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��	����	�������!���� �	���!$	���	������ �	����	����	!�8&��	"������������� (55±1 �2	
������!�) ������������ (35±1 �2	������!�) ��!������������	�������0&��>���8��	� �����16�
��/�����������%������	8��?&	���	� 5 ��8� ��!������������� �8�����!"��%�	������9� 
0.5-5.0 ��.������/��.�./"�� 0�,���%��!��"�	��D���� 2-10 "�� ���� ��+��>�����!	 �������
����������� �8����%�	������9� 5.0-12.0 ��.������/��.�./"�� 0�,���!��"�	��D���� 0.9-2.0 
"�� ��+��>�����!	������������ �����%�	������9� 2.2-2.3  ��.������/��.�./"�� 0�,���!��"�	��D�
��� 2 "�� 8����	�������+��>�����!	���������  3����/��	������9��"���+���.	��� 2.5, 3.0 
��� 3.5 ��.������/��.�./"�� 8	���	��� ��!3"	���&��&����������� 0����%��&	������3.	�G��%!
����	6 9,284 ��./�. �	����%�8&������?&8����0�"�?, �$	�����!7������� ��%3"	���&��&���8����$9
������!����7���D��������������	6 18,000  ��./�. �?&��!��"�	�� 0�� 45 "�� ���	����%�8&�
������%�	������9� 0.2 ��.������/��.�./"�� $�������&	�7.��	"�38�"
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(8%�	�9�-�7�9�) 51.42-78.98, 45.28-84.19 ��� 26.98-72.29 8	���	���  �."���%+��>�����!	�����������
���������	
���	���	����������� 0�� ���������	!� �	�������D��"���! �G��%!�&�!�� 
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������������������	��������� �8��
�".	+��>�����!	��������������3"	���&��&������
���0!.	!�!7.��?." 216-598 ��./�. ������	��8�� �8.��%�	������9��"��������7�5 � 
�".	
3"	���&��&���������0!.	!��3.	�7�5 ���.	��� 227, 286 ��� 356 ��./�. ������	��8�� �."�
��8�	�	�H��8�K	�?�"�	
�������"���+��
�%��7�5 ���,%��	������9��������"��7�5 ��?.�
��� 3����/���8�	�	�H��8�K	�?�"�	
8.�����	8���+���.	��� 0.14, 0.15 ��� 0.20 �./�./"�� ��
�	�������%�	������9��"���.	��� 2.5, 3.0 ��� 3.5 ��.������/��.�./"�� 8	���	��� $	�H��	�
����
�".	 ������������	��������� �8��-�.�	�	�+�!��."����	���&	��������&	
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39��0&���	�!.�!��	!��&"��	�0&�������-�& �!.	-��D8	�������	�����������	��������� �8��
�	�	�+��	����������� 0��  ���������	!� �	 �������D��"���! �G��%!�&�!�� (8%�	�9�-�7�9�) 
75.10-77.84, 55.29-60.90 ��� 60.59-65.13 8	���	��� ��!��%�	������9��"���.	��� 3.50 ��./��.�./"��
(��!��"�	��D�����"� 2.8"��) ���������������	
��	����7�9� 3����/���8�	�."���	���+����
���+���%����.	��� 1 : 2.4 �����,%�����!����!����������	
���	���	����������� 0��������
��������	������� �8�����!" (���	�25�1	?."���) ���������� �8�� 
�".	��%�	������9�
��.	��� 3,� 3.5 ��.������/��.�./"�� ������	�����������	��������� �8�������������	
���	�
��	����������� 0��-�&�7�".	������������	������� �8�����!" ��+��>�����!	���������������
+��>�����!	����������G��%!�&�!�� 14 ��� 20 8	���	���
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ABSTRACT

  Palm Oil Mill is an essential point source of wastewater and bad odor emission.
The distinct characteristic of the palm oil mill effluent (POME) is its high organic content. The
objective of this study was to compare the removal efficiency of  organic compounds in POME at
thermophilic (55±1OC) and mesophilic (35±1OC) conditions by Anaerobic Sequencing Batch
Reactor (ASBR) at laboratory scale. Reactors had a cylindrical shape with a working volume of 5
liters. Each ASBR is operated individually at thermophilic and mesophilic temperature at organic
loadings from 0.5-5.0 kgCOD/m3.d at HRT of 10-2 days. Once the designed loading was reached, the
two ASBRrs were connected where thermophilic ASBR served as the front reactor. In the two-phase
system, the thermophilic reactor was operated at organic loading of 5.0-12.0 kgCOD/m3.d at HRT of
2.0-0.9 days, while the organic loading of the mesophilic ASBR varied between 2.2-2.3
kgCOD/m3.d  at a fixed HRT of 2 days throughout the study. The union of two reactors had the
equivalent organic loading of 2.5, 3.0 and 3.5 kgCOD/m3.d, respectively. The average COD
concentration of POME which was used as influent to the systems was 9,284 mg/L. Granular biomass
from an seafood treating UASB system was seeded to start-up both systems at a MLSS concentration
of 18,000 mg/L. It took approximately 45 days for the start-up before the systems entered steady
state condition at 0.2 kgCOD/m3.d.

From the lab result of one-phase ASBR, it was found that the thermophilic ASBR
had the removal efficiency of Total COD (TCOD), Soluble COD (SCOD) and suspended solids
(SS) in the ranges of 51.42-78.98%, 45.28-84.19% and 26.98-72.29%, respectively, whereas the
mesophilic ASBR had the removal efficiency of TCOD, SCOD and SS of 52.36-75.47%, 47.96-82.07%
and 35.30-71.59 %, respectively. Both systems at the organic loading of 1.0 kgCOD/m3.d (10 days HRT)
had the highest pollutant removal efficiencies. Biogas production increased with increasing organic
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loadings. The biogas productions were 0.06-0.18 L/L/d and 0.06-0.17 L/L/d for the thermophilic
and mesophilic ASBRs, respectively. Although both ASBRs had comparable performance, the
thermophilic ASBR showed slightly higher organic removal efficiencies than the mesophilic one
in treating POME at a statistical significance level α=0.05. In the two-phase ASBR system, it was
found that the thermophilic front ASBR had volatile fatty acids (VFA) concentration ranging from
216-598 mg/L as acetic acid. However, the average VFA concentration in the system increased from
227, 286 to 356 mg/L as acetic acid with the increasing OLR from 2.5, 3.0, to 3.5 kgCOD/m3.d, in
order. Similarly, the overall biogas production rates increased from 0.14, 0.15 and 0.20 L/L/d at the
increasing OLRs as mentioned. It appeared that operating the two-phase ASBR with these conditions
could not achieve the phase separation between the acidogenesis and methanogenesis. Due to
high alkalinity in the wastewater, acidogenesis could not take over in the thermophilic ASBR.
However, the overall removals of the two-phase ASBR were found in ranges of 75.10-77.84%
for TCOD, 55.29-60.90% for SCOD and 60.59-65.13% for SS. The highest removal of the
two-phase system occurred at OLR of 3.5 kgCOD/m3.d (HRT 2.8 days) and the first-to-second-stage
volume ratio of 1 to 2.4. When comparing the two-phase system to both one-phase systems
(in first part of the work), the results show that removal efficiency in terms of TCOD of the two-phase
system was higher at the OLR of 3.5 kgCOD/m3.d. The TCOD removal efficiency of the two-phase
ASBR was approximately 14 and 20% higher than one-phase thermophilic and mesophilic
ASBRs, respectively.
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