Oil palm frond as a sustainable feedstock in a biorefinery to produce biochemical
product and biofuel
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Introduction and study objectives

Exponential growth of petroleum refineries over the past centuries undoubtedly bring forth the living quality of
the entire humanity. However, massive consumption on the depleting fossil fuels can never be the solution to cop
for the growing demands of energy and material in the near future. Not to mention the utilization of fossil fuels in
the conventional refineries is the main contributors to the environmental issues such as global warming and climate
change. The concept of biorefinery has been emerged as the potential alternative in order to diminish the
domination of fossil fuels. Biorefinery emphasizes on the conversion of lignocellulosic biomass, the renewable
resources into a wide variety of value-added bio-based products (Peleteiro et al., 2016).

In Malaysia, palm oil industry is an irreplaceable economic activity due to its high global demand in both
food and non-food industries. Oil palm plantation which supplies the feedstock is certainly generating large
quantities of raw biomass. Based on the latest information, a total land area of 5,811,145 hectares has been
preserved for oil palm plantation. The major oil palm biomass produced in the oil palm plantation include oil palm
fronds (OPF) and oil palm trunk. One hectare of oil palm planted area produces approximately 10 tonnes of OPF
and 7.70 tonnes of oil palm trunk. This implies the annual generation of OPF and oil palm trunk reaches as high
as 58.1 million tonnes and 44.7 million tonnes respectively. Even though OPF has been occupying the majority
among the oil palm biomass, it is merely utilized as mulch in the local plantation (Ong et al., 2019). Such
underutilization of OPF further drives the valorization of OPF into different chemicals and fuels. This review
highlights three crucial steps involve in the production of both chemicals and fuels using OPF as the lignocellulosic
biomass feedstock.

Results and conclusion

Lignocellulosic biomass is a well-known recalcitrant material due to the presence of lignin-carbohydrate complex.
Lignin serves as a protective barrier in this complex, inhibiting the effective hydrolysis of cellulose and
hemicellulose (Liu et al., 2017). Pretreatment known as delignification is required in order to disrupt lignin
structure, decrease cellulose crystallinity and increase surface area for all kind of biomass including the OPF.
Pretreated OPF offers higher accessibility and more susceptible for the enzymatic attack towards the cellulose
(Ong et al., 2019). Pretreatment of biomass can be classified into mechanical, chemical, physiochemical and
biological. Deep eutectic solvent (DES) can be designed accordingly and utilized as a potential green solvent for
the chemical pretreatment of OPF (Loow et al., 2017).

Hydrolysis of pretreated OPF is performed to breakdown the polysacharrides into their respective
monomeric sugars such as glucose and xylose. In recent years, enzymatic hydrolysis is mostly utilized for the
pretreated OPF due to relatively higher sugar yield, lower environmental impact and milder operating conditions
as compared to the acid hydrolysis. The extracted sugars will then be utilized in the subsequent step for production
of either chemicals or fuels.

Production of chemicals and fuels

Chemical modification is required for the production of bio-based chemicals such as furfural, 5-
hydroxymethylfurfural (5-HMF), levulinic acid and xylitol. Furanic derivatives such as furfural and 5-HMF are
regarded as the initial platform chemicals which can be further processed into a wide variety of value-added
products (Machado et al., 2016; Zuo et al., 2017). Furfural and 5-HMF are the dehydrated products of xylose
(pentose) and glucose (hexose) respectively. Levulinic acid is formed from the rehydration reaction of 5-HMF and
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is served as a potential precursor of biofuels. Xylitol is the hydrogenated product of xylose which is often used as
a sugar substitute.

Fermentation is performed for the production of bio-based fuels such as bioethanol, biobutanol and
biodiesel. Sugars obtained in the hydrolysis process are fed as the nutrient sources for the fermentation of
microorganisms. This process can be conducted via two different methods for bioethanol production, either
separate hydrolysis and fermentation (SHF) or simultaneous saccharification and fermentation (SSF). SSF process
combined the enzymatic hydrolysis and fermentation together in a single step. SSF process poses several
advantages over SHF process such as lower cost, lower energy consumption and shorter duration.
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