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ABSTRACT

Empty fruit bunch (EFB) is part of the waste produced in the manufacturing of
palm oil products. EFB is regarded to have the lowest economic value compared to
palm kernel shell (PKS) and mesocarp fibre (MF) as it contains high amount of
moisture. When dried to remove moisture, EFB quality and economic value can be
increased. However, there is a lack of study that predicts the Higher Heating Value
(HHV) of EFB based on the moisture content. This study aims to develop the
correlation between the moisture content to the HHV and revenue generated by selling
steam in order to clarify the problem. This study also aims to find the effects of storage
duration on quality of EFB. The samples collected were divided into two stages; Stage
1 to study effects of moisture content on HHV while Stage 2 to study the effects of
storage duration on moisture content and HHV. For Stage 2, 60g to 100g was taken
from each sample daily to measure the moisture content and HHV. The result of this
study is a linear correlation of the HHV and moisture content, y=-14.343x+17.601
with coefficient of determination, R? value of 0.9858. It indicates a good fit linear
regression. This correlation is useful in estimating the HHV of the EFB at known
moisture content and to calculate the amount of steam and revenue that can be
generated. The study of the storage duration effect shows the HHV increased when
EFB is stored during the 7-day period. A financial mechanism in terms of price
reduction was proposed based on the quality of EFB when used as fuel for boiler to
produce a one tonne of steam. The EFB quality was categorised as High if moisture
content less than 13 % and Low if the moisture content greater than 37 %. If the
moisture content in between is regarded as medium quality. The proposed financial
mechanism considered profit or losses and price reduction was suggested for lower
quality of EFB according to the loss incurred. This financial mechanism can also be
used in the related industry to standardise their EFB feedstock, predict the output of
steam and revenue generated from selling steam, and estimate the price of EFB per

tonne of steam according to the quality of EFB supplied.
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ABSTRAK

Tandan buah kosong (TBK) merupakan bahan sampingan yang terhasil
daripada proses pembuatan produk kelapa sawit. TBK dianggap mempunyai nilai
ekonomi yang paling rendah dibandingkan dengan tempurung kelapa sawit (TKS) dan
serat mesokarp sawit (SMS) kerana mempunyai kandungan lembapan yang tinggi.
Apabila dirawat untuk membuang kandungan lembapan, kualiti dan nilai ekonomi
TBK boleh ditingkatkan. Walaubagaimanapun, terdapat sedikit sahaja kajian yang
pernah dijalankan mengenai korelasi kandungan tenaga TBK berdasarkan kandungan
lembapan. Kajian ini dijalankan untuk membuat perhubungan antara kandungan
lembapan dengan kandungan tenaga dan jumlah stim yang dihasilkan. Kajian ini juga
dijalankan untuk memahami kesan tempoh simpanan jangka masa pendek terhadap
kualiti TBK. Sampel yang diambil telah dibahagi kepada dua bahagian; Bahagian 1
digunakan untuk mengkaji kesan kandungan lembapan terhadap kandungan tenaga
manakala Bahagian 2 digunakan untuk mengkaji kesan simpnana terhadap kandungan
lembapan dan kandungan tenaga. 60g hingga 100g diambil daripada sampel Bahagian
2 setiap untuk mengukur kandungan lembapan dan kandungan tenaga. Hasil kajian ini
mendapati korelasi antara kandungan tenaga dan kandungan lembapan TBK ialah
linear, y=-14.343x+17.601 dan nilai korelasi penentuan, R? ialah 0.9858. Korelasi ini
menunjukkan perkadaran langsung yang baik. Korelasi ini boleh digunakan untuk
menentukan kandungan tenaga TBK berdasarkan kandungan lembapan dan untuk
menganggarkan jumlah stim yang boleh dihasilkan. Kajian terhadap kesan tempoh
simpanan TBK mendapati kandungan tenaga TBK lebih tinggi jika disimpan dalam
jangka masa pendek. Satu mekanisma kewangan telah dicadangkan berdasarkan
kualiti TBK yang digunakan sebagai bahan bakar untuk dandang yang menghasilkan
1 tan stim. Kualiti TBK diklasifikasikan sebagai Tinggi jika kandungan lembapan
kurang daripada 13 % dan Rendah jika kandungan lembapan melebihi 37 %. Cadangan
mekanisma kewangan ini mengambil kira untung rugi dan pengurangan harga
dicadangkan untuk TBK kualiti rendah. Mekanisma kewangan ini boleh digunakan
dalam industri yang berkaitan untuk menyeragamkan kualiti TBK yang digunakan
selain menganggarkan pengeluaran stim dan keuntungan yang diperoleh daripada
penjualan stim. Mekanisma ini juga boleh digunakan untuk mengira harga TBK yang
perlu dibayar berdasarkan kualiti TBK.
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CHAPTER 1

INTRODUCTION

1.1 Background

Malaysia is one of the world’s biggest palm oil producers, only behind to
Indonesia. The export of palm oil has helped to change Malaysia’s economy and
agriculture landscape. In 2016, Malaysia produced 19 MT of crude palm oil while in
2017, the production increased by 8% to 20.5 MT (Malaysian Palm Qil Board, 2017).
In 2016, Malaysia’s palm oil production made up 29 % of world’s palm oil production
(Varga 2017). World palm oil production has grown rapidly in the global market
since the past four decades. On the global scale, the total palm oil production has more
than doubled in 1990 to 11 MT from 5 MT in 1980. By the turn of the century, the
production has significantly increased to 21.8 MT (Abdullah & Sulaiman, 2013).

Palm fruit is harvested from oil palm tree that produces two main products,
crude palm oil (CPO) and palm kernel oil (PKO) (Aziz, et al., 2014). These two
products are different in terms of the compositions of saturated and unsaturated fats.
In 2017, Malaysia produced more than 11 MT of CPO and 1.2 MT of PKO (Malaysian
Palm Oil Board, 2017).

On the other hand, palm oil biomass which contains lignocellulose includes
oil palm trunks (OPT), oil palm fronds (OPF), empty fruit bunch (EFB), palm pressed
fibres (PPF) and palm shells (Abdullah & Sulaiman, 2013). Statistically, the useful



products obtained from palm trees which consist of CPO and PKO, are made up of
only 10 % of the raw materials (Aziz et al., 2014). The rest of the biomass are not as
useful and previously often discarded as waste. The presence of these waste creates a
major disposal issue and pollution problems that all palm oil producers faced.

Palm oil manufacturing processes generate huge amount of solid waste and
wastewater that if released into the environment would cause major pollution issues.
The solid wastes are made up of EFB, mesocarp fruit fibres (MF) and palm kernel
shells (PKS) (Abdullah & Sulaiman, 2013). These solid wastes have a lot potential
to be utilised more efficiently in downstream processes. To combat the disposal and
pollution issues, the wastes are used in other applications such as fuel for energy
generation, development of bio-fuel and making of paper pulp. Another alternative
usage of these waste is to be used as source of renewable energy to reduce the

dependency on the fossil fuel.

EFB are lignocellulosic residues from palm oil trees which can be used in paper
making due to its high number of fibres per unit weight (Abdullah & Sulaiman, 2013).
EFB can also be made into medium density fibre-boards (MDF). However, these
options are currently not seen as potential profitable new products and most operators
of palm oil mills and cogeneration plants are more interested in using EFB as fuel
similar to PKS and MF. In Nigeria, EFB has also been transported back to plantations
to be used as mulching agent to enhance water retention and organic matter in the soil
(Salako et al., 2014). However, Salako et al., (2014) also stated that the economic
value of EFB for power generation is 3.5 times than mulching in plantations. In
Malaysia, most palm oil producers either used the solid waste to generate energy for
their own usage or sent to plants that use solid waste as fuel to produce their own final

products.

The energy demand in Malaysia has shown to be increasing steadily from 1980
until 2010. In 2020, the energy demand is expected to increase to 73.6 Mtoe (million
tonnes of oil equivalent) and is set to reach 100 Mtoe by 2030. Development of



renewable energy source in Malaysia is growing rapidly (Begum & M Saad, 2013).
As of 2009, renewable energy only made up 5.5 % of total energy supply according
to Shafie et al., (2011) and has increased to 22.5 % in 2017 (Bernama, 2017).

In order to increase the renewable energy production in Malaysia and to reduce
pollution from open burning, palm oil waste including EFB are used as fuel in many
plants in Malaysia. However, most palm oil producers and plant operators face the
issue of inconsistent quality of EFB which depends heavily on the moisture content.
EFB with high moisture content is not desirable as the moisture reduces the efficiency

of combustion significantly.

Besides that, most plants also do not have proper storage planning of the fuel
feedstock. The feedstocks are usually stored in a semi-enclosed building with roof
with one main entrance and one side entrance door for access of supply lorries and
machineries. The feedstocks storage typically does not have proper ventilation system
to assist in natural drying process. The different type of feedstocks are placed side by
side against the wall of the building and are often stacked up. Stacking up of the
feedstock may cause older feedstock or wet feedstock to be buried underneath newer
feedstock. This may prevent wet feedstock buried underneath from drying naturally.
The buried feedstock may also be stored for a longer period than supposed to due to
the arrangement of the feedstock that did not follow the first in, first out rule. The first
in, first out procedure would ensure older feedstock are used up before using the
newer supply. The rule would also ensure the feedstock are dried to low enough level

of moisture to improve the HHV value.



1.2 Problem Statement

EFB is a biodegradable, non-hazardous material that is considered as waste
after oil palm fruits extraction. It is produced during threshing of fresh fruit bunch
(FFB) to remove palm fruit from FFB (Aziz et al., 2014). PKS and MF are widely
used in the development of renewable and green energy sources due to their superior
economic value. Their economic values are higher due to lower moisture content

which naturally provide higher sensible energy when combusted.

Thermal and electrical energy in palm oil mills are usually generated using
power generators that incorporates steam boilers. EFB, naturally, has very high
moisture content and regarded to have the lowest economic value compared to PKS
and MF. The moisture content of EFB is usually between 50 wt% to 60 wt% and can
be up to 70 wt% (Ho et al.,2013). When used as fuel, a high fraction of the energy
will be used to heat up moisture embedded within the EFB. As a result of this, the
sensible energy of the biomass is reduced significantly. This is due to the high latent

heat of vaporisation of water.

Raw EFB may be left out in storage spaces for a few days as palm oil mills does
not usually receive consistent supply on daily basis. Palm oil mills may receive high
amount of EFB on one day and may not receive any new feedstock the next day. Palm
oil mills also typically receive EFB supply from different suppliers. This causes
inconsistent quality of EFB being fed into the boilers which may result in inconsistent
amount and quality of final products. This problem is become worse if there is no

proper storage planning and ventilation.

While the moisture content is expected to decrease during storage, the quality
in terms of HHV may increase for the first few days and drop thereafter. The
improvement in quality may be primarily due to the loss of moisture. However, fungi

and bacteria are naturally present within EFB and thrive with the presence of moisture



and air which could decrease the carbon content of EFB. The decrease in carbon could

result in the decrease of HHV.

1.3 Objectives

From the problem statements above, the objectives of the research are defined

as follows:

1. To correlate the moisture content of EFB and its energy content
2. To study the effects of storage duration on the energy content
3. To propose a financial mechanism based on the EFB quality

1.4 Research Scope

The EFB samples was collected from storage of Bio-Xcell Sdn. Bhd. and
the experiment were carried out at Laboratory, UTM. The moisture content of EFB
was determined by using oven drying method in air at 105 °C where most of the sample
were partially dried and the rest are dried until a constant weight is obtained for
completely dried sample. Combustion in bomb calorimeter method was carried out to
measure the calorific value of EFB. The correlation for HHV and moisture content

was deduced using curve-fitting regression method.

The second objective focussed on the effect of short-term storage duration of
EFB. The effects were determined by examining the heating value under two storage

conditions, indoor and outdoor storage. The experiment was conducted for seven (7)



days with one-day intervals. The correlation for HHV and moisture content were also

deduced using curve-fitting regression method.

The financial mechanism was proposed as operating procedure for plants or
palm oil mills that use EFB as fuel. The mechanism includes the expected profit or
loss when selling steam as product at different quality of EFB. The quality of EFB is
divided into high, medium and low based on the projected revenue. Lower quality EFB
may significantly reduce the profit and thus a penalty can be imposed on suppliers that

supply low quality EFB.
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