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INTRODUCTION

alm oil processing operation is in-
variably accompanied by the dis-
charge of a substantial amount of 

palm oil mill effluent (POME) which is recog-
nised as an environmental pollutant by the 
Department of Environment (DOE). The 
conventional practice of anaerobic diges-
tion and the recently developed tertiary 
treatment technologies (aerobic) of POME 
are able to meet the current regulatory ef-
fluent discharge requirement of biological 
oxygen demand (BOD) at below 100 mg 
litre-1.  The Malaysian palm oil processing 
techniques has been undergoing evolution-
ary changes over the past few decades and 
is still progressing, thus assuring the nation 
of healthy competiveness of the palm prod-
ucts in the world edible oil market. 

But the existing technologies are unable 
to consistently meet the proposed stringent 
BOD regulatory requirement of 20 mg litre-1 

to be imposed by the DOE. This article in-
vestigates the possibility of integrating the 
anaerobic-aerobic processes to transform 
and recover the POME into several high 
value-added products i.e. biogas, bioferti-
liser and recycled water; hence achieving 
zero-effluent and resulting in the  BOD lim-
it of less than 20 mg litre-1

 
attainable at its 

final discharge. 

Generally, oil palm (Elaeis guineensis) is 
one of the most versatile crops in the tropi-
cal region, notably in Malaysia and Indone-
sia. The palm oil is extracted from the fruit 
of E. guineensis via a number of processes 
viz. sterilisation, stripping, digestion, press-
ing, clarification, purification and vacuum 
drying.  In the process,  about 70% to even 
100% of  POME is produced as a ratio to 
fresh fruit bunch (FFB) processed.  POME,  
a highly polluting wastewater that is thick 
with a distinct offensive odour and has a 
high organic matter content, but is non-
toxic as no chemicals are added during oil 
extraction (Ahmad et al., 2009). 

In untreated form, POME will  cause  
considerable environmental problems due 
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to its high BOD (~25 000 mg litre-1), chemi-
cal oxygen demand (COD) (~50 000 mg li-
tre-1), oil and grease  (O&G)  (4000-8000  mg  
litre-1),  total  solids (40 500-63 000 mg litre-1) 
and suspended solids (SS) (18 000-30 000 
mg litre-1) (Ma et al.,1996; Loh et  al., 2009).

POME is commonly treated using con-
ventional biological treatments via pond-
ing systems. This type of treatment remains 
largely inefficient due to the high BOD 
loading, low pH and colloidal nature of the 
SS in the POME (Stanton, 1974; Ahmad et 
al., 2005). As such, proper POME treatment 
is vital to ensure a sustainable palm oil mill-
ing that can concurrently protect the envi-
ronment (Ahmad et al., 2009). With tech-
nological advances over the years, many 
emerging processes e.g. combined aerobic 
and anaerobic digestions, physicochemical 
treatments and membrane filtration may 
possibly provide the palm oil industry a so-
lution in current problematic POME treat-
ment including overcoming the more strin-
gent regulatory effluent discharge limits of 
BOD 20 mg litre-1 that cannot be consist-
ently met by most of the technologies em-
ployed.

This article demonstrates that a zero dis-
charge of POME is possible via recovering 
usable materials such as oil, sludge and 
water from the effluent and minimising the 
generation of waste without the need for 
discharge into the environment. An inte-
grated anaerobic-aerobic treatment was ex-
ploited to evaluate its efficiency in treating 
POME towards zero discharge.

EXPERIMENTAL SET UP

A zero discharge POME treatment pilot 
plant (Figure 1) was installed at Kilang 
Kelapa Sawit Labu, Sime Darby (Loh et 
al., 2013). This plant was equipped with 
a complex concrete tank functioning as 
a pre-treatment and aerobic/clarifier 
system, followed by a biological treatment 
system and lastly a series of ultrafiltration 
(UF) and reverse osmosis (RO) used for 
reclamation. The biological anaerobic and 

aerobic treatment systems consisted of two 
units of advanced anaerobic expanded 
granular sludge bed (AnaEG®) steel tank 
with diameter and height of 6 m and 16 
m respectively, which were designed for 
running in series or parallel using a set of 
valve, two buffer tanks and a bio-contact 
aerobic tank (BioAX®). The two modules of 
UF used had a nominal molecular weight 
cut-off (MWCO) of 100 000 g mol-1 and 
the ESPA-2 RO membrane (Hydranautics, 
USA) has 99.6% NaCl rejection rate. A set 
of biogas purifier and a biogas gas engine 
generator set were used to transform biogas 
(methane) into electrical energy. 

The plant was assessed based on 10 hr 
operation over a 12-month period (October 
2010 to September 2011). Important 
parameters of POME such as BOD, COD, 
SS, ammoniacal nitrogen and total nitrogen 
were analysed based on the methods 
developed by DOE, Malaysia (1995) while 
other parameters such as volatile fatty acid 
(VFA), total alkalinity, pH and temperature 
were in accordance with the Standard 
Methods for the Examination of Water and 
Wastewater (APHA, 2005).

RESULTS AND DISCUSSION

Integrated Anaerobic-Aerobic POmE 
Treatment 

The developed integrated ‘zero 
discharge’ treatment process (Figure 2) 
mainly routed in ‘Pre- treatment - Biological 
Processes - Membrane Separation’  and 
operated at mesophilic condition was able 
to  digest and degrade the high organic 
content of POME effectively. In the AnaEG® 
tanks, the POME was anaerobically 
digested and degraded before the treated  
water  was discharged to the BioAX®  
system via aerobic digestion, followed by 
further degradation of organic compounds 
the  membrane bioreactor (MBR). Via 
this route, the removal of COD and BOD 
was 94% and 96.5% and after MBR, the 
removal rate reached >99% (Table 1). Other 
parameters such as the SS, Kjedahl nitrogen, 
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Source: Loh et al. (2013).

Figure 2. Process flow of the zero discharge treatment technology of palm oil mill effluent (POME).

Figure 1. The pilot plant of zero discharge treatment technology of palm oil mill effluent (POME).
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ammoniacal nitrogen and VFA were also 
reduced significantly.

While treating the POME anaerobically, 
the AnaEG® was capable of producing bi-
ogas amounting to 52.7 m3 hr-1 with a bi-
ogas production rate of 15-21 m3 biogas per 
m3 POME; and the biogas produced had 
an average compositions of 65%-70% CH4, 
25%-30% of CO2 and 200-1500 ppm of H2S. 
It is thus computed that for every tonne of 
COD removed in the AnaEG®, about 340 m3 
biogas could be produced (Table 2). 

The treated sludge recovered from the 
AnaEG® system could be thickened as 
a good fertiliser (Table 3). It contained a 
higher percentage of nitrogen, phosphorus 
and potassium (NPK) compared to the 
untreated ones. 

In the pilot scale reclamation system 
installed, the treated water went through 
a string of filtering systems via UF and 
RO to enhance the effluent quality. The 
UF removed any macromolecules in the 

TABLE 1. CHARACTERISTICS OF TREATED PALm OIL mILL EFFLUENT (POmE) AND 
REJECTED REVERSE OSmOSIS (RO) WATER AFTER THE INTEGRATED ZERO-DISCHARGE 

TREATmENT

aParameter Raw POmE After biological 
treatment UF permeate RO permeate

Chemical oxygen 
demand, COD (ppm)

76 896 ± 119 774.9 ± 10.9 701.1 ± 3.7 ND

Biological oxygen 
demand, BOD3 (ppm)

27 500 ± 100 20.0 ± 9.4 < 20.0 ND

Turbidity (NTU) - 111.0 ± 7.9 0.8 ± 0.05 0.4 ± 0.01

Suspended solid, 
SS (ppm)
Kjedahl nitrogen (ppm)
Ammoniacal nitrogen 
(ppm)

27 000 ± 82

60 ± 6
36 ± 1

289.6 ± 15.0

2.9 ± 0.67
23 ± 3.89

ND

ND
ND 

ND

ND
ND

Note:  UF – ultrafilteration, RO – reverse osmosis, ND – not detectable (< 0.5 ppm).
 a Values are means ± standard deviations (SD) (n = >99); wherever applicable.

Source: Loh et al. (2013). 

treated water while the removal of the salt 
ions was through RO. In this treatment, 
approximately 40% of the RO concentrated 
rejected water was collected containing 
high potassium as a liquid fertiliser. The 
other 60%  of the RO permeate  of boiler  
grade  was recovered and may be recycled 
back for use in the boiler and cooling tower 
in the palm oil mill. 

Table 2 shows the quality of water after 
anaerobic-aerobic biological treatment, and 
further downstream UF and RO treatment. 
The results showed that the pilot plant had 
the ability to reclaim water with boiler grade 
quality and at the same time COD and BOD 
of the final discharge were at values almost 
undetectable. Visual inspection showed the 
colour, odour and turbidity of the water 
from each treated stage had improved. 
At the final stage of RO, the RO permeate 
collected was odourless and clear.  

Overall, the proposed ‘zero discharge’ 
integrated POME system gave >99% 
removal of COD, BOD, SS, Kjedahl nitrogen 



PALM OIL ENGINEERING BULLETIN NO. 117 15

Feature Article

TABLE 2. EVALUATION OF AN ANAEROBIC SYSTEm (AnaEG®) IN BIOGAS PRODUCTION 

Parameter Unit Average value a

(CV%)b

Plant capacity
Biogas generation

m3 day-1

m3 day-1
5 

474.6 ± 97.4 (20.5)
Efficiency of biogas production m3 biogas hr-1 52.7 ± 10.8 (20.5)
Influent m3 day-1 31.4 ± 5.1 (16.2)
Upflow velocity m hr-1 0.062 ± 0.010 (16.1)
Influent COD mg litre-1 47914.4 ± 13584.3 (28.4)
Effluent COD of AnaEG1 mg litre-1 2764.4 ± 371.4 (13.4)
Effluent COD of AnaEG2 mg litre-1 2780.0 ± 399.7 (14.4)
Volumetric loading rate kg COD/m3.day 1.642 ± 0.467 (28.4)
COD removal rate % 93.7 ± 2.0 (2.1)
COD reduction kg day-1 1399.0 ± 419.8 (30.0)
Efficiency (in POME injection) m3 biogas m-3 POME 15.31 ± 3.05 (19.9)
Efficiency (in COD reduction) m3 biogas kg-1 COD 0.34 ± 0.14 (41.2)

         
Note:  a Values are means ± standard deviations (SD) (n = >99); wherever applicable.
 b CV - coefficient of variation; wherever applicable. COD - chemical oxygen demand.    
  POME – palm oil mill effluent. 
Source: Loh et al. (2013).

TABLE 3. CHARACTERISTICS OF BIOFERTILISER DERIVATIVES DERIVED
FROm UNTREATED EFFLUENT, TREATED EFFLUENT (sludge) AND CHICKEN mANURE 

Parameter Untreated effluenta  Treated effluentb

Nitrogen, N (%) 0.61a 1.78b

Phosphate as P2O5 (%) 0.30a 0.97b

Potassium as K2O (%) 6.68a 20.63b

Calcium as CaO (%) 2.19a 6.13b

Magnesium as Mg2O (%) 1.46a 6.54b

Cation exchange capacity, CEC 
(miliequivalent/100 g)

10.95a 16.91b

Note: a,b Values were compared using F-test. Values with the same letter are not 
significantly different.

             Source: Loh et al. (2013).
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and almost 99% ammoniacal nitrogen (Table 
1). Additionally, the system could remove 
completely the colour, odour, turbidity and 
O&G with a final pH of 8.33 for the POME 
treated. Based on this performance, the 
plant has potential to be scaled up.

Table 4 provides an indication on the eco-
nomic feasibility of the biogas plant and the 
potential energy production from a typical 
60 t hr-1 palm oil mill (based on basic finan-
cial model) (Loh et al., 2013). 

CONCLUSION

The palm oil milling industry has the 
potential to adopt zero discharge of POME 
to ensure sustainable development while 
protecting the environment. POME can 
be advantageously recovered and reused 
for many different applications. Various 
valuable end products can be potentially 

TABLE 4. ECONOmIC ANALYSIS OF THE BIOGAS SYSTEm
(for a typical 60 t FFB hr-1 palm oil mill) 

material Production rate/Conversion factor Quantity

Fresh fruit bunch (FFB) - 60 t hr-1 or 432 000 t yr-1

Palm oil mill effluent (POME) @ 65% of FFB processed 39 t hr-1 or 39 m3 hr-1

Biogas (based on COD reduction*) @ 21 m3 m-3 
POME 819 m3 hr-1

Potential energy from biogas @ 20 000 kJ m-3 16 380 000 kJ hr-1 or 
4 550 kJ s-1 or 4 550 kW

Power output/size of power plant @ 30% thermal efficiency 1.4 MW
Potential electricity to the grid @ 80% utilisation factor x 7200 hr 

yr-1 (300 days x 24 hr)
8 064 000 kWhr yr-1

Potential of electricity sales @ RM 0.40 kWhr-1 RM 3.2 million yr-1 or 
RM 67.2 million/21 yr

Total CAPEX (AnaEG®) @ RM 7  million MW-1 RM 9.8 million
Total OPEX per year @ 2.25%/yr of CAPEX RM 220 500 yr-1

Net profit per year Annual electricity sales – OPEX RM 3.0 million yr-1

Payback period
Total CAPEX (BioAX®)

RM 9.8/3.0
-

3.3 yr
RM 2.0 million 

Note: * IPCC default value = 0.25 kg CH4 kg-1. COD - chemical oxygen demand. CAPEX - capital 
expenditure. OPEX - operational expenditure.  

Source:  Loh et al. (2013).

harnessed and utilised to increase mills’ 
revenues to bring quicker returns to the 
huge investment made in POME treatment 
and management. 
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