage
channel banks and used in construction of embankment in
railways/highways [165]. Melt and blending technology
is also practiced in Malaysia, where oil palm biomass is
converted into oil palm fibre-based hybrid composites with
impressive features, such as biodegradability, low den-
sity and non-abrasiveness [169, 170]. Production of acti-
vated carbon from oil palm biomass is another technology
employed in Malaysia to convert EFB into value-added prod-
uct, and it is used extensively as industrial adsorbent for the
removal of a mixture of pollutants [83, 171]. For instance,
removal of 2,4,6-trichlorophenol in wastewater using acti-
vated carbon produced from EFB has been reported [172].

Steps to Achieve Maximum Utilization
of Biomass from Oil Palm Industries
in Malaysia

It’s important to mention here that the effective use of
lignocellulosic oil palm biomass via transformation into
useful bio-products viz. bioethanol, biochemical and other
green products at the commercial-scale has not been very
encouraging due to the absence of an effective collection
and processing systems of such biomass in Malaysia. To
boost conversion of oil palm biomass or any other forms
of biomass in Malaysia into value-added products, Lahad
Datu Biomass JV Cluster Berhad was established in July
2014, following a joint venture agreement signed by five
biomass leading companies in Malaysia. This consortium
of companies includes; Genting Sdn Bhd, Kelas Wira Sdn
Bhd, Bell Corp Sdn Bhd, Teck Guan Industries sdn Bhd
and Golden Elate Sdn Bhd [38]. To address the bottle-
neck of long existing gap in the market between owners
of biomass (oil palm farms, mills, processing industries)
and the downstream users, the establishment of a cluster
(led by the Agensi Inovasi Malaysia (AIM)) by the Malay-
sian Government in 2014 was indeed relevant and timely.
In addition to the present existing cluster, the Malaysian
Prime Minister in February 2016, launched the Sabah and
Sarawak Biomass Industries Development Plan. In this
plan, a total of eight clusters are expected to take off fully

in Malaysia to cater for the large volume of oil palm bio-
mass in the country. These clusters include; Lahad Datu,
Sandakan and Tawau for Sabah, as well as Bintulu, Miri,
Tanjung, Manis and Kuching for Sarawak [38]. The pro-
posed plan to establish these eight biomass clusters would
further strengthen the technological advancement in the
biomass industries in Malaysia. Asia’s first integrated
biomass cluster or bio hub is also proposed to take off at
Kuching, Sarawak. If this proposal materializes, Sarawak
may finally have the first commercial-scale biomass plan-
tation, multi-feedstock biomass hub, bio-port, 2G etha-
nol plant and 2G biochemical plant in Asia. This project
would open up the market for biomass industries with an
estimated RM20 billion additional Gross National Income
(GNI) for Malaysian government [38].

Hock Lee group and Beta Renewables were the earlier
companies to commence a commercial-scale production
of bioethanol in Malaysia, utilizing the facilities available
at the first Asia’s Commercial-scale Biomass—to—Ethanol
Plant located at Bintulu. Subsequently, a Biomass—to—eth-
anol plant was established in Tawau, Sabah in 2013 by
Tech Guan, Mitsui and Inbicon to handle the conversion
of lignocellulose biomass to value-added products. How-
ever, all stakeholders, ranging from biomass as well as
technology owners, and international off-takers were fully
involved [38]. Commercial-scale production of bioetha-
nol from oil palm biomass in Malaysia was first achieved
in 2014 and commercial biofuel from cellulosic ethanol
became first available in Malaysia. Production of cellu-
losic ethanol from oil palm biomass started as a pilot-scale
project through a joint partnership between Sime Darby
Plantation and Mitsui Engineering Shipbuilding of Japan
(Biofuel Digest). The facility producing cellulosic etha-
nol formally co-located within Sime Darby’s facilities in
Selangor was later taken over and operated by Tech Guan
Group in Malaysia (Biofuel Digest). Correspondingly,
Beta Renewable state-of-the-art technology is another
foreign technology that specializes in converting oil palm
biomass into biofuels and biochemical in Malaysia. While
cellulosic ethanol (second generation biofuel) from oil
palm biomass may not be as cost-effective as bioethanol
from other agricultural products i.e. corns and sugarcane
(first generation biofuels), the conversion of cellulosic
ethanol from oil palm biomass into a plethora of impor-
tant industrial chemicals, such as butanol, ethylene, ace-
tic acid polyethylene, butadiene, ethyl acetate, butene and
ethylene oxide proves its versatility. Pertinently, the syn-
ergistic effect of all the aforementioned initiatives would
significantly encourage and facilitate better involvement
of the different agricultural and manufacturing players
at transforming oil palm biomass into value-added prod-
ucts [165], an integral aspect for the country’s alternative
wealth creation objective.
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Markets for Oil Palm Biomass Products

Bio-products from oil palm biomass have useful applications
in several spheres of life, ranging from residential homes,
offices to industries. At the moment, several products are
patronized locally while a few being exported to other coun-
tries where they are needed to meet the energy requirement
for those nations. In Malaysia, most oil palm processing
mills are operating on self-generated electricity from oil
palm biomass [173], and the magnitude of energy generated
is far more than what is required by the mills. With proper
agreement between relevant authorities, the excess gener-
ated electricity has the potential to be sold to residential and
commercial areas within the locality. Biogas produced from
oil palm biomass in Malaysia is currently utilized locally for
generating power in both National Grid Feed In and in the
private sectors. Other potential local markets for biogas in
Malaysia include; SEDA FiT Sales, BOO/BOT investors as
well as factories processing agricultural and food products
[163]. Furthermore, there is a growing demand for biogas
locally, especially in the palm oil sector, attributable to a
lucrative and robust downstream processes. Another bio-
product that have been extensively used in power plants and
as secondary raw materials for other industrial processes is
pellets obtained from OPT, EFB, MF and PKS. This is due
to their excellent burning properties as compared to coal. In
Malaysia, not fewer than 25 projects are operating sorely on
fuels from oil palm biomass [103].

Several bio-products from oil palm biomass have gained
recognition and acceptance in the international markets.
Popular among these is EFB pellets that have been fully
accepted in South Korea, Japan and China. Other bio-
products exported from Malaysia include bio-char, torre-
fied pellet and activated carbon. A major breakthrough in
the international market for pellets occurred in 2013, when
the Established Pellets Association of Malaysia success-
fully convinced the Korean government to amend their laws
(December 2013) to allow the importation of EFB pellets. In
January 2014, Detik Aturan, a home grown pellets producer
has been contracted by the Korean government to export
1.2 million tonnes of pellets/annum, following a Memoran-
dum of Understanding (MoU) signed between Detik Atu-
ran and Korean BC21 in 2013 [38]. In order to keep the
South Korean Renewable Portfolio Standard (RPS) mandate
running, about 5 million tonnes of EFB pellets have been
exported to South Korea yearly. In the same year, another
MoU was signed between Global Green Synergy Sdn Bhd
and Chinalight for off-take of pellet to China [38]. China in
their quest to replace 1% of their national coal consumption
with fuel pellets, would require up to 40 million tonnes of
pellets per year. Another international market for pellets is
Japan to cater for all their new Biomass Power Plants. For
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this, about 5 million tonnes/annum of pellets is required by
Japan to meet its mandate [38].

Utilization of bioethanol as fuel is a better alternative
to gasoline obtained from crude oil, principally because of
the former’s low emission rate. The technology of blending
bioethanol directly with petrol has gradually led to reduc-
tion in the over-dependence on ethyl tertiary butyl ether
(ETBE) as petrol additive to improve its anti-knock proper-
ties. The emergence of ‘Flexible Fuel Vehicles’ (FFVs) in
Europe, United States and Brazil, designed to run on both
conventional petrol and petrol blended with 20-86% bioetha-
nol [103], is another major advancement for the bioethanol
market, an area in which the Malaysian government should
consider exploring. Expansion of current infrastructures to
boost bioethanol production in Malaysia is required to tap
into such markets.

The Way Forward for Oil Palm Biomass
in Malaysia

“Zero Waste Initiatives”

Oil palm biomass is the most abundant agricultural biomass
in Malaysia that is yet to be fully harnessed. Advancement
of green technologies has promoted the conversion of cer-
tain percentage of oil palm biomass into useful industrial
feedstock as well as solid, liquid and gaseous bio-fuels,
bio-composites, bio-fertilizers, green chemicals, industrial
sugars and polymers. This achievement is anchored on the
policy of the Malaysian government to promoting green
technologies, which serves as a source of encouragement
to industry players and other stakeholders to participate in
the conversion of biomass to value-added products. Other
structures that have been put in place by the Malaysian gov-
ernment to enhance full utilization of oil palm biomass is
the introduction of new technologies and the relative ease
of accessing the market.

Despite all, implementation of these policies in the indus-
try is still at its nascent stage as the rate of oil palm biomass
conversion to value-added products remains rather low. The
obstacles responsible for low conversion of oil palm biomass
to desired end products include;

i. Low participation of Small and Medium-sized Enter-
prises (SMEs) in the utilization of oil palm biomass
to produce value added products.

ii. Low quality of the products (fibres, compost, fuel and
fuel products) from oil palm biomass which renders
them inferior, and can easily be displaced by other
substitute products, hence affecting its market value
and patronage.
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To effectively develop the Malaysian biomass industry,
it has become imperative to take a critical look at the gap in
the value chain. The following areas require close monitor-
ing for effective realization of the “zero waste initiative”.

a. Development of newer technologies and technical know-
how that will enhance production of high quality end
products from oil palm biomass. Having appropriate
green technologies in place, oil palm biomass can eas-
ily be converted into bio-energy (solid pallets, liquid
fuels and biogas), green chemicals (bio-polymers, oxo-
alcohols, lactic acids, etc.), bio-fertilizers (compost, soil
conditioner, soil stabilizer) and bio-composite (compos-
ite wood, engineering lumber, plywood, eco-products,
etc).

b. Infrastructures as well as seed funds should be put in
place to attract potential investors.

c. Bio-based products should be designed to meet the
requirement of the local and international standard; this
will place bio-products in the right position to compete
favorably with existing substitutes in the market, as well
as increasing its global acceptance.

d. Bio-products should be given good publicity, stressing
their numerous advantages over products from fossil
fuels, especially as bio-products are more environmen-
tally friendly and safer to handle.

Building Value Chain for Consumer Products Based
on Oil Palm Biomass

The value chain in the oil palm biomass industry consists
of the following components; its availability, transporta-
tion and logistics, technology and human capacity, relevant
policies and laws, investment and financing, marketing and
branding as well as easy access by local and export markets.
The major stakeholders include the private sector (biomass
owners) and the public administration (the government).
The biomass owners are saddled with the responsibility of
making the biomass available for downstream utilization.
To ensure availability of oil palm biomass, the current prac-
tice of returning some oil palm biomass, such as EFB, OPF
and MF to the plantations for the purpose of preserving and
enriching the soil nutrient can be replaced by utilizing bio-
products such as bio-fertilizer, bio-char, compost and boiler
ash. Substituting oil palm biomass by the above mentioned
bio-products will not only create local markets for the bio-
products but will ultimately make available more oil palm
biomass for downstream processing [174].

Another important role that the biomass owners have
to play in the value chain is the area of transportation
and logistics. To effectively handle this, pre-treatment
of oil palm biomass with high moisture content prone to
easy decomposition, becomes necessary. This should be

executed as soon as possible to stabilize and preserve the
value of such oil palm biomass before leaving the mills.
The recommended upstream pre-treatment include; dry-
ing, fiberizing, baling, pelleting and packaging, which
can be achieved using the excess energy generated in the
mills. The process will also facilitate the transportation of
oil palm biomass for further processing into value-added
products. It is worth mentioning here that the location of
the mills also plays a vital role in determining the cost
of the oil palm biomass. Moreover, mode of collection
as well as the available transportation facilities are also
factors that affect its cost. For instance, the cost of EFB
in Johor ranges from RM40 to RM400 per tonne, in line
with the factors mentioned above [174]. The variation in
the cost of oil palm biomass is further largely due to non-
existence of a universally accepted price for the biomass,
leaving the cost of selling/buying at the discretion of the
parties involved in the deal, a challenge that requires spe-
cific attention by the government.

Correspondingly, the government can play a major role
in the value chain by ensuring a suitable policy is in place
to facilitate smooth utilization of available oil palm bio-
mass, the conversion to value-added products and quality
monitoring of the products that reach the end users. While
there are existing policies targeted at addressing the issues
of demand and pricing of oil palm biomass, new policies
should be in place to promote maximum utilization of oil
palm biomass for manufacturing activities. The existing
policies include: Fifth Fuel Policy 2001, National Bio-
technology Policy 2005, National Biofuel Policy 2006,
National Green Technology Policy 2009, Energy Act 2011,
The National Biomass Strategy 2020 (NBS2020), Bio-
economy Transformation Programme and SME Master
Plan 2012-2020, to mention a few [38, 163, 174]. Their
implementation has resulted in substantial growth of oil
palm biomass utilization for electricity and thermal gen-
eration. This has been demonstrated by the fact that 76% of
the 60.84 MW of electricity by the National Grid in 2013
came from oil palm biomass [174]. Correspondingly, the
Malaysian government has put forward several incentives
for existing and prospective investors in the oil palm bio-
mass industry that include [38] but not limited to:

i. BioNexus Status Programme—providing 100%
income tax exemption for value-added biotechnology
activities.

ii. Investment Tax Allowance—allowing 100% income
tax exemption for 60% capital expenditure for bio-
mass—to—energy technologies.

iii. Pioneer Status—providing 100% statuary tax exemp-
tion policy for 10 years of value-added biomass utili-
zation.
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iv. Biotechnology Venture Fund—making available USD
100 million venture fund for biotech companies oper-
ating in Malaysia.

v. Green Lane Facility—providing 2% interest rebates
for approved loans [38].

The establishment of research institutions such as Malay-
sian Palm Oil Board (MPOB), Standard and Industrial
Research Institute of Malaysia (SIRIM) and Forest Research
Institute of Malaysia (FRIM) alongside five other research
universities funded by the Malaysian government has been
proven useful for advancing oil palm research and develop-
ment. These institutions are central for churning out new
innovations as well as providing the right technologies and
skills needed for growth of oil palm biomass industry in
Malaysia [174]. Research data pertaining to potentials of oil
palm biomass industry by these research and academic insti-
tutions should also be made available to stakeholders like
banks and decision makers in the financial sector, to dem-
onstrate the relevance of this biomass to produce engineer-
ing products, fine chemicals and eco-products [163, 174],
in addition to the existing products [38]. Financial support
should be made easier for Small and Medium Entrepreneurs
(SMEs) to kick-start businesses focusing on conditioning
and developing of oil palm biomass products. Essentially,
a government backed financial support would be the main
driver of innovations for the expansion and advancements
of oil palm biomass industry in Malaysia.

Consequently, to further expand the national oil palm
biomass industry, it is crucial that the government review
current economic structure and industrial policies. Current
exports of Malaysia to its top trading partners such as Sin-
gapore, the United States, Japan and China have, so far, been
highly concentrated on goods such as electrical and elec-
tronics, alongside machinery and furniture [175]. Malaysia
remains as a manufacturing hub for technologies and prod-
ucts for foreign companies and not producing technologies
or products of her own. Moreover, production and expor-
tation of the aforementioned goods require a lot of inter-
mediary inputs, and generates lower profit margins [176,
177] compared to what can be obtained from the oil palm
biomass industries. Therefore, the task of reforming cer-
tain parts of the labor, commodity and operational structure
may prove necessary for the re-direction or setting up new
manufacturing activities that focus on expansion and pro-
duction of bio-products from oil palm biomass, which may
potentially be a more lucrative form of industrial activity. It
is vital that the trade and industrial policies are synchronous
to entice potential investments into commercial production
of value-added products from oil palm biomass. Further-
more, an economic reform that encourages production of
bio-products from oil palm biomass would be more profit-
able over a long term, should most of the biomass processes
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be automated, starting from harvesting the biomass and all
the way to upstream and downstream processing activities.
Incentives such as tax reductions, interest rebates and take-
off-grants, should be offered to both national and foreign
companies that invest in high-end technologies capable of
converting oil palm biomass into advanced materials viz.
biopolymers and biosensors. With such matters in place, a
more conducive economic and manufacturing atmosphere
that facilitate expansion and production of oil palm biomass-
based products and technologies would be created.

Conclusion

Oil palm biomass is constantly generated in large quantities
in Malaysia because of the huge oil palm plantations. To a
minimal extent, biomass from the oil palm industry has been
converted into valued added products using thermochemical,
chemical, physical and biochemical conversion routes. How-
ever, a large percentage of such biomass as OPF and OPT
are still left in the plantations unharnessed. A pragmatic
approach to convert them to value added products will not
only lead to a cleaner environment but generate substantial
revenue to the Malaysian government, especially through
export to countries like China, Japan and South Korea where
the gradual shift from fossil fuel and chemical based energy
to bio-based ones is eminent. An extract from Malaysian
Biomass Industry Action Plan 2020 [174] estimated that the
bio-fuel demand from the above three nations would rise
to as much as 16 million tonnes by the year 2020, which
would generate about RM 4.8 billion annually for Malaysian
government. To achieve this, it has been suggested that in
addition to the existing technologies and government poli-
cies, newer technologies and policies could be formulated
and enacted to encourage private sector participation. It is
also suggested that more attention should be given to the
bio-products to present them in attractive form to the end
users, hence encouraging good patronage.
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