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ABSTRACT 
 

Palm oil mill effluent (POME) is the single largest source of industrial wastewater 
pollution in Malaysia. On account of its extremely high biochemical oxygen demand (BOD) 
and chemical oxygen demand (COD), POME poses a great threat to the quality of the 
nearby water environment due to oxygen depletion and the enormous pollution problem. 
The use of membrane as an innovative technology for wastewater treatment process has 
recently been widely accepted and adopted for POME treatment to replace conventional 
wastewater treatment. A pilot-scale integrated system combining the sand filter and 
activated carbon filter (SF+AC) pretreatment coupled with nanofiltration (NF)/reverse 
osmosis (RO) membrane technology is introduce in this study to further improve the water 
quality of secondary POME up to the standard in which it can be reuse and recycle as 
boiler feed water or any other usage. The results showed SF+AC pretreatment was able to 
remove a large amount of suspended solids (SS) in aerobic POME and reduced the BOD, 
COD, total suspended solids (TSS), total dissolved solids (TDS), colour, phosphorus (P), 
turbidity, and conductivity up to 47.80%, 95.56%, 90.91%, 73.67%, 96.25%, 63.70%, 
99.96%, and 73.64%, respectively. With the support of membrane filtration process, 
aerobic POME was further treated and each parameter had decreased drastically after the 
membrane treatment, showing a great use of membrane filtration in removing the 
unwanted substance in POME. However, only the integrated system combing the SF+AC 
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pretreatment coupled with RO membrane was able to meet the boiler feed water standard, 
eventually leading to recycle and promoted for internal plant usage as boiler feed water.  

 
 

1. INTRODUCTION 
 
 Palm oil is the largest agro-based industry in Malaysia and Malaysia is the world's 
second largest palm oil producing country after Indonesia. According to the report done by 
Malaysia Palm Oil Board (MPOB) at year 2008, Malaysia contributes 41% while Indonesia 
contributes 44 % of the world’s palm oil production. Planted area of oil palm in Malaysia 
had increased rapidly from year 1960 to year 2009 in which the planted area of oil palm in 
year 1960 was only 55 000 hectares whereas the planted area of oil palm in year 2009 
was boosted to 4.57 million hectares (Abdullah & Wahid, 2010). This rapid expansion was 
mainly due to the ownership such as The Federal Land Development Authority (FELDA) 
who converting their existing rubber plantation into oil palm plantation and the opening of 
new land areas by government and private company such Sime Darby and Tabung Haji.  
One hectare of oil palm can produce 10- 35 tonnes of fresh fruit bunches (FFB) per year 
(Singh et al, 2010). 
 Extraction of crude palm oil from FFB involves several processing stages: 
sterilization, stripping, digestion, pressing, clarification, purification, and vacuum drying. At 
first stage of sterilization, FFB are sterilized inside the autoclave using high pressure 
steam (120 oC to 140 oC) at 40 psi (Igwe & Onyegbado, 2007) to loosen the fruit from the 
bunch and to stop the formation of free fatty acid. This process contributes the major 
source of wastewater. Next stage is bunch stripping. This process occurs in a rotary drum 
to knock out the fruit from the bunch. The separated fruit will undergo a digestion process. 
Digestion process involves the mashing up of fruit under steam condition at temperature 
80 oC to 90 oC (Igwe & Onyegbado, 2007) to break the mesocarp oil-bearing cells. 
Homogenous oil mash coming out from digester is then passing through a screw press 
and separated to press liquor and press cake. Following, the press liquor passes through 
the vibrating screen, hydrocyclone, and decanter to remove the fine solid and water 
(Rupani et al, 2010). Next, crude oil with fewer solids from decanter will pass through a 
clarification tank. The product from clarification tank is oil and sludge. From these 
processes, three major processing responsible for producing the palm oil mill effluent 
(POME) is strezilization of FFB, clarification of the extracted crude palm oil, and 
hydrocyclone separation of cracked mixture of kernel and shell. To produce 1 tonnes of 
crude palm oil, 5.0-7.5 tonnes of water is required and more than 50% of the water will end 
up as POME (Ahmad et al., 2003). Strezilization of FFB, clarification of the extracted crude 
palm oil, and hydrocyclone separation of cracked mixture of kernel and shell had 
contribute about 36%, 60%, and 4% of POME respectively into the mill (Rupani et al., 
2010).  
 POME is thick, brownish colloidal suspension with distinct offensive odor of 95–96% 
water, 0.6–0.7% oil, and 4–5% total solids (Ma, 2000). However, POME is non-toxic as no 
chemicals are added during oil extraction process (Ahmad et al., 2009) .Raw or untreated 



POME have high biochemical oxygen demand (BOD), chemical oxygen demand (COD), 
oil and grease, total solids as well as suspended solids (SS) (Ma,1995). Discharging of 
POME into the water body may lead to severe pollution and might affect ecosystem of the 
water body as the POME with high COD and BOD value will deplete  dissolved oxygen 
that can dissolve into the water. Consequently, fish and other aquatic organisms might die 
due to the depletion of dissolved oxygen in the water body (Madaki & Seng, 2013). There 
are various methods that have been developed by palm oil mill in Malaysia and applied to 
treat POME such as biological treatment (Rahim & Raj, 1982) and evaporation technology 
(Ma, 1995). Today, approximately 85% of POME treatment is based on conventional 
biological treatment methods of acidification, anaerobic, facultative, and aerobic 
degradation (Zhang et al., 2008). However, the conventional system which based on 
biological treatment often required long retention time, proper maintainance, and leads to 
environmental pollution issues (Ahmad & Chan, 2009). Although evaporation of POME 
can recovered up to 85% of water as distillate and the solid concentrate accumulated from 
process can be utilized as feed material for fertilizer manufacturing (Ma, 2000), the 
operating cost for evaporaton treatment is very high as the evaporation process consumed 
a great number of energy. Thus, the palm oil industry in Malaysia still stay struggling with 
the POME issue. 
 Membrane technology appears to be one of the high potential solution for 
wastewater treatment, attributed to its great advantages such as wide applicability, 
invariable quality of produced water, efficient, economical, and easy automation (Ahmad et 
al., 2009). The applications of membrane technology in general and reverse osmosis (RO) 
in particular for wastewater treatment include beverage industry (Tay & Jeyaseelan, 1995), 
tanneries wastewaters (Fababuj-Roger et al., 2007),chromium tanning processes 
(Cassano et al., 1997), and greasy wastewater (Cassano et al., 1999). In recent decades, 
the idea of water recycling and reusing has received increasing attentions, owing to the 
global concerns on the ever increasing water demand, whether it’s human consumption, 
agricultural application, or industrial use (Cicek, 2003).   
 Instead of discharging the industrial effluents into the streams, the effluents can be 
treated using membrane and reuse as the feed for boiler of factory. Boiler is a closed 
vessel in which water under pressure is transformed into steam by the application of heat 
(Odigure et al., 2005). Most of the palm oil mill processing factories require large volumes 
of steam for continuous supply into the production line. The most pressing aspect of 
concerned is the boiler must be fed with the water of excellent quality in order to maintain 
high efficiency of its operation. Typically, boiler feed is supplied with fresh water which 
could result in high operation cost, particularly in the countries where the fresh water tariff 
is high. The alternative of reusing the treated POME wastewater that has been treated and 
purified by membranes would eventually help to reduce the total water consumptions and 
the quantity of wastewater discharge (Mavrov & Bélières, 2000). 
 The use of membrane technology in treating and recycling the wastewater has been 
demonstrated by a number of researchers. Masson and Deans (1996) developed a 
scheme for reusing secondary treated effluent. Under the scheme, secondary treated 
effluent from sewage treatment plant was treated by membrane filtration coupled with 



chemical treatment with the aim of producing boiler feed water to a power station in 
Australia. The use of RO membrane was proven to have largely reduced the chemical 
consumption due to the capability of RO membrane to remove the dissolved solids. Cuda 
et al. (2006) investigated the selection of wastewater treatment processes and reported 
that RO was better in treating large capacities of water with a higher level of total dissolved 
solids (TDS), compared to ion exchange process. Another successful experiences in 
producing boiler feed water using microfiltration (MF) followed by RO membrane from 
industrial wastewater, river water, and sweet wastewater was demonstrated by Nooijen et 
al. (1998). 
 For the secondary wastewater effluent from palm oil mill, it is expected that the 
integrated system combining the sand filter and activated carbon filter pretreatment and 
membrane technology should be able to improve the water quality to the level that can be 
recycle back as boiler feedwater or for other uses. Thus, the intend of this study is to test 
the feasibility of the pilot scale integrated system combining the sand filter and activated 
carbon filter (SF+AC) pretreatment coupled with nanofiltration(NF)/(RO) membranes.  
 
 
2. MATERIALS AND METHODS 
 

2.1 Chemicals and membranes 
 

 All of the chemicals used were analytical grade, unless stated otherwise. PhosVer 3 
phosphate reagent, DPD total chlorine reagent, Nessler reagent, polyvinyl alcohol 
dispersing agent, mineral stabilizer, EGTA solution, EDTA solution, calcium and 
magnesium indicator, and alkali solution for calcium and magnesium test were purchased 
from Hach Company (Colorado, USA). Two types of spiral wound commercial membrane 
module, NF270-4040 and BW30-4040 purchased from Dow Filmtec, USA were used in 
this study. The specifications of the membranes used are illustrated in Table 1.  

 
 

Table 1 Properties of NF270-4040 and BW30-4040 membranes used in the study 

Membrane 
Membrane 

Material 
Stabilized Salt 
Rejection (%) 

Maximum 
Operating 
Pressure 

pH Range, 
Continuous 
Operation(a) 

Maximum 
Operating 

Temperature(a) 

NF270- 
4040 

 

Polyamide 
thin-film 

composite 
> 97.0 

600 psi 
(41 bar) 

2 - 11 
113 oF 
(45 oC) 

BW30- 
4040 

Polyamide 
thin-film 

composite 
99.5 

600 psi 
(41 bar) 

2 - 11 
113 oF 
(45 oC) 

(a) Maximum temperature for continuous operation above pH 10 is 95 ºF (35 ºC). 



2.2 Membrane characterization 
 

2.2.1   Field Emission Scanning Electron Microscope (FESEM) analysis 
 The cross-sectional of the commercial spiral wound membrane modules (BW30-
4040 and NF270-4040) were probed using FESEM (SUPRA 35 VP, Carl Zeiss Inc.). The 
membranes were immersed into liquid nitrogen (N2), cryogenically fractured and mounted 
vertically on the sample stud by using double sided Scotch tape to avoid the develop of 
static charge. A K 550 sputter coater was used to coat the outer surface of the membrane 
samples with a thin layer of gold (~ 20 nm thickness) under vacuum to provide electrical 
conductivity and to prevent the surface from being charged up.  
 
2.3 Preparation of feed solution 
 
 The feed solution used for the experiment was collected from first aerobic digester 
pool after the closed anaerobic digester system at East Mill Sime Darby Palm Oil 
Plantation at Carey Island, Selangor, Malaysia. The collected aerobic POME was 
preserved in the cold room at temperature below 4°C, but above the freezing point, 
immediately after sampling to prevent the POME from undergoing microbial 
biodegradation.  
 During the membrane filtration treatment, the collected aerobic POME was diluted 
to around 150 mg/L COD value to imitate the biofilm treated POME in our previous study 
prior subjected to the pilot plant membrane filtration system for further treatment. The 
typical characteristics of diluted aerobic POME are summarized in Table 2. 
 
 
 

Table 2 Typical characteristics of diluted aerobic POME 

Parameter 
Diluted aerobic 

POME 

BOD (mg/L) 1500.00 

COD (mg/L) 1486.67 

TSS (mg/L) 385.00 

TDS (mg/L) 2400.00 

Colour (PtCo) 8263.33 

Phosphorus (mg/L) 72.17 

Turbidity (NTU) 283.67 

Conductivity (mg/L) 4896.67 

pH 7.61 

 
 



2.4 Pilot plant membrane filtration system 
 
 A pilot plant membrane filtration system as depicted in Fig. 1 was employed to 
study the performance of spiral wound commercial membrane modules using diluted 
aerobic POME as feed solution.  
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
Fig. 1 Schematic diagram of pilot plant membrane treatment system 

 
 The membrane treatment system mainly consists of two tanks, namely Tank 1 and 
Tank 2 with processing volume up to 500 L, two units of 10” diameter × 54” height FRP 
sand filters, and one unit of 10” diameter × 54” height FRP activated carbon (activated 
Carton ID 950) filter as pretreatment prior membrane filtration unit. There are five layers in 
the FRP sand filter, first layer: Anthracite, second layer: Garnet, third layer: 0.6-1.2 mm 
sand, fourth layer: 1.2-2.4 mm sand, and for the fifth layer: 2.4-4.8 mm sand. Whereas, 
FRP activated carbon filter contains 100% coconut shell granule activated carbon. 
 Diluted aerobic POME was initially charged into Tank 1 and passed through two 
units of FRP sand filters followed with a unit of activated carbon filter into Tank 2. The 
pretreated diluted aerobic POME will then subjected to membrane filtration unit for further 
treatment and the retentate was re-circulated to Tank 1.Operating pressure for pilot plant 
membrane system was controlled by needle value at 45 psi throughout the process. 
Permeates were collected every two hours for 6 hours of continuous membrane filtration.  
 Permeate flux (Jv) was calculated by direct measurement of the permeate volume 
over the time using Eq. (1). 
 



   
 

  
                                                                                                                                 (1) 

 
Where Jv is the permeate flux (L/m2 h), V is the permeate volume (V), t is the time (h), and 
A is the effective filtration area (m2) of the membrane. 
 
2.5 Permeate water analysis 
 
 The performance of each spiral wound commercial membrane module in treating 
the diluted aerobic POME was evaluated by assessing the permeate water quality based 
on several parameters COD, BOD, total suspended solid (TSS), TDS, phosphorus (P), 
colour, turbidity, conductivity, and pH. 
 COD was measured by preheat the samples at 150 °C  in Hach digital reactor RBC 
200 (Hach Company, Colorado, USA) for two hours and analyzed using DR3900 
Benchtop spectrophotometer with RFID* Technology (Hach Company, Colorado, USA) at 
low range (3-150 mg/L). BODTrak II instrument (Hach Company, Colorado, USA) was 
used to analyze BOD value of the samples by leaving the samples in incubator for three 
days at 30 °C. Phosphorus (P) and colour were measured based on PhosVer 3 method 
and platinum-cobalt standard method using DR3900 Benchtop spectrophotometer with 
RFID* Technology (Hach Company, Colorado, USA). TDS, conductivity, and pH were 
measured by using electrode method, HI 2550 pH/ORP & EC/TDS/ NaCl meter from 
Hanna Instrument, USA. Turbidity was measured by using 2100AN turbidity meter (Hach 
Company, Colorado, USA). TSS of the sample was measured by weighing the weight of 
SS left on 0.45 µm diameter cellulose nitrate membranes filter after used to separate the 
liquid and the SS. 
 
 
3. RESULTS AND DISCUSSION  
 

3.1 Membrane permeability 
 
 Membrane permeability of BW30-4040 and NF270-4040 membrane modules were 
investigated at different operating pressure, using tap water as feed solution. Generally, 
the membrane permeate flux was increased proportionally with the increasing of operating 
pressure as illustrated in Fig. 2 This observation proved that the used BW30-4040 and 
NF270-4040 spiral wound commercial membranes are pressure driven with the membrane 
permeability of 62.201 L/m2 h MPa and 62.493 L/m2 h MPa, respectively. 

 



 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 BW30-4040 and NF270-4040 membrane permeate water flux at different operating 
pressure 
 
 
3.2 FRP sand filter and FRP activated carbon filter (SF+AC) pretreatment 
 
 The FRP sand filter and FRP activated carbon filter pretreatment was studied using 
the same pilot plant membrane filtration unit which only involved initial feed tank (Tank 1) 
with processing volume up to 500 L, two units of 10” diameter × 54” height FRP sand 
filters, one unit of 10” diameter × 54” height FRP activated carbon (activated Carton ID 950) 
filter, and an accumulation tank (Tank 2) without passing through the membrane filtration 
unit. The operating pressure for this pretreatment system was maintained at 45 psi 
throughout the process.  
 Table 3 comparing the water quality of diluted aerobic POME in initial feed tank 
(Tank1), water quality of water sample after SF+AC pretreatment process, and percentage 
removal of each parameter after SF+AC pretreatment process. SF+AC pretreatment was 
able to remove a large amount of SS in the feed solution and improved the treated water 
quality. The analysis of the water sample after SF+AC pretreatment process shown that 
47.80% BOD, 95.56% COD, 90.91% TSS, 73.67% TDS, 96.25% colour, 63.70% P, 99.96% 
turbidity, and 73.64% conductivity have been successfully removed. 
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Table 3 Water quality of diluted aerobic POME in initial feed tank (Tank1), water quality of 
water sample after SF+AC pretreatment process, and percentage removal of each 
parameter after SF+AC pretreatment process 

Parameter T1 T2 Percentage removal (%) 

BOD (mg/L) 1500.00 783.00 47.80 

COD (mg/L) 1486.67 66.00 95.56 

TSS (mg/L) 385.00 35.00 90.91 

TDS (mg/L) 2400.00 631.83 73.67 

Colour (PtCo) 8263.33 309.50 96.25 

Phosphorus (mg/L) 72.17 26.20 63.70 

Turbidity (NTU) 283.67 6.66 99.96 

Conductivity (mg/L) 4896.67 1265.50 73.64 

pH 7.61 7.59 - 

Remarks: T1: Tank 1     T2: Tank 2 
 
 
3.3 Membrane filtration system  
 
 The performance of the pilot plant membrane filtration system in treating the effluent 
after the FRP sand filter and FRP activated carbon filter pretreatment was assessed based 
on  the same series of parameters: conductivity, TDS, pH, P, TSS, turbidity, COD, colour, 
and BOD. Sampling was done and analyzed on permeate water after 2 hours of 
membrane filtration, permeate water after 4 hours of membrane filtration, and permeate 
water after 6 hours of membrane filtration. Table 4 represents the sample water quality at 
different stage in pilot plant membrane filtration system using BW30-4040 and NF270-
4040 membrane modules. Whereas, Fig. 3 shown the percentage removal of each 
parameter after the membrane filtration process using BW30-4040 and NF270-4040 
membrane modules.  
 Fig. 3 depicted that, each parameters had decreased drastically after the 
membrane treatment, showing a great use of membrane filtration system in removing the 
unwanted substance in POME. 42.42% BOD, 99.90% COD, 20.00% TSS, 92.88% TDS, 
100% colour, 99.91% P, 99.88% turbidity, and 92.66% conductivity have been 
successfully removed by BW30-4040 membrane module. Whereas, the analysis of the 
water sample after treated with NF270-4040 membrane module shown that 96.23% BOD, 
99.20% COD, 90.78% TSS, 29.87% TDS, 99.95% colour, 98.72% P, 99.15% turbidity, and 
37.77% conductivity have been successfully removed.   
 
 
 
 
 



Table 4 Sample water quality at different stage in pilot plant membrane filtration system 
using BW30-4040 and NF270-4040 membrane modules 

Parameter 
BW30-4040  NF270-4040 

P2 P4 P6  P2 P4 P6 

BOD (mg/L) 20.00 16.00 19.00  4.23 3.00 4.03 

COD (mg/L) 0.00 0.30 0.00  0.87 1.23 1.53 

TSS (mg/L) 0.04 0.05 0.05  5.00 8.33 15.67 

TDS (mg/L) 16.90 27.10 35.90  372.00 406.00 454.67 

Colour (PtCo) 0.00 0.00 0.00  0.00 0.00 0.00 

Phosphorus (mg/L) 0.10 0.00 0.00  0.69 1.63 1.03 

Turbidity (NTU) 0.09 0.11 0.08  0.11 0.42 0.40 

Conductivity (µs) 33.90 54.40 71.90  760.33 815.67 834.33 

pH 9.80 10.05 10.17  8.53 8.63 8.77 

Remarks: T1: Tank 1     T2: Tank 2     P2: Permeate after 2 hours of membrane filtration   
P4: Permeate after 4 hours of membrane filtration     P6: Permeate after 6 hours of 
membrane filtration   
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Fig.3 Percentage removal of each parameter after the membrane filtration process using 
BW30-4040 and NF270-4040 membrane modules 
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3.4 Comparison between permeate water from pilot plant membrane filtration system and 
boiler feed water standard 
 
 Malaysia has many different water quality standards for different purposes. In order 
to prove the recycle and reuse concept of integrated system combining the SF+AC 
pretreatment  and membrane filtration, the produced permeate water quality after the 
membrane filtration process using BW30-4040 and NF270-4040 membrane modules was 
compared  with the boiler feed water, POME discharge of Standard F, and Malaysia 
sewage and industrial effluent discharge standard.  
 Malaysia sewage and industrial effluent discharge standard is the minimum 
requirement for wastewater to be able to disposed into inland water. Typically, the 
Malaysia sewage and industrial effluent discharge standard consists of two categories: 
Standard A and Standard B, in which Standard A and Standard B refer to the wastewater 
quality that can be disposed upstream and downstream of the intake water supply, 
respectively. Although palm oil mills are still exempt from Malaysia sewage and industrial 
effluent discharge, as stated in the Malaysia Environmental Quality Act (1974), global 
awareness in environmental protection has resulted in stricter POME discharge 
requirement due to extensive pollution of the rivers. The requirement of stricter POME 
discharge quality has been mentioned from the first standard in 1978 to the last standard, 
Standard F, in 1984. In this study, only Standard F of POME discharge requirement was 
compared as it is the most recent requirement for POME discharge. As the ultimate goal of 
this study was to promote the recycle and reuse of treated water for internal plant usage, 
especially applied in steam boiler, the boiler-feed water standard also had to be identified. 
The boiler feed water standard in this study was referred to the U.S. Environmental 
Protection Agency (USEPA) which was used for low to moderate pressure boilers. 
 Comparison of permeate water quality in Table 5 shown that, the produced 
permeate water quality from integrated system combining the SF+AC pretreatment and 
NF270-4040 membrane filtration was unable to meet the boiler feed water quality standard. 
This is mainly due to the slightly higher TSS with the concentration of 15.67 mg/L 
contained in the permeate water. Thus, further treatment was needed for this integrated 
system combining the SF+AC pretreatment and NF270-4040 membrane filtration to meet 
the minimum requirement for boiler feed water standard. Although the permeated water 
produced from integrated system combining the SF+AC pretreatment and NF270-4040 
membrane filtration does not comply to the boiler feed water standard, the permeate water 
did fulfill the  Malaysia sewage and industrial effluent discharge Standard A. This means 
that the permeate water produced from this integrated system combining the SF+AC 
pretreatment and NF270-4040 membrane filtration can be disposed upstream of the intake 
water supply. 
 On the other hand, permeate water obtained from integrated system combining the 
SF+AC pretreatment and BW30-4040 membrane filtration showed a good fit to the boiler 
feed water standard in which the COD < 5 mg/L, TSS < 10 mg/L, TDS < 2500 mg/L, P is in 
the range of 30-50 mg/L, turbidity is in the range of 0-3 NTU, and pH is in the range of 7-
10.  



Table 5 Comparison of permeate water after the membrane filtration process using BW30-
4040 and NF270-4040 membrane modules with boiler feed water, POME discharge of 
Standard F, and Malaysia sewage and industrial effluent discharge standard 

Parameter 
BW30-
4040 

NF270-
4040 

Water Quality Standard 

Boiler Feed POME (F) 
Sewage 

A B 

BOD (mg/L) 19.00 4.03 - 100** 20 50 
COD (mg/L) 0.00 1.53  < 5 - - - 
TSS (mg/L) 0.05 15.67 < 10 400 50 100 
TDS (mg/L) 35.90 454.67 < 2500 - - - 
Colour (PtCo) 0.00 1.00 - - 100* 200* 
Phosphorus (mg/L) 0.00 1.03 30-50 - - - 
Turbidity (NTU) 0.08 0.40 0-3 - - - 
Conductivity (µs) 71.90 834.33 - - - - 
pH (mg/L) 10.17 8.77 7-10 5-9 6-9 5.5-9 

*The unit of the colour is ADMI   **BOD incubation of 3 day 
Boiler  = Requirement of Boiler Feed Water Standards (USEPA) 
POME(F) = POME Discharge of Standard F 
Sewage = Malaysia Sewage and Industrial Effluent Discharge Standards 
  
 
 
     Visualization from Fig. 4 also depicted that, at the end of the treatment, the integrated 
system combining the SF+AC pretreatment and BW30-4040 membrane filtration was able 
to produce odorless crystal clear permeate water. Moreover, the fouling propensity of 
NF270-4040 membrane module was relatively very high as compared to BW30-4040 
membrane module. As illustrated in Fig. 5 (a), the dark brown layer could be obviously 
observed on the NF270-4040 membrane surface after 6 hours of filtration process but to a 
less extend on BW30-4040 membrane surface. Besides, the cross-sectional FESEM 
micrographs Fig. 5 (b) of the membranes shows that NF270-4040 membrane has ticker 
foulant layer of 2.791 µm compared to BW30-4040 membrane which has only 1.027 µm. 
This observation further proved that NF270-4040 membrane module was indeed having a 
higher fouling tendency. 
 
 
 
 
 
 
 
 
 



 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 4 Visualization of sample water quality obtained from Tank 1, Tank 2, initial permeate, 
permeate after 2 hours of membrane filtration, permeate after 4 hours of membrane 
filtration, and permeate after 6 hours of membrane filtration in an  integrated system 
combining the SF+AC pretreatment and BW30-4040 membrane filtration. 

 

 
(a)          (b) 

Fig. 5 (a) Visualization (left) and (b) cross-sectional FESEM micrographs (right) of the 
membrane after 6 hours of filtration process 
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4. CONCLUSIONS  
 

In conclusion, integrated SF+AC pretreatment and membrane filtration system 
showed a great potential for the treatment of diluted aerobic POME with high removal of 
COD, BOD, TSS, TDS, P, colour, turbidity, and conductivity. SF+AC pretreatment was 
effective in SS removal with the removal percentage of 47.80%, 95.56%, 90.91%, 73.67%, 
96.25%, 63.70%, 99.96%, and 73.64% for BOD, COD, TSS, TDS, colour, P, turbidity, and 
conductivity, respectively. With the support of membrane filtration, diluted aerobic POME 
was further treated to enhance the quality of the produced water. SF+AC pretreatment 
followed by NF270-4040 and BW30-4040 membrane processes were able to remove > 
90% of COD, TSS, P, colour, and turbidity. However, due to the small pore size of BW30-
4040 membrane, it has a higher rejection rate compared to NF270-4040 as it can removes 
most of the unwanted substances in diluted aerobic POME Therefore, only the permeate 
water produced form integrated system combining the SF+AC pretreatment and BW30-
4040 membrane filtration system was able to meet the boiler feed water standard, 
eventually leading to recycle and reuse in palm oil mill as boiler feed water. 
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