
THE INFLUENCE OF TEMPERATURE AND TYPES OF FILTER MEDIA ON THE 

PALM OIL MILL EFFLUENT (POME) TREATMENT USING THE HYBRID UP-

FLOW ANAEROBIC SLUDGE BLANKET (HUASB) REACTOR 

 

SINAN ABOOD HABEEB 

 

 

 

A Thesis submitted in 

Fulfilment of the requirement for the award of the 

Degree of Master of Environmental Engineering 

Faculty of Civil and Environmental Engineering 

Universiti Tun Hussein Onn Malaysia   

JUNE 2012 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



iii 

 

 بِسْــمِ اللَّهِ الرَّحْمَٰـنِ الرَّحِيـمِ 

تَقِيمْ ْصِراَطْ ْإِلَىْْرَبِّْْهَدَانِْْإِنَّنِْْقُلْ  ركِِيَْْمِنَْْكَانَْْوَمَاْۚ  ْحَنِيفًاْيمَْإِب  راَهِْْمِلَّةَْْقِيَمًاْدِينًاْمُس  ْال مُش 

ْۚ  ْلَهُْْشَريِكَْْلَْ(161ْ)ْال عَالَمِيَْْرَبِْْللَِّهِْْوَمََاَتِْْوَمََ يَايَْْوَنُسُكِيْصَلََتِْْإِنَّْْقُلْ (161ْ)

لِكَْ لِمِيَْْأَوَّلُْْوَأنَاَْأمُِر تُْْوَبِذىَ ءْ ْكُلِْْرَبْ ْوَهُوَْْرَبًّاْأبَ غِيْاللَّهِْْأغََي  رَْْقُلْ (161ْْ)ْال مُس  ْوَلَْْۚ  ْشَي 

سِبُْ هَاْإِلَّْْنَ ف سْ ْكُلْ ْتَك  رَىىْْوِز رَْْوَازرِةَْ ْتَزرُِْْوَلَْْۚ  ْعَلَي   ْبِاَْفَ يُ نَبِئُكُمْ ْمَر جِعُكُمْ ْربَِكُمْ ْإِلَىْْثَُّْۚ  ْأُخ 

(.161)ْتََ تَلِفُونَْْفِيهِْْكُن تُمْ    

161-161النعام,ْايةْ  

 

 

 

Say: "Verily, my Lord hath guided me to a way that is straight,- a religion of right,- the 

path (trod) by Abraham the true in Faith, and he (certainly) joined not gods with Allah." 

((161)). Say: "Truly, my prayer and my service of sacrifice, my life and my death, are (all) 

for Allah, the Cherisher of the Worlds: ((162)). No partner hath He: this am I 

commanded, and I am the first of those who bow to His will ((163)). Say: "Shall I seek for 

(my) Cherisher other than Allah, when He is the Cherisher of all things (that exist)? Every 

soul draws the meed of its acts on none but itself: no bearer of burdens can bear the 

burden of another. Your goal in the end is towards Allah. He will tell you the truth of the 

things wherein ye disputed." ((164)).  

The Holy Quran, chapter 6, verse 161-164. 
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ABSTRACT 

Anaerobic wastewater treatment has been introduced as a clean technology due to its 

efficient feasibility for the treatment of high strength wastewater.  It is now implemented 

in many tropical countries especially in Malaysia.  However, some operational 

parameters are still under research and required additional knowledge.  This research 

was thus conducted using the hybrid up-flow anaerobic sludge blanket (HUASB) reactor 

packed with oil palm shell (OPS) as filter material, for the biological treatment of palm 

oil mill effluent (POME).  This research aimed at investigating the effects of 

temperature, type of filter media and sludge bed development on the system treatment 

efficiency.  Long term operation (233 days) was conducted using three reactors operated 

at several temperatures (26-61°C) and organic loading rates (from 1.87 to 14.06 kg 

COD. m-3.day-1), in order to assess the optimal treatment conditions.  The feasibility of 

OPS was deeply investigated, where results showed favourable characteristics of OPS 

such as lightweight material (Specific gravity of 1.18), relatively high porous material 

(porosity of 26%), high specific surface area (0.205 m2.g-1), rough surface (according to 

the SEM examination) and very high organisms’ adherence of 26 to 34%.  The average 

removals of the parameters tested were: 80% COD, 65% total solids, 80% total 

suspended solids, 85% volatile suspended solids, 53% total nitrogen, 45% total 

phosphorus, 48% colour and 56% turbidity at specific conditions (temperature ranges 

37-58°C packed with OPS material).  The sludge bed development was also studied. 

According to the overall results obtained in this study, the operated system could reflect 

a feasible alternative system that can be successfully adapted by the palm oil plantations 

for cleaner environment and process. 
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ABSTRAK 

Rawatan anaerobik air sisa telah diperkenalkan sebagai teknologi bersih disebabkan oleh 

feasibiliti kecekapan nya untuk merawat air sisa kekuatan tinggi.  Buat masa sekarang ia 

dilaksanakan di negeri-negeri tropika terutamanya di Malaysia.  Walau bagaimanapun, 

beberapa parameter operasi masih dalam penyelidikan dan perlu pengetahun tambahan.  

Dalam kajian ini dijalankan dengan menggunakan reactor hibrid tujah aliran blanket slug 

(HUASB) yang dimasukkan bersama dengan temporung kepala sawit (OPS) sebagai 

material penapis, untuk rawatan biologi efluen kilang minyak kelapa sawit (POME). 

Kajian ini bertujuan menyiasat kesan suhu, jenis media penapis dan membangunkan 

lapisan slug pada kekecapan rawatan sistem.   Operasi jangka panjang (233 hari) telah 

dijalankan dengan menggunakan tiga reaktor yang beropersi pada beberapa suhu (26 – 

61oC) dan kadar beban organic (dari 1.87 hingga 14.06 kg COD.m-3.hari), supaya 

dikaitkan dengan keadaan rawatan optima.  Potensi OPS dikaji secara mendalam dimana 

keputusan menunjukan ciri-ciri yang menggalakkan terutama OPS sebagai bahan ringan 

(Graviti tentu 1.18), keliangan tinggi (keliangan 26%), keluasan permukaan tentu yang 

tinggi (301 m2.m-3), permukaan kasar (mengikut pemeriksaan SEM) dan kelekatan 

organisma yang tinggi 26 hingga 34%. Nilai purata penyingkiran parameter yang diuji 

iaitu COD: 80%, jumlah pepejal: 65%, jumlah pepejal terampai: 80%, pepejal terampai 

teruap: 85%, jumlah nitrogen: 53%, jumlah fosforus: 45%, warna: 48% dan kekeruhan 

pada keadaan tertentu (suhu antara 37-58°C dipenuhkan dengan bahan OPS): 56%. 

Pembentukan lapisan enapcemar juga dikaji.  Keputusan keseluruhan yang diperolehi 

dalam kajian ini, mendapati sistem yang diguna mudah dikendalikan serta efektif dari 

segi kos operasi dan boleh diaplikasikan diladang-ladang kelapa sawit kerana kobolehan 

kerja yang tinggi dan sesuai untuk persekitaran dan proses yang lebih bersih. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background on palm oil 

The oil palm, Elaeis guineensis, is indigenous to West Africa, with the first countries 

that started to plant the oil palm being Sierra Leone, Liberia, the Ivory Coast, Ghana, 

and Cameroon (Yusoff, 2006).  Palm oil cultivation has gained prominence due to the 

versatility of the crop.  Therefore, the cultivation of the crop has expanded beyond 

Africa to South East Asia, since the seeds were carried over to Indonesia in 1848.  The 

seeds reached Malaysia in 1871 (Basiron & Chan, 2004 ). 

The tropical ambiance and the rich soil contributed to the success of oil palm 

plantation in Malaysia.  In 1911 and 1912, Malaysia witnessed the first commercial oil 

palm plantation, the crop began to be regarded as an important economic asset (Tate, 

1996). The development of palm oil industry can be divided into three phases; the 

experimental phase (1895 to 1916), the plantation development phase (1917 to 1960) 

and the expansion phase that is currently in place.  Palm oil cultivation has been 

significantly advantageous to Malaysia.  It has contributed to the economy by being a 

successful export as well as means of livelihood for about 0.3 million families employed 

in various land schemes and palm oil lands (Abdeghameed, 2005). 

An important development in palm oil cultivation was the increase in planted 

areas.  In 1960, the total planted area was 54,638 hectares.  This has rapidly expanded in 
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