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ABSTRACT

Palm oil mill effluent (POME) has been identified as one of the major sources of aquatic
pollution in Malaysia. due to its high strength and economic importance. With more than 330 palm
oil mills in operation, Malaysia produces some 10.6 million tonnes of crude palm oil annually,
accounting for 52% of the total world production, and concomitantly generates some 27 x 106 m3

POME. To meet with the regulatory requirement, more than 85% of the mills use solely lagoon
systems in wastewater treatment, typically anaerobic first stage followed by facultative treatment.
Research data associated with this study revealed that methane yield ranging from 0.47 to 0.92
m3kg-1-BODadded was attainable in the biomethanation of POME for reaction temperature of between
35 to 55�C. Considering the associated socio-environmental impact, an analysis of the research
data indicates that about 375 x 106 m3, or 225 Gg of CH4 is evolved from open ponding systems used
in POME treatment, accounting for 10% of the CH4 inventory in Malaysia. In terms of greenhouse
gas effect, this source amounts to 5,170 Gg in CO2 equivalent, or 3.6% of the estimated total emissions
in Malaysia. As methane can be harnessed for the generation of either thermal or electric energy, an
economic assessment based on a life-cycle cost-benefit model as elucidated in this study shows that
an annual return on investment of 31 to 58%, or payback period of 2.5 to 1.5 years, is possible in
resource recovery systems utilising methane for heat generation and land application of digester
effluent. The corresponding figures for electricity generation systems are 1.8 to 6.4% and 9.6 to 6.7
years. In the latter case, the palm oil industry as a whole would be in a position to potentially
contribute 2,250 x 106 kWh annually, equivalent to about 4% of the national electricity demand.
This compares favourably with the Malaysian Government policy to achieve 5% of the total electricity
generation by 2005 from renewable bioenergy sources. In terms of thermal energy generation, the
potential would be equivalent to 715 x 106 litres, worth some USD 120 million according to the
prevailing price. Bioenergy recovery from the treatment of POME therefore not only contributes
towards the sustainable growth of the palm oil industry, but also assists Malaysia in achieving its
sustainable development objectives in connection with the United Nations Framework Convention
on Climate Change.

1. INTRODUCTION

The palm oil industry has been expanding rapidly in the last three decades in Malaysia, with
the planted area increasing by more than 11 fold from 291,000 ha in 1970 to 3,313,000 ha in 1999 [1].
Concomitantly, the number of palm oil mills has also grown from 122 in 1977 to 334 in 1999, having a
total processing capacity of 69 million tonnes fresh fruit bunches (FFB) per year. Currently, Malaysia
produces about 57 million tonnes of FFB annually, from which 10.6 million tonnes of crude palm oil and

www.serd.ait.ac.th/reric



���������	��
�����
�� �	����
���	
�� ����	�� �������� ��� ����� �������@

�����������������������	�����
��������	
���%�
	������*���BBB �"	�	���	��%��
����1�B��������������������	��
��� �	��������

������
	�����	�������	
������
�����
�����	����������������
�� �	������������
�2�3�������
���	����
����
��������������������
��������������
�����������������
�	������������	�������������
����
�������
	���������
�	�����������������"	�	���	�

�����
����������%�
	��������
�������==A�
�-��
��������������	����������	��
 ��	�������

���
�������������
�����	�����
�������	
����	���� �
���������������������	
������	
������2������������������

����������
���������
��������K�L�����������BBB �	����	�����	
�����@�2�������������������������	������
	���
�
�������"	�	���	���	�������������
���=
�����	�������������������� ��
�$)"6�	�������������	
�������� ���
	��	������

��������������	���������������	
	���
�����
��������������������
�	�����	��������� �	�����
�����	
����	��	������
	��
�����1E�BE°,�4�	
����5��*���	��
���������	������	��$)"6�����
�
��������	
���
�E3�����������	��
��������	���%��������	���4A)'5���	���%�
�����������"	�	���	��	-�	��������
������
K�L��+��������������	&�
����
���������������� �$)"6��	��	�����������
����	�������������
�������������
��
���	����
������
�����	
�����	��������������
����	��
�������	
�����	��	
�����

�����������
���

-	 �����������������������
������

-	� �)%������$&

*��������������������
�	������
���������$)"6 �����	��
����
������������	����
�����	����
�	�����
��������	����	��
�������	�	�
�
���������������������
������������+�	�
�
����������������	���
�	����

�������	���
�	������������������������������	���	��	��������
�����
����*�������
������ �������
 ����
�	&�
��� ���	�������
����	��123 ���������	���������������������������������������������������
������	���	�
	������
	�����������K@L������������������	
������	�������������	��	����� �	������������	������	����
���

�����
�����	���	�������
�����������	
��K<L����������
��	��������������
������
	������
���������	�����
����	��	���������	�����
�	������������������
�����	�����������������	��������	����
����������������	
��

�-��
��������)����	������������	���
���
������������	������
	����������������	���	�	�
�
���
��
�	���
�
�-������������
���	��
�����
����������KC��EL�

�	
�����,�	
	���
����������
	��$)"6����	�������
����	��
�������	
���������

Parameter Value(2)
 Regulatory discharge limit(3)

 
Temperature (°C) 80-90 45 

pH 4.7 5.0 - 9.0 
Biochemical oxygen demand 

(BOD3, 3 days at 30°C(4)) 
25,000 100 (50)(5) 

Chemical oxygen demand (COD) 50,000 - 
Total solids (TS) 40,000 - 

Total suspended solids (TSS) 18,000 400 
Total volatile solids (TVS) 34,000 - 

Oil and grease (O&G) 4,000 50 
Ammonia-nitrogen (NH3-N) 35 150(6) 

Total Kjeldahl nigrogen (TKN) 750 200(6) 
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Reaction temperature 
(°C) 

Biogas yield 
(m3kg-1-BODadded) 

Mean CH4 content 
(%) 

CH4 yield 
(m3kg-1-BODadded) 

35 0.78 60 0.47 
45 0.92 65 0.60 
50 0.99 65 0.65 
55 1.41 65 0.92 
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DESIGN BASIS 
Mill capacity (t-FFB h-1) 
Wastewater load (m3d-1) 
Influent BOD (mgL-1) 
Maximum digester effluent BOD (mgL-1) 

 
45 

240 – 450 
25,000 
5,000 

OPERATING PARAMETERS    
Digestion temperature (°C) 45 50 55 
Minimum retention time (d)(1) 10.9 9.2 7.0 
Minimum effective reactor 
volume(1) (m3) 

4,950 4,150 3,200 

Hydraulic retention time (d) 20.6 – 11.0 17.3– 9.2 13.3 – 7.1 
Expected digester effluent BOD 
(mgL-1) 

1,230 – 4,890 2,500 - 5,000 2,320 – 4,910 

BOD loading rate (kgm-3d-1) 1.21 – 2.27 1.45 – 2.71 1.88 – 3.52 
Biogas production rate (m3m-3d-1) 1.11 – 2.09 1.44 – 2.68 2.65 – 4.96 
Annual biogas production (m3) 2.56 x 106 2.77 x 106 3.94 x 106 
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Energy requiremen(1) 
Operation 

Labour 
requirement Equipment Power 

Wastewater treatment 1 operator Gas recirculation, pumps 30 kW 
Biogas storage 1 operator Compressors 20 kW 

Electricity generation 
1 engineer, 

2 technicians 
- - 

Land application 2 operators Pumps 25 kW 
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Reactor temperature (°C) 45 50 55 
Capital cost, Cf = Creactor + Cbiogas + Cland 609,050 579,890 591,840 
Anaerobic reactor system, Creactor (Eq. 6) 348,960 308,450 257,130 
Biogas storage system, Cbiogas (Eq. 7) 138,420 149,770 213,040 
Land application system, Cland 121,670 121,670 121,670 
Annual capital charges(2), Cfc

 (Eq. 8) 52,620 50,100 51,130 
Annual operating and maintenance cost, 
  Co = i + ii + iii + Cd 

95,950 93,130 94,290 

Anaerobic treatment (i) 23,420 22,200 20,660 
Biogas handling (ii) 14,100 14,440 16,340 
Land application (iii) 17,830 17,830 17,830 
Equipment depreciation, Cd (Eq. 9) 40,600 38,660 39,460 
Annual operating revenue, Ro = A + B + C 335,880 359,090 488,400 
Biogas utilisation (A) 282,950 306,160 435,470 
Fertiliser saving (B) 34,490 34,490 34,490 
Increased FFB yield (C) 18,440 18,440 18,440 
Annual cost-benefit, Cba = Ro – Co - Cfc (Eq. 3) 187,310 215,860 342,980 
Annual return on investment, 
  Roi = (Cba/Cf) x 100 (Eq. 4) (%) 

30.8 37.2 58.0 

Payback period, 
  Tpb = Cf/(Ro – Co) (Eq. 5) (year)  

2.5 2.2 1.5 
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Reactor temperature (°C) 45 50 55 
Capital cost, 
  Cf = Creactor + Cbiogas + Cland + Cgenerator 

1,229,050 1,249,890 1,541,840 

Anaerobic reactor system, Creactor (Eq. 6) 348,960 308,450 257,130 
Biogas storage system, Cbiogas (Eq. 7) 138,420 149,770 213,040 
Land application system, Cland 121,670 121,670 121,670 
Gas-engine generators, Cgenerator 620,000 670,000 950,000 
Annual capital charges(2), Cfc

 (Eq. 8) 106,190 107,990 133,210 
Annual operating & maintenance cost, 
  Co = i + ii + iii + iv + Cd 

187,240 191,130 224,590 

Anaerobic treatment (i) 23,420 22,200 20,660 
Biogas handling (ii) 14,100 14,440 16,340 
Land application (iii) 17,830 17,830 17,830 
Electricity generation (iv) 49,950 52,450 66,450 
Equipment depreciation, Cd (Eq. 9) 81,940 83,330 102,790 
Annual operating revenue, Ro = A + B + C 315,220 336,740 455,960 
Biogas utilisation (A) 262,290 283,810 403,030 
Fertiliser saving (B) 34,490 34,490 34,490 
Increased FFB yield (C) 18,440 18,440 18,440 
Annual cost-benefit, Cba = Ro – Co - Cfc (Eq. 3) 21,790 37,620 98,160 
Annual return on investment, 
  Roi = (Cba/Cf)x100 (Eq. 4) (%) 

1.8 3.0 6.4 

Payback period, Tpb = Cf/(Ro – Co) (Eq. 5) (year)  9.6 8.6 6.7 
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Digestion 
temp. 
(°C) 

Methane 
production(2) 

(x 106 m3year-1) 

Thermal energy 
obtainable(3) 

(x 1015 Jyear-1) 

Fuel oil equivalent 
(x 106 Lyear-1) 

Electricity obtainable(4) 

(x 106 kWhyear-1) 

35 375 12.94 365 1,240 
45 479 16.53 467 1,470 
50 518 17.87 505 1,580 
55 734 25.32 715 2,250 
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