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Oil extraction rate (OER) is one of the key factor in evaluating the performance
and efficiency of the palm oil mill by comparing the ratio of oil palm produced per
day with the total fresh fruit bunches (FFB) processed per day. Under Palm Qil
National Key Economic Area, Malaysia is expected to achieve OER value up to
23% in the year 2020. One of the strategies to achieve this goal is to study the
potential of recovering the residual oil from oil palm biomass which is oil palm
empty fruit bunches (OPEFB). Hence, this study is aimed to develop a baseline
study of the characterisation and localisation of the residual oil on the fiber and
also to investigate the effects of the hydrothermal method on the yield and quality
of the oil as well as structures of the fibers. A new method called High Pressure
Water Spray System (HPWSS) was introduced and performed by spraying
pressurized water (500 psi) at 30°C, 60°C, and 90°C and combination of water-
steam at 120°C and 150°C onto the surface of the OPEFB. Soxhlet extraction and
palm oil tester were used to recover the residual oil on the different parts of fiber
(spikelet, stalk and press-shredded) and to determine the qualities of the residual
oil. The baselines studies show that the highest residual oil found was on the
spikelet (7.39+3.45%) followed by press-shredded OPEFB (3.61+0.34%) and
lastly stalk fiber (2.04+2.31%). This result was in agreement with the Sudan dye
analyses. The initial residual oil of OPEFB contains a higher amount of valuable
carotenes (409.02 ppm), comparable values of Deterioration of Bleach ability
Index (DOBI) (2.42), Peroxide Value (PV) (1.84 meqg/kg), and fatty acid
compositions in comparison to the raw crude palm oil (CPO) from the mill. The
experimental results of HPWSS indicated that, the highest oil yield was achieved at
150°C (94.41+0.02%) followed by 120°C (86.14+0.03%), 90°C (80.54+0.02%),
60°C (70.37+£0.21%) and 30°C (63.24+0.58%), respectively. The residual oil
exhibit better quality of Free Fatty Acid (FFA) (6.21+£0.35%), DOBI (2.42+0.23),
PV (4.891£0.27meq/kg), phosphorus content (6.87+0.71 ppm) and iron content
(3.43£0.35 ppm) at 30°C compared to 150°C where the values of FFA, DOBI, PV,
phosphorus, and iron content were (7.79+0.77%), (1.63+0.38), (5.85+0.60
meg/kg), (11.70+0.61 ppm), and (7.17+0.15 ppm), respectively. From the gas
chromatography-flame ion detector (GC-FID) analyses, similar fatty acid
composition of the residual oil at each treatment temperature was observed. This
result was in agreement with the spectroscopy graph obtained from Fourier
transform infrared (FTIR). Lignocellulosic content analyses revealed some



increment of cellulose content in the OPEFB (39.1%) while major decrement of
hemicellulose content (19.80%) and lignin content (22.43%) was discovered after
HPWSS treatment at 150°C. Scanning electron microscopy (SEM) and nitrogen
adsorption analysis (BET) analyses showed smoother surface, higher surface areas,
higher total pore volume and lower pores diameter as the temperature of HPWSS
increased. Based on the results obtained, the residual oil was considered as low
quality oil and cannot be consumed as edible oil. Nevertheless, this residual oil
still can be used for non-edible applications such as soap, cosmetics, bio-lubricant
and bio-diesel. The residual OPEFB fiber can be used as a feedstock for bio-
conversion applications. Therefore, the HPWSS is a promising technique believed
to be useful for the removal of residual oil from OPEFB.
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Kadar perahan minyak (OER) adalah salah satu kunci dalam menentukan prestasi
dan kecekapan kilang kelapa sawit dengan membandingkan nisbah minyak kelapa
sawit yang terhasil dengan jumlah tandan kelapa sawit segar yang diproses untuk
sehari. Dibawah Bidang Ekonomi Minyak Kelapa Sawit Utama Negara, Malaysia
dijangka akan mencapai nilai OER sehingga 23% dalam tahun 2020. Salah satu
strategi untuk mencapai sasaran ini adalah kajian tentang potensi mendapatkan
semula sisa minyak dari sisa kelapa sawit iaitu tandan kosong kelapa sawit. Oleh
itu, kajian ini bertujuan untuk membangunkan kajian dasar tentang pencirian dan
penyetempatan lebihan minyak pada serat dan juga menyiasat kesan kaedah
hidroterma pada hasil dan kualiti minyak serta struktur tandan kosong kelapa
sawit. Kaedah baru yang dipanggil sistem tekanan tinggi sembur air (HPWSS)
telah diperkenalkan dengan menyembur permukaan tandan kosong kelapa sawit
pada tekanan tinggi (500 psi) di suhu 30°C, 60°C, dan 90°C dan kombinasi air-stim
(500 psi pada 120°C dan 150°C). Pengekstrakan soxhlet dan penguji minyak sawit
telah digunakan untuk mendapatkan sisa minyak pada bahagian-bahagian serat
(spikelet, empulur dan tekan-dicincang) dan untuk menentukan kualiti sisa minyak.
Kajian dasar menunjukkan sisa minyak yang tertinggi telah dijumpai pada serat
spikelet (7.39+3.45%) diikuti serat tekan-dicincang tandan kosong kelapa sawit
(3.61+0.34%) dan akhir sekali serat empulur (2.04+2.31%). Keputusan ini adalah
dalam persetujuan dengan analisis pewarna sudan. Sisa minyak tandan kosong
kelapa sawit yang awal mengandungi kandungan karotena bernilai yang tinggi
(409.02 ppm), nilai kemerosotan keupayaan peluntur indeks (DOBI) (2.42), nilai
peroksida (PV) (1.84 meqg/kg) dan, kandungan asid lemak yang setara dalam
perbandingan dengan minyak kelapa sawit mentah dari kilang. Hasil uji Kaji
HPWSS menunjukkan kandungan hasil minyak yang tertinggi telah dicapai di suhu
150°C (94.41+0.02%) diikuti 120°C (86.14+0.03%), 90°C (80.54+0.02%), 60°C
(70.37+0.21%) dan 30°C (63.24+0.58%), masing-masing. Sisa minyak
mempamerkan kualiti asid lemak bebas (FFA) (6.21+0.35%), DOBI (2.42+0.23),
PV (4.89+0.27 meq/kg), fosforus (6.87+0.71 ppm) dan besi (3.43+0.35 ppm) yang
lebih baik di suhu 30°C berbanding dengan suhu 150°C dimana nilai FFA, DOBI,
PV, kandungan fosforus, dan kandungan besi ialah (7.79+0.77%), (1.63+0.38),
(5.85+£0.60 meqg/kg), (11.70+0.61 ppm), dan (7.17+0.15 ppm), masing-masing.
Dari analisis gas kromatografi-api pengesan ion (GC-FID), diperhatikan
kandungan lemak asid sisa minyak dari setiap rawatan suhu adalah sama.



Keputusan ini adalah dalam persetujuan dengan spektroskopi graf diperoleh dari
fourier mengubah inframerah (FTIR). Analisis kandungan lignoselulosa
mendedahkan beberapa kenaikan kandungan selulosa di dalam OPEFB (39.1%)
sementara susutan utama kandungan hemisellulosa(19.80%) dan kandungan lignin
(22.43%) telah ditemui selepas rawatan HPWSS di suhu 150°C. Analisis
pengimbasan elektron mikroskopi (SEM) dan penyerapan nitrogen (BET)
menunjukkan permukaan yang lebih licin, kawasan permukaan yang lebih tinggi,
jumlah isi padu liang yang lebih tinggi, dan liang diameter yang lebih rendah
apabila suhu HPWSS meningkat. Berdasarkan keputusan yang diperoleh, sisa
minyak dianggap sebagai minyak berkualiti rendah dan tidak boleh digunakan
sebagai minyak yang boleh dimakan. Walau bagaimanapun, sisa minyak ini masih
boleh digunakan untuk kegunaan yang tidak boleh dimakan seperti sabun,
kosmetik, bio-pelincir, dan bio-diesel. Sisa tandan kosong kelapa sawit boleh
digunakan sebagai bahan mentah untuk kegunaan bio-pertukaran. Kesimpulanny,
HPWSS menjanjikan teknik yang dipercayai berguna untuk penyingkiran sisa
minyak daripada OPEFB.
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CHAPTER 1
INTRODUCTION
1.1. Overview of the Study

Malaysia, as one of the biggest exporters of palm oil, contributes about 51% of the
world’s edible crude palm oil and accounts for 62% of world exports. In the
processing of palm oil, there are two types of products: crude palm oil (CPO) and
palm kernel oil (PKO). However, the major problem with this process is the
abundance of wastes produced in the form of oil palm empty fruit bunches
(OPEFB), mesocarp fiber (MS), decanter cake (DC), and palm oil mill effluent
(POME) solids (Baharuddin et al., 2009; Sulaiman et al., 2009; Baharuddin et al.,
2010; Baharuddin et al., 2011). From this biomass, the mill generates about 1.5
tons of OPEFB per hectare of oil palm annually (Abd Majid et al., 2012). The
OPEFB is generated after the stripping process, in which the sterilized fruits are
separated from the bunch stalks. As the major waste of oil palm industry, OPEFB
is currently being applied as a wood composite, fiberboard, soil mulching material
in the oil palm estate, and as a composting material (Baharuddin et al., 2009;
Ibrahim et al., 2009; Kheong et al., 2010). OPEFB is made up of two component
parts, which are present in the proportions of 20 to 25% of stalk and 75 to 80% of
spikelet (Han and May, 2012). Each of these components can be regarded as
lignocellulosic biomass, which is composed of lignin, hemicellulose, and cellulose
(Siti Aisyah et al., 2014). During processing, the amount of oil transferred to the
OPEFB should be kept to a minimum and also the amount of remaining oil should
contain no significant quantity towards the total extracted oil. However, a study
conducted by Ngan, (2005) shows that OPEFB does contain a significant amount
of oil. Total oil (residual oil) ranged from 0.28 to 1.38% with a mean of 0.75%
relative to dry OPEFB. The presence of residual oil on the surface of OPEFB is a
result of the stripping and threshing process in the mill where prolonged
sterilization and also a lengthy delay between sterilizing and stripping increased
the contact time between oil and fiber. According to Abd Majid et al, (2012), the
amount of oil entrapped on the fiber depends on the consequence of sterilization of
the fruit.

To date, there has been very little research conducted on the removal of residual oil
from OPEFB. Detailed study on the exact location of residual oil entrapped is not
available in the literature, either on the spikelet or stalk of OPEFB. The oil retained
on the OPEFB, which translates as oil losses, has a negative impact on the total
OER of palm oil mill industry. The loss of oils from OPEFB is a course of concern
for the palm oil industry, as it reflected the overall efficiency of the mill (Sahad et
al., 2014). It is believed that the amount of residual oil that could be recovered
from the OPEFB could potentially increase the oil extraction rate (OER).
Therefore, aimed of this study is to determine the physicochemical characteristics
of residual oil and OPEFB fiber for baseline study. Then, a new technology known
as high pressure water spray system (HPWSS) will be introduced to remove the
residual oil from OPEFB. The evaluation on the effect of HPWSS on the oil yield
and physicochemical characteristics of residual oil and OPEFB fiber will be
conducted.



1.2. Problem statement

Oil palm empty fruit bunches (OPEFB) is one of the factors that contribute to the
oil losses in the mill (Othman and Ng, 2003). OPEFB is made up of lignocellulosic
components, such as cellulose, hemicellulose and lignin. This lignocellulosic
material has the tendency to adsorb certain amount of oil and therefore reduces the
amount of “free” oil produced. According to Ngan, (2005), the remaining oil left in
OPEFB is approximately about 8%. The efficiency of crude palm oil extraction is
depending on the minimal oil losses during the mill process. Most of the identified
source of oil losses in the mill are biomass such as; sterilizer condensate, oil palm
empty fruit bunches (OPEFB), mesocarp fiber, nuts, palm oil mill effluent
(POME), and spillage in the mill (Menon, 2011). The mills are unable to extract
most of the CPO due to the oil losses which leads to the low oil extraction rate
(OER).Current oil losses in the OPEFB were poorly recovered and less
documented. The oil loss from OPEFB resulted in the reduction of OER in the
most oil palm mill. Many scientific reports have been produced concerning the oil
contents within the wastes. However limited attempt has been made to recover the
oil using green and environmental friendly methods as well as the information on
exact localization of remaining residual oil attached on the OPEFB. The current
technology applied to recover the remaining oil from OPEFB is using pressing and
shredding processes. The OPEFB is transported into the pressing machine, where
it is screw pressed, and then shredded for easier handling. The product generated
from this process is known as press-shredded OPEFB (Jorgensen, 1985). However,
this technology is not efficiently removing the residual oil from OPEFB. From that
point, this study propose a new and appropriate technique to enhance the oil
removal yield from the OPEFB wastes using the available resources in the mill
area with green technology feature and simultaneously achieving the zero waste
strategy.

1.3. Objectives

The objectives are:
i) To evaluate the characteristic of the fibers, the initial residual oil, and the
localization of residual oil of the oil palm empty fruit bunches (OPEFB).
ii) To investigate the effect of high pressure water spray system (HPWSS) on
the vyield and the quality of oil, and the physicochemical characteristics
of the fiber components (OPEFB).

1.4. Scope of the Study

This study was principally concerned on the strategy to remove the remaining
residual oil from OPEFB with high quality and yield of residual oil which leads to
the production of clean biomass of OPEFB. This study proposed a new alternative
technique which is green, solvent free, and using available facilities on site at the
oil palm mill. This study focuses on the investigations of residual oil localization
on the OPEFB, the fiber characterization, and the physicochemical characteristics
of residual oil. After determination of potential fiber and residual oil from OPEFB,
a new technique which is known as high pressure water spray system (HPWSS) for



oil removal was performed and the effect of the process was evaluated on the yield
and the quality of the oil recovered as well as the physicochemical characteristics
of OPEFB fiber. This study aimed to remove the residual oil for edible (high grade
CPO) applications or non-edible (low grade CPO) applications such as soaps,
resins, candle glycerol, fatty acids, inks, polishing liquids and cosmetics and also to
serve the clean OPEFB as a raw material into other valuable product such as bio-
sugar and bio-plastic.

1.5. Significance of the Study

This study is proposing a new technique to remove the residual oil entrapped on
the surface of the OPEFB. Currently, the most common technique available for oil
recovery from OPEFB is using pressed and shredded machine. Based on analysis
conducted at the site visit in the palm oil mill utilizing the current method (press-
shredded), most of the residual oil located on the surface was transferred into the
inner stalk of OPEFB resulted to the loss of oil recovery. However, the proposed
technique of this study focused on the removal of the residual oil located on the
surface of OPEFB without disrupting other parts of OPEFB. The recovered oil
from the OPEFB could either be used to increase the oil extraction rate (OER) of
the oil palm mill or as non-edible applications. This process could also increase the
market value of OPEFB by the production of clean biomass which might be
potential for further applications.
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