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Abstract. The acclimatization and performance study of palm oil mill effluent (POME) are carried out in
closed anaerobic digester at mesophilic temperature of 35°C. Several of hydraulic retention time (HRT) is
conducted at the 12, 10, 8, 6, 4, and 2 days of HRT, which correspond to the feed flow-rates as 0.375, 0.450,
0.563, 0.750, 1.125 and 2.250 liters of raw POME per day. The performance study showed that the Chemical
Oxygen Demand (COD) removal efficiency is 87.08% for 12 days of HRT. While shorter the HRT, the COD
removal efficiency was reduced within the range of 63.87% and 38.20% between 10 days and 2 days of HRT.
Besides, the biomass concentrations are in the range of 20958 mg MLVSS/l for 12 days of HRT and
increased to 43228 mg MLVSS/l for 2 days of HRT. Moreover, the total alkalinity increased from 5902 until
7716 mg CaCO3/l, respectively from the HRT of 12 days until 2 days.

Keyword: Palm oil mill effluent; closed anaerobic digester; hydraulic retention time; chemical oxygen
demand.

1. Introduction
Malaysia is one of the largest producers and exporters of palm oil in the world, accounting for 11% of
the world’s oils & fats production and 27% of export trade of oils & fats [1]. POME is highly polluting
wastewater which is organic in nature and contains oil and carotenes. POME is a thick, brownish in color
liquid with a discharged temperature of between 80 and 90 ºC, being fairly acidic in the range of 4.0 – 5.0 [2].
It generated through oil extraction processes has a great impact to the industry [3]. In the process of palm oil
milling, POME is generated through sterilization of fresh oil palm fruit bunches, clarification of palm oil and
effluent from hydro cyclone operations [4]. During palm oil extraction, about 1.5 tones of POME is produced
per tone of fresh fruit bunch (FFB) processed by the mill [5]. It is a colloidal suspension containing 95-96%
water, 0.6-0.7% of oil and grease, and 4-5%of the total solids. Since the POME is considered as polluting
contaminants due to its high organic load, POME has to be treated before being released into the
environment [6].
In terms of energy requirement for POME treatment operation, anaerobic digestion has a stronger
advantage over the other alternative methods as it does not require energy for aeration, where dissolve the
oxygen into the system, as low energy requirement [7] involved, and involved the process of hydrolysis,
acidogenesis, and methanogenesis to convert the complex molecules into simpler end products, and produce
biogas. The utilization of methane gas as a renewable energy from the anaerobic digestion can be used to
obtain certified emission reduction (CER) credit by clean development mechanism (CDM) under the Kyoto
protocol [8]. Besides helping to reduce carbon emission to the environmental, CDM has the advantage to
offer developing countries such as Malaysia to attract foreign investments to sustain renewable energy
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projects [9]. Methane gases as a final product from the anaerobic digestion which can be used to generate the
electricity [10].

2. Material and Method
The suspended closed anaerobic reactor is shown in Figure 1. The reactor comprises of the electronic
heat sensor, pH probe, and electronic stirrer. The reactor was maintained at constant desired temperature of
35 ºC using controller heat sensor. HRT was adjusted volumetrically through controlling the flow rate of the
influent feed. Mixed and effluent samples were taken from the reactor tank after 24 hours for analysis at each
batch of HRT with the manual pump. The samples were subjected to the analysis of the following parameters
such as COD, pH, alkalinity, suspended solids and volatile suspended solids based on the American Public
Health and Association (APHA) standard methods for water and wastewater analysis (APHA 2005). The
anaerobic reactor was monitored constantly to ensure the smooth operation. The start-up of the SCAR
involved step increasing in influent organic volumetric loading rates from higher retention time to lower
retention time of 12 to 10, 8, 6, 4, and 2 days, which correspond to the feed flow-rates as 0.375, 0.450, 0.563,
0.750, 1.125 and 2.250 liters of raw POME per day. The acclimatization phase was used the feed flow-rate of
0.375 liters which correspond to the HRT of 12 days for about 27 days to allow all the microorganisms
present in the mixed liquor perfectly acclimatized to the new environmental.
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Figure 1: Schematic diagram of the laboratory suspended closed anaerobic reactor (SCAR) - Anaerobic digestion
reactor tank.

3. Result and Discussion
3.1. Acclimatization Study of SCAR
Acclimatization process of the SCAR is done with the feed rate as 0.375 liters/day which corresponds to
HRT of 12 days to allow the anaerobic bacteria which present in the mixed liquor entirely will acclimatize to
the new environmental in the reactor. The acclimatization phases of each parameter are achieved with the
steady state as shown in Figure 2 and 3. The pH of the reactor is decrease gradually from 6.95 to 5.09 on
operation days between 0 days and 14 days as shown in Figure 2. This is due to bacteria in the SCAR break
down the sugar, fatty acids and amino acids from the feed materials into organic acids which mainly consist
of acetic acid together with hydrogen and carbon dioxide [10]. It indicates that the acidogenesis phase had
occurred in the SCAR during operation process. On the operation day of 15th to 19th, the pH reading showed
fluctuation between value of 5.11 and 5.17. For the next 8 days, the reading of the pH starts increasing
slightly from 5.21 to 5.32 until the day of 27th. The pH slightly increased about 0.11 to 5.32 in these 8 days
of operation was indicated that the SCAR had already reached the stability of the anaerobic digestion process.
The initial concentration of MLVSS is 34190 mg/l as shown in Figure 2. The concentration of MLVSS
decreases to 8940 mg/l respectively for the next 7 days of operation. In this stage, it is believe that the
reducing concentrations of the biomass growth is related to the bacteria which are still trying to adapt the
new environmental in the SCAR reactor in the beginning. Hence, the anaerobic digestion process is time
consuming as bacterial consortia responsible for the degradation process requires time to adapt to the new
environmental before start to consume on organic matters to grow [11]. On the 8th operation day, the
concentration for MLVSS is 10140 mg/l and then gradually increases to 19870 mg/l for the next 12 day. In
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this stage, the increase concentration of bacteria is due to the bacterial had already adapt the new
environmental and can effectively consume on organic matters to grow. On the 21st day of operation, the
concentration of the MLVSS remains constant for the next 6 operation days, with on the range between
20680mg/l and 21000 mg/l. The stationary phase of MLVSS concentration is reached in this time periods.
This demonstrated that SCAR is capable to holding high organic strength of POME wastewater. The initial
concentration of alkalinity is 5480 mg CaCO3/l as shown in Figure 2. The alkalinity are greatly reduces to
3330 mg CaCO3/l on the 1st day of operation, and increase gradually to 4280 mg CaCO3/l for the 9th days of
operation. The acidogenesis phase occurred in the SCAR with the reduced of pH as shown in Figure 2 due to
accumulation proving an optimal environmental for the acidogenesis bacteria [12]. For the next 8 days of
operation, the concentration of alkalinity gradually increased from 4890 to 5910 mg CaCO3/l. The increase
of concentration alkalinity is due to increasing concentrations of ion calcium from CaCO3 significantly
improved the bacteria growth under acidogenesis conditions. The system regained the stability state for the
remaining 8 days, until 27th day of operation with the concentration of alkalinity fluctuated between 5870 to
5950 mg CaCO3/l. The initial COD effluent concentration is 12475 mg/l and the percentage removal
efficiency is 84.93% as shown in Figure 3 until 10th day of operation, with 26250 mg/l as a peak
concentration. Meanwhile, the removal efficiency is decrease to 68.93% on the 10th day of operation. This is
because the bacteria are tried to adapt the new environmental, concurrently the pH of SCAR reduced at
initial stage start from pH 6.95 to pH 5.11. This due the acid-producing bacteria grow faster than the methane
forming bacteria, the excess acid which formed because the pH drops, thus affect the performance of the
bacteria inside the reactor [13]. The COD effluent concentration is decreasing to 12250 mg/l for the 20th day
of operation. Meanwhile, the removal efficiency is increased up to 86% on the 20th day. The decreasing of
concentration of COD effluent and increase of the percentage removal efficiency is due the bacteria already
acclimatize oneself to the new environmental and increase the biomass in the SCAR reactor, with sufficient
to removal the concentration of COD during the process. Since from Figure 2, the biomass MLVSS are keep
increasing and remain constant in the operation days from 21st to 27th can be said already achieve the
optimum condition in anaerobic biomass in this acclimation process, as a results the effluent COD will
decrease and the removal efficiency will increase until each achieve a maximum condition. Therefore the
effluent COD fluctuated between 11550 mg/l and 11350 mg/l while the removal efficiency also fluctuated at
86.78% to 87.19% for the remaining 7 days of the operations. The acclimatization periods of SCAR is
already completed in these 7 operation days.
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Figure 2: MLVSS, Alkalinity and pH variation of SCAR during acclimation process
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Figure 3: Effluent COD and % removal COD variation of SCAR during acclimation process

3.2. Performance Study of SCAR at various HRT
Table 1 summarized the steady state performance of SCAR at six different HRT of 12, 10, 8, 6, 4, and 2
days. The variations of the percentage of COD removal efficiency increased from 2 until 12 days. Hence the
COD removal efficiency was in the range of 38.20 % until 87.08%. The higher COD removal efficiency for
the SCAR is 87.08% for 12 days of HRT. The COD removal efficiency becomes poorer at the shorter HRT.
This was largely due to the wash-out phase of the reactor since the concentration of biomass increased in the
system reactor as shown in Table 1. The pH inside the reactor show that the acidogenesis phase occurs in the
system. The alkalinity concentration of SCAR decreased from 7716 until 5902 mg CaCO3/l by the HRT of 2
until 12 days. The increased of the concentration of alkalinity is due to increase of organic loading rate since
increase of the biomass in the system from 12 day to 2 day of HRT, thus alkalinity produced to reduce the
accumulation of VFA. The higher alkalinity level indicates that the bacterial groups were in equilibrium. As
results, the performance of SCAR could maintain active in acidogenesis activity.
Table 1: Experimental results obtained under steady state condition at six different HRT

Parameter
pH in SCAR
Effluent COD
(mg/l)
COD removal efficiency
(%)
MLVSS in SCAR
(mg/l)
Alkalinity in SCAR
(mg CaCO3/l)

Average concentration for HRT (day) of
12
5.26
11420

10
5.36
27590

8
5.54
29370

6
5.53
34340

4
5.34
35370

2
5.20
40230

87.08

63.87

58.10

54.30

48.18

38.20

20958

30368

31246

30012

35144

43226

5902

6620

6706

7098

7492

7716

4. Conclusion
As a conclusion, when shorter the HRT, organic loading rate will increased, thus will increase the
bacteria growth in the reactor. As a results, this will cause the concentration of the COD effluent increased
with reduced the removal efficiency of the COD. The system stressed to obtain a maximum COD loading
rate in a short period of time [14].At the same time, it will increase the total alkalinity since increase of the
acidogenesis bacteria growth rise the VFA in the system, thus more alkalinity needed to buffering the
capacity of anaerobic degradation system. Throughout this research study, it can be concluded that the
suspended closed anaerobic reactor (SCAR) effective to treating the high strength wastewater of POME at
different HRT. The optimum performance HRT of the COD removal efficiency is 12 days with removal
efficiency of 87.08%, respectively.
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