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his article may play an important 
role in polishing the mind of 
researchers in the palm oil mill 

INTRODUCTION 

sector. Amidst the fascination of Mongana 
Report, still maintain it  popularity and rec-
ognition by  the mill engineers as well as 
researchers  in the palm oil industry, I be-
lieve that treatment of palm oil mill efflu-
ent (POME) is also getting increased atten-
tion.  Besides that, in recent  times methane 
gas  generated by POME also has come to 
the limelight  as a very promising source of 
energy  and income from the generation of 
renewable energy.

Undeniably, POME  has contributed 
much to the pollution of the environment. 
A string of efforts has been undertaken  in 
order to reduce the impact of the effluent on 
the environment. However, the question is 
how long can it last?  It is always easy to 
start a brand new project which seems to 
bring  a new shade of light to the future of 
palm oil mill treatment, but how are the 
maintenance works going to be? Will it be 
able to ensure the sustainability of the so-
called sustainable effort?  This is  something 
every researcher must  ponder before claim-
ing their project as the pearl of the industry. 
A project can only be categorized as good if 

the  project is able to contribute to the sus-
tainable development in the long run.   

In the context of palm oil industry, anaer-
obic digestion (AD) is a biological proc-
ess of degrading the organic materials in 
the  POME  in the absence of oxygen. The 
microorganisms will degrade the organic 
wastes in the POME through bacterial fer-
mentation at a temperature of around 30oC 
to 35oC (mesophilic fermentation) or 55oC 
(thermophilic fermentation), during which 
60% or more of the organic materials may be 
converted to methane gas or biogas (www.
unitrade94.hu).

Referring back to the previous issue, 
Anaerobic Digestion: Part 1, one should be 
able to understand that there are four stages 
involved in the process of AD: hydrolysis, 
acidogenesis, acetogenesis and methano-
genesis. These stages result from the bio-
logical treatment of organic waste by two 
key bacterial groups, namely, acetogens and 
methanogens. I suppose it does not come as 
a surprise when small home and farm-based 
AD in developing countries offer great po-
tential for cheap and low cost energy from 
biogas.

Owing to the increasing environmental 
protection pressures, researchers are forced 
to step forward and come up with an effec-
tive method of zero-discharge technology 
for the palm oil mill industry and hence, 
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the biogas capturing system that promises 
the industry the potential for the genera-
tion of income, from sale of  electricity and 
carbon credit from reduction in emission of 
greenhouse gas (GHG).  Currently, the un-
restricted emission of methane gas poses a 
great   threat to the environment as it  causes  
greenhouse effect leading  to global warm-
ing. As a result, a methane capturing system 
is vital for protection of the environment 
hopefully leading to slowing down of glo-
bal  warning.

Most of the biogas generated by  the AD  
of the effluent is freely  emitted into the en-
vironment thereby contributing to global 
warming. Methane, as a GHG is known to 
be 21  times more detrimental than carbon 
dioxide. Thus,  the utilization of the biogas 
as a renewable energy is not only commer-
cially attractive but will also reduce the GHG 
emissions, and be eligible under for funding 
from the Clean Development Mechanism.

BIOGAS COMPOSITION

Biogas is a fuel gas, a mixture of 65% meth-
ane and 35% of carbon dioxide. It is a re-
newable energy originating  from biomass. 
Biogas contains a large variety of gases re-
sulting from specific treatment processes, 
starting from various organic wastes – in-
dustries, animal and domestic wastes. It is 
lighter than air and its calorific value is half 
that of an equal volume of natural gas (Table 
1).

The presence of traces of hydrogen sul-
phide (H2S), carbon dioxide (CO2) and wa-
ter (H2O) make biogas very corrosive and 
require the use of adapted materials. Com-
position of a gas issued from digester de-
pends on the substrate, organic matter load 
and feeding rate of the digester (Table 2).

The production of biogas is becoming 
the preferred method of dealing with large 
quantities of organic wastes to provide a 
sustainable management system. It has been 
extensively adopted in United Kingdom,  
Europe and Scandinavia with the construc-

tion of many large scale AD  plants in the 
past 10 years. 

In our country, palm oil sector contrib-
utes significantly to the economy of Malay-
sia which is approximately 2.93% or RM 6.4 
million of gross domestic productivity of 
Malaysia  since  2002. And till now, this sec-
tor is still able to provide a yield of 10 times 
more than most of the other oil crops avail-
able. Therefore, oil palm is well-known for 
its status in land and resource utilization 
and contributing to the sustainable devel-
opment.

There are vast potentials for oil palm sec-
tor to tap the abundant biomass waste and 
high organic content of POME effectively 
as renewable energy resources. The energy 
potential from biomass residue has been es-
timated at 365 MW and POME at 177 MW. 
One of the examples of the methane recov-
ery system available for review is Novaviro 
technology.

Biogas Refinement

Biogas may require further treatment 
and cleaning or ‘scrubbing’ to further refine 
it for other uses.

Hydrogen Sulphide

Hydrogen sulphide is a toxic product of 
the anaerobic decomposition of sulphates 
contained within the input feedstock. This 
hydrogen sulphide is released as a trace 
component of the biogas. 

Environmental enforcement agencies 
such as US Environment Protection Agen-
cy or the English and Welsh Environment 
Agency put strict limits on the levels of gas-
es containing hydrogen sulphide. The US 
Environment Protection Agency has man-
dated that industrial facilities may not burn 
any fuel gas that contains more than 160 
ppm by volume (0.016% by volume) of hy-
drogen sulphide. Therefore, if the levels of 
hydrogen sulphide in the gas are high, gas 
scrubbing and cleaning equipment may be 
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TABLE 1.  PHYSICAL CHARACTERISTICS AND COMPOSITION OF BIOGAS

Type of gas Biogas 1
household waste

Biogas 2
agri-food industry

Natural gas

Composition 60%  CH4 68%  CH4 97%  CH4

33%  CO2 26%  CO2 2.2%  CO2

1%  N2 1%  N2 0.3%  N2

0%  O2 0%  O2 0.1%  O2

6%  H2O 5 %  H2O 0.4%  H2O

Density (kg m-3) 0.93 0.85 0.57

Mass (kg) 1.21 1.11 0.73

Source: http://www.biogas-renewable-energy.info/, accessed on 21 December 2009.

TABLE 2. CHEMICAL COMPOSITION OF BIOGAS IN VARIOUS INDUSTRY

Components Household 
waste

Wastewater 
treatment plant 

sludge

Agricultural 
waste

Agri-food waste

CH4 % volume
CO2 % volume
N2 % volume
O2 % volume
H2O % volume

50-60
38-34
5-0
1-0

6 (40oC)

60-75
33-19
1-0

< 0.5
6 (40oC)

60-75
33-19
1-0

< 0.5
6 (40oC)

68
26
-
-

6 (40oC)

Total % volume 100 100 100 100

H2S mg m-3

NH3 mg m-3

Aromatic mg m-3

Organochlorinated 
or
Organofluorinated 
mg m-3

100-900
-

0-200
100-800

1 000-400
-
-
-

3 000-10 000
50-100

-
-

400
-
-
-

Source: http://www.biogas-renewable-energy.info/, accessed on 21 December 2009.

needed to process the biogas within region-
ally accepted levels.

Siloxanes 

If siloxanes are present in the gas, they 
will adversely affect gas engines. The si-
loxane forms mineralized deposits on the 
physical elements of the engine, which will 
increase wear and tear. Therefore, increased 

level of siloxane will render greater atten-
tion to the maintenance of the gas engine. 
Over a certain threshold level, the gas will 
not be suitable for use in gas engine.

BENEFITS OF METHANE CAPTURING 
SYSTEM

For every tonne of fresh fruit bunch (FFB)   
about 0.7 t of effluent is produced. The efflu-
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ent in its untreated form has a high organic 
content which leads to anaerobic conditions 
and the production of methane. Under the 
Environmental Quality Regulation (Pre-
scribed Premises - crude palm oil in 1977), 
it is mandatory for the millers to treat the 
waste to a certain regulated standards be-
fore discharge (EcoSecurity Ltd, 2003).

AD of the effluent to generate biogas 
as a renewable fuel has higher potential in 
Malaysia than most other options, and at 
present, this source of renewable energy is 
practically untapped. Only one commercial 
plant is known to harness and utilize the 

biogas generated as fuel burnt directly in a 
boiler. The potential amount of energy that 
can be harnessed from the biogas is listed in 
Table 3.

There is no  doubt the  methane cap-
turing system will be able to benefit every 
party in the palm oil industry, farmers and 
energy entrepreneurs, government as well 
as improve the quality of environment. 
Following the reduction in the emissions 
of methane gas to the environment, green-
house effects will also decrease,  thus,  con-
tributing to a cleaner environment. 

RAW POME

30 t FFB hr-1

POME: 400 m3 day-1

BOD: 25 000-35 000 
mg litre-1

COD: 45 000-70 000 
mg litre-1 (with juice 
from EFB)

BIOGAS

Production: 11200 m3 day-1

Composition:
 CH4: 62.5%
 CO2: 37%
 H2S: 1500-3000 vppm

DIGESTED POME

FLOW: 400 m3 day-1

BOD: 250-300 mg 
litre-1

COD: 8000-12 000 
mg litre-1

ANAEROBIC DIGESTER

2 units floating cover and 1 fixed roof
Continuous flow stirred tank reactor
Combined operating capacity: 7500 m3

Figure 1.  Recovery of methane from palm oil mill effluent (POME)  by KSTM anaerobic digester technology.
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TABLE 3. AVAILABLE ENERGY FROM ANAEROBIC DIGESTION OF PALM OIL  MILL 
EFFLUENT (POME)

Capacity of mills
(t FFB yr-1)

Effluent*
(t)

Biogas**
(m3)

Energy available 
(MJ)

95 000 66 500 1 915 000 52 467 328

192 000 134 400 3 870 720 106 019 021

288 000 201 600 5 806 080 159 028 531

384 000 268 800 7 741 440 212 038 042

530 000 371 000 1 684 800 292 656 672

Note:   * Based on 0.7 t effluent generated per tonne of FFB processed.
             **  Computed based on 1 t of POME releases 28.8 MJ biogas.
Source:  EcoSecurity Ltd (2003).

CONCLUSION 

The palm oil sector has probably the most 
potential for the development of renewable 
energy in Malaysia given the available bio-
waste resources and institutional support 
for it. There are considerable quantities of 

biowaste in the form of solid biomass and 
biogas generated by POME  at the mills, 
which could be used to generate electricity 
for grid connection under the Small Scale 
Renewable Energy Programme (SREP).




