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1. Introduction

Palm oil being the world’s most promptly growing and essential 
vegetable oil in tropical climate such as Indonesia and Malaysia, 
has made these countries to flourish in natural resources with 
significant economic value [1]. Several steps are incorporated in 
palm oil mill processing plant, to extract the palm oil from the 
fresh fruit, including sterilization, bunch stripping, and fresh fruit 
bunch (FFB), to name a few steps [2]. The total land under palm 
oil cultivation for year 2017 hit almost 5.77 million hectares (ha) 
(one hectare of oil palm produced between 10 and- 35 tons FFB 
per year), indicating 2.23% of the arable acreage in Malaysia. The 
lifecycle of oil palm is over 200 y, whereas the productive life 
is approximately 20-25 y. The plant market is between 11 and 
15 mon, while the first harvest can be carried out after 32-38 mon 
of planting [3]. The peak yield of palm oil takes 5-10 y, which 
is about 45-56% of FFB. The mesocarp of the fruit is used to generate 
oil. Almost 40-50% of the yield is from kernel. Both kernel and 
mesocarp of the fruit generate approximately 17 t/ha.y, in which 

1 ton of crude palm oil (CPO) can be generated from 5.8 tons 
of fresh fruit bunch (FFB) [4]. The progression of this industry 
has vastly contributed to the economy, along with environmental 
pollution, mainly due to the oil extraction process that generates 
a significant amount of by-products, including oil palm trunks 
(OPT), oil palm fronds, empty fruit bunch (EFB), palm pressed 
fibres, palm kernel shells and palm oil mill effluent (POME) [5]. 
Discharge of these by-products and effluents into the environment 
causes adverse effects and environmental pollution. Malaysia has 
become a prominent producer of POME at the global arena with 
approximately 50 million tons of production at annual rate [6]. 
POME is characterised by high organic acid content, carbohydrate, 
minerals, and proteins that makes this waste source a suitable 
nutrient for growth of biomass [7]. In particular, POME refers to 
a waste product that is harmful to be discharged into the environ-
ment prior to treatment process. Aerobic and anaerobic methods 
can be applied to treat POME [8]. In aerobic digester, oxygen is 
used during the procedure. Due to the high growth rate of micro-
organisms in aerobic condition, lower retention time is required 
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to promote anaerobic digestion. This anaerobic digestion technique 
has been widely applied in treating POME due to its high production 
rate with low energy consumption and flexibility in using a wide 
range of organic wastes enriched with carbohydrates including 
waste molasses [9], dairy wastewater [10], sewage sludge [11], and 
POME [12,13]. This process is composed of three reactions: hydrol-
ysis, acidogenesis, and methanogenesis [14]. During the hydrolysis 
process, fermentative bacteria convert complex organic compounds 
to monomers, such as amino acids, monosaccharides and fatty 
acids. In the second stage, simple monomers are degraded to hydro-
gen, carbon dioxide and acetate which serve as originators to pro-
duce methane in the third process [15]. Anaerobic digestion is 
suitable for highly polluted wastewaters due to high amount of 
COD, low production of surplus sludge, and the potential of generat-
ing energy [16].

Despite the high efficiency of this process, stabilization of ample 
organic matter cannot be achieved in many applications, mainly 
due to the strength of wastewater. Hence, the final effluent generated 
from anaerobic digestion is appropriate for aerobic pond ,especially 
for further treatment process to meet discharge standard [17]. With 
that, this study presents an overview of the most critical stages 
in the palm oil mill industry of Jugra Palm Oil Mill (JPOM), situated 
at Selangor, Malaysia. This study assessed the effect of several 
critical process parameters including temperature, pH, biological 
oxygen demand (BOD), sludge volume index (SVI), and dissolved 
oxygen (DO), on the operational performance of wastewater treat-
ment plant to attain a standard range of discharge into the 
environment.

2. Palm Oil Production Process

The milling industry consists of a number of unit processes to 
extract palm oil from FFB. The process flow diagram of CPO and 
kernel plant processing is illustrated in Fig. 1. Some major palm 
oil mill process is provided in the following sections.

2.1. Sterilization

The FFBs are sterilized to inactivate hydrolytic enzymes in order 
to inhibit the formation of free fatty acids, hence generating high 
quality CPO. The minimum temperature required to halt the en-
zymes activities ranges from 55°C to 140°C for 75-90 min. In this 
phase, the fruitlets are loosened from the FFB. Adequate steam 
into the system is essential to get the right sterilized fruit and 
high-quality production. Steam from the steam receiver is supplied 
to each sterilizer at 2.72 atm. In fact, this mill uses three peaks 
of processing for the FFB, signifying that air and condensate water 
are discharged in three-cycle times. The time within discharge 
for the first two cycles is 30 min and the final discharge depends 
on the ripeness of fruit, which is classified into normal ripe, 
under-ripe and overripe that are heated at for 85, 85 and 75 
min, respectively. Poorly heated fruit can affect the thresher per-
formance and result in poor separation of seeds from bunches, 
thus affecting oil extraction rate (OER). This factory operates the 
process with four units of sterilizer to support the production rate 
of 45 t/h. Each sterilizer fills eight cages with a capacity of 2.8 

ton per cage.

2.2. Thresher

In the thresher, FFB is rotated until it exits from the thresher 
in the form of fruitless bunches and fruits. The speed of thresher 
is adjusted to one that is moderate. Next, the fruits are delivered 
into a digester, while the empty bunches are conveyed to empty 
bunch cutter for further processing. Before delivering the empty 
bunches to the empty bunch plant, it passes through a second 
thresher. If the fruit remains as a bunch, it is sent to the thresher 
again. Hence, three threshers are available with one constantly 
kept on standby.

2.3. Digester

After that, the fruits are blended with steam to mesh the fruit 
so as to ensure that the fruits are smooth for pressing when delivered 
to screw press. The blade that rotates inside the digester during 
operation meshes the fruit. Steam is applied to support the meshing 
process in the digester. Five digesters are available with one kept 
on standby.

2.4. Screw Press

Here, meshed fruit is pressed to yield oil. The screw press equipment 
has two worms and a press. The worms resemble screws that rotate 
in opposite direction of each other and pull the fruit from the 
digester so that it reaches the press through the worm. The presses 
work at 7.04 kW to ensure that the fruit is completely pressed 
and no nut is broken. Hot water is used to flow the oil from pressing 
process to oil clarification section. Leftover fruits without content 
are passed via oil to kernel plant. Five screw presses are available 
in this factory, with one kept on standby.

2.5. Oil Clarification Section

In this section, oil with sludge obtained from screw press is flown 
to oil clarification section. First, oil is delivered into the first sand 
filter that is positioned in horizontal at 1.5 m height. Oil is mixed 
with sand, mud and other types of sludge. Next, in the heavy 
phase, sand and mud are settled and light phase, such an oil remains 
at the upper surface. When it overflows, only oil at the upper 
part is flown out. Sand and mud are drained at the bottom. Oil 
that press through the vibrating screen is pumped into a huge 
vertical clarifier tank (10 m height and 4 m diameter). It is a big 
tank with a height of 10 m and diameter 4 m. In this tank, steam 
is used to heat the oil up to 85°C to 90°C. Pure oil stays at the 
top layer, while sludge at the bottom. The top layer oil is collected 
in a pure oil tank using a skimmer, and then, transferred into 
vertical purifiers that contain 90 cone-shaped disks inside. The 
purifier discards dirt from oil. When it rotates, dirt flows between 
the disks and oil is transferred into a vacuum dryer. The pressure 
in the vacuum dryer is high at approximately 0.9 atm to eliminate 
moisture in the oil. After that, pure oil is pumped into a storage 
tank and ready to be sold. The major wastes at this stage are decanter 
wastewater and decanter cake. Along with sludge from the separator, 
decanter flows into the sludge pit before it is transferred into waste-
water treatment plant. Cakes are sold as animal food and used 
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as compounds to make fertilizers.

2.6. Kernel Plant

In this step, further processing of the CPO is carried out. Leftover 
fruits from screw press including nuts and fibres, are delivered 
to the kernel plant. Fruits with additional mesh are called ‘cake 
breaker’, whereas leftover fruits are known as ‘mesocarp’ or ‘fibre’. 
Cake breakers are used roughly to separate fibre from nuts. At 
the end of cake breaker, fibre cyclone at top and nut polishing 
drum at the bottom are installed. Fibre cyclone is used to pull 

up the fibre to the cyclone. Light particles are drained and fibre 
gets settled. The primary concept of fibre cyclone. Next, fibre is 
transferred to boiler as boiler fuel. At the end of cake breaker 
process, only fibres are moved up while nuts move downwards 
to the nut polishing drum. In this section, the nuts rotate in. The 
condition in the drum is airy because the fibre cyclone fan is 
sucks the air from the nut-polishing drum. The nuts are collected 
at the nut bunker. Subsequently, the nuts go through vibrating 
feed in order, to control the nuts that are moved from bunker 
into destoner. Destoner is applied to separate stone, steel, screw 

a b

c

Fig. 1. Flow charts of (a) initial process of FFB, (b) processing of FFB to produce CPO and (c) process flow for kernel plant.
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and other impurities contained in the nut bunker. In the next 
step, a ripper mill is used to crack the nut to get the kernel. This 
equipment has a cylinder rod and rotates at a certain rpm. The 
cracking process is performed when the nuts go through the cylinder 
rod. The rotation is controlled to avoid the kernel from cracking, 
and hence, kernel loss. From the ripper mill, kernel and shell 
are mixed. Hydro cyclones are used to separate the kernel from 
the shell. When kernel and shell are transferred into the cyclone, 
it is rotated with water. In water, the kernel rises and the shell 
is washed over by water. Finally, both shell and kernel are sold.

2.7. Empty Bunch Plant

This plant is responsible for further processing of empty bunches. 
The analysis revealed that oil storage in empty bunch was about 
4%, indicating profit upon extraction. Thus, this company has 
designed and installed an empty bunch plant to extract oil. Empty 
bunches from thresher are transferred to empty bunch press cutter. 
Here, the empty bunches are cut into small pieces, pressed to 
extract liquid called jus that contains about 4% oil. Next, the oil 
is transferred to oil clarification section to be mixed with oil gen-
erated from screw press. This factory is the first in Malaysia to 
have built empty bunches cutter and press.

2.8. Evaporators Plant

The evaporator is applied to generate POME from the final sludge. 
This equipment has been built to minimize emission of final effluent 
into wastewater treatment plant. The principle reflects the follow-
ing; first, final slurry from the sludge pit is pumped into a retention 
tank and then pumped into the evaporator. Next, the sludge is 
recycled in the evaporator for 90 min. After that, steam flows into 
the evaporator at a rate of 13 t/h, while the vacuum is at 8.15 
× 10-5 atm. This process is continued until sludge becomes more 
dense. The moisture content for POME is about 80% from the 
final sludge. Steam and vacuum pressure are applied to absorb 
the moisture content from the sludge during the recycling process. 
The moisture is cooled down using a cooling tower that generates 
condensation water from moisture in sludge and condensed steam. 
This water is used to clean the evaporator. The complete operation 
is controlled automatically via panel board. The entire process 
carried out in JPOM (Malaysia) and the flow diagram of mass balance 

for 10-ton FFB/h is displayed in Fig. 1 and Fig. S1, respectively. 
In this procedure, the rate of FFB processing based on one ton 
per hour had been considered as the mill industry capacity. As 
for this particular case study, the capacity of the mill was 45-ton 
FFB/h. The boiler was fabricated to provide a maximum rating of 
35,000 kg/h with outlet steam pressure of 29.6 atm and steam temper-
ature at 250°C. The shell, the fibre and the EFB were used as fuel 
for boilers. In this mill industry, one ton of FFB produces 230 kg 
of EFB, 1,925 kg of fibre, as well as 310 kg of shell and dust, as 
portrayed in the flow diagram. Hence, for 45 t FFB/ h mill, 86,625 
kg of fibre, as well as 13,950 kg of shell and dust, are produced. 
The overall net loss for this process is estimated at 12% relative 
to FFB, as displayed in the flow diagram in Fig. S1.

2.9. POME 

Based on the quality of the production process in palm oil mills, 
characterization of POME may differ. The overall characteristics 
of raw POME and the regulatory discharge limits are presented 
Table 1. POME is produced from various processing units in an 
oil mill industry including clarification of sludge, sterilization of 
condensates, hydro cyclone drain-off, boiler blowing down, tank 
and decanters. The four primary stages categorized by Sethupathi 
[18] for POME production are sterilization of FFB, clarification of 
the extracted CPO, hydrocyclone, and separation of cracked mixture 
of kernel and shell. It has been estimated that 0.5-0.75 ton of POME 
can be produced from one ton of palm fruit bunches which contains 
5 kg/t organic matter [19]. This discharge as raw or partially treated 
of the palm industry has high content of degradable organic matter 
that may adversely affect the environment [20]. Since no chemical 
is added during the oil extraction process, this discharge is evaluated 
as a non-toxic effluent. Nevertheless, due to depletion of DO, it 
has been considered as one of the main pollutants for aquatic life. 
Therefore, prior to being discharged into the environment, this partic-
ular effluent should be treated in adherence to several standards 
of the Federal Environmental Protection Agency, World Health 
Organization (WHO); Department of Petroleum Resources refined, 
etc. The wastewater treatment plant that is located 1.5 km from 
the factory supports the sludge produced for a load of 45 ton per 
hour. The plant has dual lines starting with cooling pond, pre-treat-
ment pond, anaerobic pond, aerobic pond, and holding pond. Sludge 

Table 1. POME Characteristics

Parameter Concentration Regulatory discharge limits Unit

Temp 80-90 40 °C

pH 5 ± 0.2 6-9 -

Oil and grease (O&G) 4,000 ± 20 1 mg/L

Biological oxygen demand (BOD) 25,000 ± 1,000 100 mg/L

Chemical oxygen demand (COD) 50,000 ± 2,000 50 mg/L

Total solid (TS) 40,000 ± 1,000 - mg/L

Total suspended solid (TSS) 18,000 ± 500 50 mg/L

Total volatile solid (TVS) 34,000 ± 800 - mg/L

NH3-N 35 ± 1 - mg/L

TKN 750 ± 5 - mg/L

Turbidity 664 ± 4 - NTU
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water from the industry enters into the cooling pond to reduce 
its temperature and retention time for oil to surface and easy to 
collect. Next, CPO is filled on the surface of the pond. After that, 
the sludge water is transferred to pre-treatment pond before entering 
anaerobic and aerobic lagoons. In the anaerobic pond, degradation 
of complex organic wastes generate CH4, CO2, and H2O, while in 
the aerobic pond, aerobes bacteria convert organic waste into biomass 
and CO2 [17]. The sludge water is held for 30 d before the next 
process. In the aerobic pond, sprinklers are installed to provide 
sufficient oxygen to the bacteria. Next, the treated water is held 
for nine days before being discharged into the environment.

3. Analytical Methods

The concentrations of COD, BOD, total Kjeldahl nitrogen (TKN), 
pH, Mixed liquor suspended solids (MLSS), volatile suspended 
solids, Oil and Grease (O&G), Total solids (TS), Total volatile solids 
(TVS), and NH3-N of the system were measured by using standard 
methods for the characterization and examination of water and 
wastewater [21]. For COD, a colorimetric method with a closed 
reflux technique using spectroquant termoreactor (tr 420 Merck, 
Darmstadt, Germany) was used. For BOD, and DO a portable 
BOD/DO meter (HANNA, HI 98193), Hanna Instruments (M) Sdn 
Bhd, Malaysia. Spectrophotometer (pharo 100, Merk, Germany) 
at 600 nm was used to measure the absorbance of COD samples. 
Total Kjeldahl nitrogen (TKN) was determined by TKN meter 
Gerhardt model (vapodest10, C. Gerhardt GmbH & Co. KG 
Cäsariusstr. 97 D-53639 Königswinter). The pH meter model pH 
700 (EUTEC instruments, Singapore) was used to measure the pH. 
Turbidity was measured by a ProDSS 4-port digital sampling system, 
YSI-USA. Shaker incubator (lab tec, DAIHAN IABTEC Co, LTD, 
Korea), was used for incubation.

4. Results and Discussion

4.1. Performance Monitoring of POME Treatment System 
(POMETS)

The JPOM treatment system has been designed to operate at a 
capacity of 60 t FFB/h. Effluent from the mill is treated using 
the pond system. A total of nine ponds are available at the JPOM 

effluent treatment plant, which are: acidification/cooling pond (2 
units), anaerobic pond (4 units), and aerobic/aeration pond (3 units). 
The two primary sources of POME from the mill are raw POME 
from oil room and steriliser condensate. Untreated effluent BOD 
level has the average of 46,400 mg/L, whereas the final discharge 
BOD is reduced to below 100 mg/L before it is discharged into 
water sources. The maximum amount of FFB processed in Jugra 
mill is about 1,000 t FFB/d. Effluent is generated based on a factor 
of 0.65 (processed FFB) t/h. Hence, the maximum effluent produced 
in day is approximately 650 t/d. The flow chart for JPOM effluent 
treatment plant is illustrated in Fig. S2. 

Anaerobic digestion is the most important conventional method 
that appears to be practical for POME treatment due to its high 
organic content. Organic biodegradable materials are degraded to 
methane and carbon dioxide as biogas via three primary steps, which 
are: hydrolysis, acidogenesis, and methanogenesis. During the hydrol-
ysis process, acidogenesis bacteria are used to break hydrogen gas, 
carbon dioxide, acetates, and volatile fatty acids (VFA) into organic 
materials. Next, methanogenesis bacteria produce methane gas. Both 
acidogenesis and methanogenesis processes demand varying pH and 
temperature values for process controlling, as further elaborated 
in the following section. Another essential factor is hydraulic re-
tention time (HRT), wherein POME is maintained in both anaerobic 
and aerobic pond systems for digestion process. The HRT and BOD 
level of the final discharge after treatment in anaerobic and aerobic 
ponds were calculated and tabulated Table 2.

4.2. Discussion of Performance Monitoring Results

4.2.1. Temperature
Digesting temperature is the basis parameter of the microbial pop-
ulation existence, particularly the variety of the methanogen com-
munity in the anaerobic pond [22]. Bacteria in the anaerobic pond 
are susceptible to their environmental temperature. There are two 
common temperature levels used in the conventional anaerobic 
digestion, which are mesophilic bacteria and thermophilic bacteria 
active in the range of 35-40°C and 55-60°C, respectively [23].

Most of the anaerobic process is done in the mesophilic condition 
due to more stable process and lower energy consumption compared 
to the thermophilic condition. Moreover, microbial diversity 
decreases with increasing temperature in anaerobic pond, which 
would negatively affect process performance [24]. Therefore, a vari-
ous microbial population is projected under a mesophilic condition, 

Table 2. Calculation of HRT and BOD of the Anaerobic and Aerobic Ponds

Anaerobic treatment stage Aerobic treatment stage

Total volume of the ponds (m3), (anaerobic 4 ponds and aerobic 3 ponds) 102,200 35,700

Input BOD level to anaerobic stage (mg/L) 46,400 811

Hydraulic retention time for anaerobic stage (day) 157 55

Output BOD level (mg/L) after anaerobic treatment is determined by using 
the first-order kinetic formula 
Li = Input BOD level of effluent
k = Constant value of 0.358
t = Hydraulic retention time 




811 (output) 39 (final discharge)
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which could be advantageous to degrade several types of organic 
matters [25]. In this monitoring stage, two daily data from the 

Fig. 2. The raw effluent temperature in cooling pond 2.

start until middle of six months' operation were analysed to assess 
the performance. It should be noted that the raw POME effluent 
temperature was approximately 85°C, decreased after being trans-
ferred into the two cooling ponds. The graph in Fig. 2 shows the 
temperature trend in the second cooling pond outlet before entering 
the anaerobic pond. It was noted that temperatures in April and 
May 2017 were higher than the rest. Cooling pond outlet temperature 
found to be most of the time above 40oC but did not exceed upper 
control limit (UCL) 49oC. Failure to control temperature rise can 
cause biomass washout of VFA accumulation because of inhibition 
of methanogenesis. At high temperatures, VFA production is higher 
compared to mesophilic condition [26]. Hence, these mill operators 

prefer to have digesters operating in mesophilic temperature due 
to better process stability.
4.2.2. pH
The pH of anaerobic pond has been reckoned as one of the most 
significant operational parameters that heavily affect the metabolic 
pathways of anaerobic bacteria, especially methanogens bacteria. 
Methanogenesis is affected by pH. As such, methanogenic activity 
will decline when pH in the pond deviates from the optimum 
value. Optimum pH for most microbial growth is between 6.5 and 
7.5. When the pH drops below 6.5, methanogens bacteria becomes 
inactivated and unable to convert all VFA into methane and other 
by-products [27]. Increased VFA leads to a drop in the pH of the 
pond and this worsens the situation. Hence, monitoring the pH 
value is crucial for every anaerobic pond and prompt remedial 
action should be taken to sustain the physical condition of the 
pond. Variation of pH in anaerobic pond is influenced by buffering 
capacity, which primarily refers to bicarbonate and carbon dioxide. 
The simultaneous presence of bicarbonate and ammonia, which 
are by-products of methanogenesis activity, causes a buffer for-
mation state in the anaerobic pond, hence providing proper buffering 
capacity. This ammonium bicarbonate, which is alkaline, enhances 
the pH of raw POME (4 to 5) and maintains the pH of pond to 
almost neutral [28]. As such, a correct balance line should be 
maintained between acidogenesis and methanogenesis activities 
by anaerobic bacteria in maintaining the pH of pond at almost 
constant. Low pH reading in anaerobic pond is not operationally 
appropriate and quick action is demanded. First, feeding of POME 
into this pond should be stopped or minimised. Second, recycling 
seed sludge from proper pH pond should be flowed back to the 
inlet of the pond that faces the distraught condition. Recycling 

a b

c d

 

Fig. 3. pH variation trend of POME in anaerobic ponds: a) A1, b) A2, c) B1, and d) B2.
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must be done until the pH of the troubled pond improves to a 
normal level. Next, raw POME can be fed into the pond with close 
monitoring of its pH. The pH results of the anaerobic ponds are 
presented in Fig. 3. Two daily data were selected from the start 
until middle of the month. The pH of anaerobic pond A1 shown 
in Fig. 3(a) was satisfactory during the period of study except 
in mid May 2017. It can be seen that pH dropped to 6.3 and attained 
lower control limit (LCL). High loading of POME into this pond 
led to a drop in the pH value. The pH for anaerobic pond A2 
was also relatively unstable. In mid-May 2017, and early June 
2017, the pH level was below LCL as exhibited in Fig. 3(b). This 
result is attributable to the sudden increase in FFB processing. 
It is emphasised here that the pH of UCL, as given in the graph, 
could lead to food starvation amongst the anaerobic bacteria if 
the pH exceeds this level. As displayed in Fig. 3(c), the pH for 
anaerobic pond B1 appeared suitable at the time of study, except 
in early August 2017, in which the pH level was lower than LCL 
at 6.3. High loading of POME into this pond decreased the pH. 
August 2017 also witnessed processing of high volume FFB. Based 

on Fig. 3(d), the pH for anaerobic pond B2 was steady and stable 
during most of the test period. The pH in the beginning displayed 
the most stable trend at LCL level, while a fluctuating trend was 
observed from May until September at UCL level. In short, the 
pH value increased from one pond to another.

4.2.3. BOD
The BOD is defined as the amount of oxygen used by microorganisms 
to which biologically decompose organic matter in wastewater with-
in specified time and temperature. The more massive the organic 
content is, the higher is the oxygen demand to decompose organic 
matter, thus causing relatively higher BOD outcomes [29]. Two 
daily data were selected from start until middle of the six months' 
operation in order to study the BOD of the ponds, as well as to 
assess reliable data for operative management in light of wastewater 
quality. Fig. 4 shows the BOD for the studied anaerobic ponds. 
The anaerobic pond is the primary treatment stage and reduces 
the organic load in the wastewater. A series of four with effluent 
being transferred from the anaerobic pond to the facultative pond 

a b

c d

e

Fig. 4. BOD variation trend of POME in anaerobic ponds: a) A1, b) A2, c) B1, d) B2, and e) final discharge.
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and, finally, to the aerobic pond. Fig. 4(a) shows that the BOD 
for pond A1 was acceptable at the time of study, except during 
mid-August and early September 2017, in which the BOD level 
exceeded UCL (2,769-4,151 mg/L).

Remaining BOD in effluent after treatment in an anaerobic pond 
transferred to the second anaerobic pond. Next, Fig. 4(b) indicates 
that the BOD results for anaerobic A2 pond were suitable for early 
September 2017, but the BOD exceeded UCL (2,567-3,679 mg/L) 
in August-September due to the higher processing of FFB that 
extended the processing hours. Fig. 4(c) illustrates the trend for 
BOD in anaerobic pond B1 had been satisfactory during the monitor-
ing period, except in August and September 2017. The BOD reading 
for the two months exceeded UCL (689-1,500 mg/L). Fig. 4(d) exhibits 
a similar trend for anaerobic pond B2. High POME was produced 
due to peak crop season, which demanded extended milling hours. 
Hence, High loading of POME into this pond increased the amount 
of BOD. Anaerobic bacteria in these four ponds convert organic 
carbon into methane and through this process, remove up to 60% 
of the BOD (558-1,355 mg/L). The effluent from the anaerobic pond 
is transferred to the aerobic ponds. In aerobic treatment ponds, 
aerobic microorganisms use DO to degrade the organic matter into 
carbon dioxide, water and cell biomass. In this pond, BOD reductions 
of up to 95% and decrease in the concentration of nutrients and 
pathogens in effluent happened. It is evident from Fig. 4(e) that 
the BOD for final discharge in aerobic pond 2 was well-controlled 
during the period of evaluation and all the reading values were 
below UCL (100 mg/L). It is apparent that, while the anaerobic 
ponds seem to be unable to reduce the pollutant concentration 
for most of the operating conditions below the standard limits 
of 100 mg/L for BOD and aerobic pond will enable the concentration 
of pollutants to be reduced to well below such limits. In such 
cases the effluent can be safely discharged into rivers without 
further treatment. Hence, the effluent was able to meet the discharge 
standard of BOD.

4.2.4. SVI
In the biological reactor such as the aeration tank, the micro-
organisms biochemically convert organic matter contained in POME 
to carbon dioxide, water, energy and biomass. The next significant 
step is to separate biomass from mixed liquor which occurs in 
the aerobic pond. The biomass (sludge) should have good settling 
properties to efficiently separate from solid and to clear the final 
effluent discharge. The SVI refers to a measure of the settling ability 
characteristic of the biomass. A smaller SVI value displays better 
settling property of the sludge [30]. The SVI test adheres to a simple 
procedure that uses a 1,000 mL measuring cylinder filled with 
the sample of mixed liquor. The data on settled sludge volume 
after 30 min and suspended solid were used to compute the SVI, 
wherein SVI below 50 mL/g signifies good settling ability of the 
mixed liquor. Fig. 5(a) exhibits that the result was below 50 mL/g, 
which shows remarkable SVI. Next, Fig. 5(b) B1 shows that the 
SVI reading for all ponds were below 30 mL/g. The highest SVI 
was recorded for the first aerobic pond, A1. Based on Fig. 5(c), 
the final discharge of SVI appeared to be lower than 10 mL/g most 
of the time, indicating good settling ability for biomass/solid in 
aerobic ponds. The settleability and compactness of activated sludge 
are directly related to floc structure. The floc structure is the key 

factors in determining the SVI, which further affecting the biological 
removal efficiency [31]. Hence, the results obtained shows the 

a

b

c

Fig. 5. SVI variation trend of sludge in aerobic ponds: a) A1, b) B1, 
and c) A2.

improvement of the ability of the sludge to settle and compress 
resulted in decreasing SVI.

4.2.5. DO
The DO is one of the most critical measurements parameters in 
aerobic biological treatment system [32]. Aerobic bacteria require 
DO to live and carry out microbiological activities. Two daily data 
selected from the start until middle of six months' operation were 
used to assess the performance outcomes. Wastewater may contain 
various concentrations of DO. The DO level recorded for the entire 
aerobic pond was analysed. The levels in aerobic ponds A1, B1 
and A2 are displayed in Fig. 6(a)-(c), respectively, which seemed 
normal as it was mostly below 2 mg/L.
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The DO concentration in pond A1 is low and fluctuated from 
0.4 to 1.4 mg/L. This phenomenon was attributable to the high 

a

b

c

Fig. 6. DO variation trend of aerobic ponds: a) A1, b) B1, and c) A2.

organic loadings in this pond which caused the DO to be effectively 
consumed by the degraders. Two surface aerator units were installed 
at aerobic ponds A1 and B1 to enhance the aeration process.

5. Conclusions

This research investigated the processes involved in palm oil mill 
by conducting a case study of JPOM, situated at Selangor, Malaysia. 
The mill performance with capacities of 45 t/h and 1,000 t/d FFB 
had been examined. In this mill industry, one ton of FFBs produced 
230 kg of EFB, 1,925 kg of fibre, as well as 310 kg of shell and 
dust. Therefore, for 45 tons of FFB/h mill, 86,625 kg of fibre and 

13,950 kg of shell and dust were produced. The overall net loss 
for this process was estimated at 12% relative to FFB. Effluent 
generated from the mill was treated via anaerobic and aerobic 
pond systems. Due to the rising waste production, nine ponds 
have been used at JPOM as effluent treatment plant, inclusive 
of acidification/cooling pond (2 units), anaerobic pond (4 units), 
and aerobic/aeration pond (3 units). BOD for final discharge reduced 
from 46,000 mg/L to below 100 mg/L prior to being discharged 
into water sources. By controlling the effective parameters of the 
pond system in an efficient manner, this industry has been thriving 
in the environmental monitoring aspect waste management by treat-
ing POME in accordance to standard regulations. 
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