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This study has two major purposes i.e. first is to determine the effect of different 
aeration rates on the organic matter (OM) degradation during the active phase 
of oil palm empty fruit bunch (EFB)-rabbit manure co-composting process; and 
secondly is to propose a kinetic-dynamic modeling with mass and energy 
transfers for EFB-rabbit manure co-composting process. Four different aeration 
rates, 0.13 L min-1 kgDM-1, 0.26 L min-1 kgDM-1, 0.49 L min-1 kgDM-1 and 0.74 L min-

1 kgDM-1 were applied. 0.26 L min-1 kgDM-1 aeration rate performed better than 
other aeration rates which had 40.46 ± 0.52% of OM loss, highest C/N ratio 
reduction (49.57%), and the provided enough oxygen level i.e. higher than 10% 
for the rest of composting period. 0.49 L min-1 kgDM-1 and 0.74 L min-1 kgDM-1 
aeration rates show similar trend in oxygen concentration, temperature profile 
and OM loss, suggesting that application of higher aeration rate for this compost 
system was not necessary.  By taking into consideration of mass balance of water, 
gas balance and also energy balance, the thesis then proposes a dynamic 
mathematical model describing OM degradation, based on the ratio between 
OM content and initial OM content ( OM

if
) with correction functions for 

moisture content ( 1F ), free air space ( FASk ), oxygen (
2Ok ) and temperature ( ifT

) as follows: 
d OMOM

OM0d OM
m fi im kit nf ii

=− ⋅ ⋅
+

 

Model fitting were measured using relative root mean squared error (rRMSE) 
analysis and shows a good result with the accuracy of model used in this study 
is comparable with other model found in the literature. The result of sensitivity 
analysis shows that temperature and degradation of OM within composting 
system were more affected by insufficient oxygen supply due to the lower 
aeration rates than loss of heat by high energy transfer out from the system due 
to the higher aeration rates. 
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Kajian ini mempunyai dua tujuan utama iaitu pertamanya adalah untuk 
menentukan kesan kadar pengudaraan yang berbeza terhadap penguraian 
bahan organik (OM) ketika fasa aktif proses ko-kompos tandan buah sawit 
kosong (EFB)-najis arnab; dan keduanya adalah untuk mencadangkan satu 
model kinetik-dinamik beserta pemindahan jisim dan tenaga untuk proses ko-
kompos EFB-najis arnab. Empat kadar pengudaraan yang berbeza, 0.13 L min-1 
kgDM-1, 0.26 L min-1 kgDM-1, 0.49 L min-1 kgDM-1 dan 0.74 L min-1 kgDM-1 telah 
digunakan. Kadar pengudaraan pada 0.26 L min-1kgDM-1 lebih baik daripada 
kadar pengudaraan yang lain yang mana ia telah menunjukkan pengurangan 
OM sebanyak 40.46 ± 0.52%, pengurangan tertinggi bagi nisbah C/N (49.57%) 
dan telah memberikan tahap oksigen yang mencukupi iaitu lebih tinggi 
daripada 10% sepanjang tempoh pengkomposan. Kadar pengudaraan pada 0.49 
L min-1 kgDM-1 dan 0.74 L min-1 kgDM-1 yang mempunyai trend tahap oksigen, 
profil suhu dan pengurangan OM yang sama, menunjukkan bahawa 
pengaplikasian kadar pengudaraan lebih tinggi adalah tidak diperlukan. 
Dengan mengambil kira imbangan jisim air, imbangan gas dan juga imbangan 
tenaga, tesis ini kemudiannya mencadangkan satu model matematik dinamik 
bertujuan untuk menggambarkan proses penguraian OM, berdasarkan nisbah 
antara kandungan OM dan kandungan awal OM ( OM

if
) dengan fungsi 

pembetulan bagi kandungan lembapan ( 1F ) , ruang udara bebas ( FASk ), oksigen 

(
2Ok ) dan suhu ( ifT ) iaitu: 

d OMOM
OM0d OM

m fi im kit nf ii
=− ⋅ ⋅

+
 

Analisis ralat punca min kuasa dua secara relatif (rRMSE) menunjukkan 
keputusan yang baik bagi penentuan ketepatan model yang digunakan dan ia 
adalah setanding dengan model yang dijumpai di dalam literatur. Keputusan 
analisis kepekaan menunjukkan bahawa suhu dan kadar penguraian OM lebih 
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dipengaruhi oleh ketidakcukupan oksigen pada kadar pengudaraan yang 
rendah, berbanding kehilangan tenaga yang tinggi yang keluar dari sistem 
kompos pada kadar pengudaraan yang tinggi. 
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  i OM i (i=1: “easy”, i=2: “moderate”, i=3: 
“hard”) 

  j gas j (j =1: CO2,  j=2: O2,  j=3: N2) 
 n number of samples 

 
 
 
 
 
 
 
 

xx 
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Greek letter 
Symbol Unit Description 

bioH∆  kJ kg-1 enthalpy of biological reaction 

condH∆  kJ kg-1 enthalpy of water condensation 

vapH∆  kJ kg-1 enthalpy of water vaporization 

γ  dimensionless isentropic expansion coefficient 

ashρ  kg m-3 density of ash 

airρ  kg m-3 density of air 

wet
airρ  kg m-3 density of wet air 

DMρ  kg m-3 density of dry material 

2H Oρ  kg m-3 density of water 

2

p
H O
vaρ  kg m-3 density of water vapor 

humρ  kg m-3 density of humified material 

jρ  kg m-3 density of gas j 

OMi
ρ  kg m-3 density of OM i 

Ψ  dimensionless outflow coefficient factor 

xxi 
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CHAPTER 1 

INTRODUCTION 

1.1 Composting 

Composting is a controlled microbiological degradation process of organic 
matter that produces a stable material useful for plant and soil usage  (Kulcu & 
Yaldiz, 2004; Gomes & Pereira, 2008). The main products of this process are 
carbon dioxide, water and humified materials. Although composting is known 
since the beginning of human civilization, scientific research on its process was 
only happened less than 100 years ago (Haug, 1993). There are many parameters 
that affecting composting process. Among the parameters, aeration, moisture 
content and temperature are the major factors affecting composting process, 
since these parameters are interdependent on each other. Too high aeration rate 
will increase energy transfer, resulting in drop in temperature and moisture 
content, and when the aeration rate is too low, oxygen level will decrease which 
may lead to anaerobic condition, in addition of high moisture content. Although 
there are several studies conducted on the influences of aeration rate on organic 
matter degradation process (Kulcu & Yaldiz, 2004; Gao et al., 2010; Guo et al., 
2012), different raw materials with different composting systems resulting in 
different levels of sufficient aeration rate.  

 
Malaysia is the second world largest palm oil producer which has over 5.2 
million hectares of oil palm plantation as in 2013, expanded almost 10-fold from 
1960, as shown in Figure 1.1 above. Figure 1.2 shows fresh fruit bunch (FFB) 
processed by palm oil mills from 2007 to 2013 (Malaysian Palm Oil Board, 2014). 
On average almost 90 million tons of FFB were processed annually from 2007 
until 2013. This in turn resulting in large amount of oil palm waste produced, 
which accounted for 85% of total biomass produced in this country (Choong, 
2012). The solid waste from palm oil processing industry is mainly in the form 
of empty fruit bunch (EFB). Since each FFB contains 22% EFB (Sulaiman et. al., 
2011), a staggering 21 million tons of EFB was produced in 2013 alone and the 
trend is in increasing. 

 
Figure 1.1. Malaysian oil palm plantation area. 
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Figure 1.2. FFB processed by mills. 

 
In conjunction with the “green technology” approach, organic matter 
degradation EFB via composting treatment has been considered to be one of the 
options for overcoming this problem. Since EFB, like other lignocellulosic 
material, has high C/N ratio, typically it is co-composted with other low C/N 
ratio materials such as palm oil mill effluent (POME) or manure. Table 1.1 shows 
examples of EFB composting found in literature. 
 

Table 1.1. Composting of EFB in the literature 
Substrates References  

EFB + POME 

Schuchardt et al. (2002), Salètes et 
al. (2004), Baharuddin et al. (2010), 
Yahya et al. (2010), Razali et al. 
(2012) 

EFB + POME + wheat flour + fungal strains Kabbashi et al. ( 2007) 
EFB + POME + decanter cake slurry Yahya et al. (2010) 

EFB + decanter cake, 
EFB + chicken manure, 
EFB + decanter cake + red soil, 
EFB + chicken manure + red soil 

Kananam et al. (2011) 

EFB + POME + chicken dung + bioinoculant 
(Trichoderma virens) Dayana Amira et al. (2011) 

EFB + frond + poultry litter  Ahmad et al. (2013) 
 

1.2 Mathematical Modeling 

Modeling is a procedure and activity of describing the behavior of object of 
interest (Dym, 2004). It is used as a simplified representation to predict and to 
explain the behavior of object of interest or of a real world phenomena. For 
mathematical model, Dym (2004) described it as “a representation in mathematical 
terms of the behaviour of real devices and objects.”  

 

0
20,000,000
40,000,000
60,000,000
80,000,000

100,000,000

2007 2008 2009 2010 2011 2012 2013

FF
B

 ( 
'0

00
 k

g)

Year

2 

 



© C
OPYRIG

HT U
PM

Mathematical modeling has been implemented and developed to give more 
understanding about the composting process either purely theoretical (Kaiser, 
1996; Hamelers, 2005; Baptista et al., 2012) or validated with experimental works 
(Mason, 2007; Pommier et al., 2008; Lin et al., 2008; Zhang et al., 2012). However 
different composting processes involve different composting systems, substrates 
and microenvironments. The complexity of interaction among all these factors 
makes it difficult for researchers to develop a general model for composting 
process.  

1.2 Problem Statement 

Many studies regarding EFB organic matter degradation were done towards the 
nature of substrate parameters i.e. different substrates as co-substrate or 
different microbial systems as inoculum (Baharuddin et al., 2010; Yahya et al., 
2010) however little attention is given on the effect of environmental parameters 
such as aeration rate on the EFB composting process. 
 
Even though there are several models developed for lignocellulosic waste such 
as wheat straw-goat manure-pine cone co-composting process (Kulcu & Yaldiz, 
2007), mixture of apple, potato, rice, carrot, leaves, meat, sawdust, soy bean, soil, 
and coal ash (Lin et al., 2008), wheat straw with poultry manure (Petric & 
Selimbašić, 2008), or agricultural solid wastes with industrial wastewater 
(Vlyssides et al., 2009), there is no model proposed for EFB co-composting 
process. 

 
To fill the gaps mentioned above, a study on effect of aeration rates on EFB co-
composting process was conducted and a mathematical model for organic 
matter degradation of EFB co-composting process was proposed. The objectives 
of this study therefore are: 

1. To determine the effect of different aeration rates on the organic matter 
degradation during the active phase of EFB-rabbit manure co-
composting process.  

2. To propose a kinetic-dynamic modeling with mass and energy transfers 
for EFB-rabbit manure co-composting process. 

1.4 Scope of Study and Thesis Outline 

This study emphasized on the EFB co-composting process. Rabbit manure was 
used to adjust compost nutrient content (reducing C/N ratio). The experiments 
conducted were on laboratory-scale and focused more on the fundamental part 
of composting process itself, and did not involve in application of this study on 
a large, industrial scale.  

 
This thesis is organized into five chapters as shown in Figure 1.3. After 
introduction and objectives stated in Chapter 1, Chapter 2 deals with literature 
review that further explains about composting process and characteristics and 
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also some reviews on mathematical model on the composting process. Then 
Chapter 3 describes about physical model of EFB-rabbit manure co-composting 
process. Experimental data obtained then were used to estimate unknown 
parameters for mathematical model of EFB-rabbit manure co-composting 
process. The development of mathematical model of this co-composting process 
is discussed in details in Chapter 4. Conclusions and recommendations for 
further work are presented in Chapter 5. 

 

 
Figure 1.3. Thesis outline. 
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