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Chemical Digestion of Palm Oil Mill Effluent (POME) 

Joshua Bajau 

Department of Chemistry 

Faculty of Resource Science & Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Palm oil industry in Malaysia shows a rapid growth as global demand is increasing. 

Consequently, the production of waste, especially palm oil mill effluent (POME) increases along 

with the palm oil production. The environment is in jeopardized as recent treatments method 

cannot meet the increasing volume of POME. Thus, chemical treatment is proposed as another 

alternatives method in order to develop an efficient and fast treatment for POME. In this study, 

chemical (oxidants) is used to remove biochemical oxygen demand (BOD) and chemical oxygen 

demand (COD) of POME. The best chemical is chosen between two common oxidants; 

hydrogen peroxide (H2O2) and sodium hypochlorite (NaOCl). The best chemical is chosen base 

on percentage of COD and BOD reduction and cost efficiency. Under proper condition, the 

percentage of COD reduction can be up to 95.28 % and BOD reduction up to 73.91%.  

Keywords: Palm oil mill effluent, hydrogen peroxide, chemical oxygen demand, sodium 

       hypochlorite, biochemical oxygen demand.         

 

 

ABSTRAK 

 

Industri minyak sawit di Malaysia menunjukkan pertumbuhan yang pesat kerana permintaan 

global yang semakin meningkat.Oleh itu, pengeluaran bahan buangan, terutama efluen kilang 

sawit (POM E) turut meningkat seiring dengan pengeluaran minyak sawit. Kualiti alam sekitar 

terancam dan sedikit sebanyak terjejas kerana kaedah rawatan efluen kilang sawit pada masa 

ini tidak dapat menampung jumlah efluen yang semakin meningkat Justeru, rawatan 

menggunakan bahan kimia dicadangkan sebagai kaedah alternative dalam usaha untuk 

membangunkan kaedah rawatan yang berkesan dan cepat untuk efluen kilang sawit. Dalam 

kajian ini, bahan kimia (oksida) yang digunakan untuk mengurangkan “Permintaan Oksigen 

Biokimia” (BOD) dan “Permintaan Oksigen Bahan Kimia”(COD) POME. Bahan kimia yang 

terbaik dipilih antara dua oksida; hidrogen peroksida (H2O2) dan natrium hipoklorit (NaOCl). 

Bahan kimia yang terbaik dipilih berdasarkan peratusan pengurangan COD dan BOD serta kos 

yang berpatutan. Di dalam keadaan reaksi yang sesuai, peratusan pengurangan COD boleh 

yang dicapai adalah sehingga 95,28% dan pengurangan BOD sehingga 73.91%. 

 

Kata kunci  :Efluen kilang sawit, hidrogen peroksida,permintaan oksigen bahan kima (COD) 

        natrium hipoklorit dan permintaan oksigen biokimia (BOD). 
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CHAPTER 1 

INTRODUCTION 

1.1 General Introduction 

 

Palm oil industry in Malaysia has shown a rapid growth from the past few decades. 

According to Malaysian Palm oil Board (MPOB, 2011), the oil palm planted area in 2011 

reached 5.00 million hectares, an increase of 3.0% against 4.85 million hectares recorded the 

previous year. Crude palm oil (CPO) production in 2011, increase by 11.3% to reach a record 

high of 18.91 million tons. Sarawak’s CPO production increased by 23.7% to 2.7 million tons  

while Sabah and Peninsular Malaysia increased by 9.9% and 9.2% to  5.84 million tons and 

10.37 million tons respectively (MPOB, 2011). The industry has become one of the major 

exports income sources for the country and contribute to the increase of living standard for 

Malaysian (Wu et al., 2009).    

Despite the increase in production of CPO, there is also significant increased in the 

amount of waste produced by the industry. As for each ton of CPO produced from the fresh fruit 

bunches, approximately 6 tons of waste palm fronds, 5 tons of empty fruit bunches, 1 ton of palm 

trunks, 1 ton of press fibre (from the mesocarp), 500 kg of palm kernel endocarp, 250 kg of palm 

kernel press cake, and 100 tons of palm oil mill effluent (POME) is generated (Foo &Hameed, 

2010). POME is the thick brownish viscous liquid waste discharged from the palm oil mills 

during the extraction of palm oil from the fruits and is has an unpleasant odor. It is 

predominantly organic in nature and highly polluting (Ahmad et al., 2007).  
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By nature, fresh palm oil mill effluent has a voluminous colloidal suspension with 95–

96% of water, 0.6–0.7% of oil and 2–4% suspended solids, originated from the mixed stream of 

sterilizer condensate, separator sludge and hydrocyclone wastewater, empty fruit bunches and 

stalk materials after fruit stripping (Foo &Hameed, 2010). The palm oil mill industry in Malaysia 

has thus been identified as the one discharging the largest pollution load into the rivers 

throughout the country (Wu et al., 2007; Hwang et al., 1978). Due to this reason, the standard of 

POME discharge (Table 1) has been set since 1978 in order to protect the environment from 

pollution. BOD was the key parameter in the standards (MPOB, 2012). From the initial BOD 

standards of 5000 mg/L of the treated POME, reduced to the present BOD standards of 100 

mg/L. 

Palm Oil Mill Effluent Discharge Standards 

*Parameter Std. A Std. B Std. C Std. D Std. E Std. F 

1978 1979 1980 1981 1982 1984 

 

pH 5-9 5-9 5-9 5-9 5-9 5-9 

Biological Oxygen 

Demand (BOD) 

5000 2000 1000 500 250 100 

Chemical Oxygen 

Demand (COD) 

10000 4000 2000 1000 1000 1000 

Total Solids 4000 2500 2000 1500 1500 1500 

Suspended Solids 1200 800 600 400 400 400 

Oil and Grease 150 100 75 50 50 50 

Ammoniacal Nitrogen 25 15 15 10 150 100 

Total Nitrogen 200 100 75 50 50 50 

Temperature (ºC) 45 45 45 45 45 45 

*Units in mg/L except pH and temperature 

Table 1: POME discharge standards for crude palm oil mills (MPOB, 2012). 
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Untreated or partially treated POME contains an extremely high degradable organic 

matter (Nwoko&Ogumyemi, 2010). These result in the high value of BOD and COD (Table 2.0) 

which is the main cause of environmental pollution (Siew, 2011). It is considered as non toxic, 

but identified as a major source of pollution by depleting dissolved oxygen when discharged 

untreated (Parveen et al., 2010; Khalid, 1992). On the other hand, it also contains vital nutrients 

elements for plants growth such as nitrogen (N), phosphorus (P), potassium (K), magnesium 

(Mg), and calcium (Ca). POME is biodegradable and can be decomposed due to microbial 

activity which gives benefits either chemically or physically to soil such as increases organic 

matter, organic carbon, major nutrients, water-holding capacity and porosity. However, the effect 

occurs very slowly and need many years to provide significance results (Nwoko&Ogumyemi, 

2010).  

Characteristic of POME 

*Parameter Mean Range 

pH 4.2 3.4-5.2 

Biological Oxygen Demand 25000 10250-43750 

Chemical Oxygen Demand 51000 15000-100000 

Total Solids 40000 11500-79000 

Suspended Solids 18000 5000-54000 

Volatile Solids 34000 9000-72000 

Oil and Grease 6000 130-18000 

Ammoniacal Nitrogen 35 4-80 

Total Nitrogen 750 180-1400 

*Units in mg/L except pH 

Table 2: Typical characteristics of POME sample (MPOB, 2012). 
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Over the years, there has been an increasing concern for the environmental risk of 

POME. Thus, researcher over the country conducted many research in order to search for the 

best way to treat POME. Pond system is the most conventional method for treating POME but 

other processes such as aerobic and anaerobic digestions, physicochemical treatments and 

membrane filtration may also provide the palm oil industries with a possible insight into the 

improvement of current POME treatment process (Wu et al., 2009). 

 However, the treatment that is based mainly on biological treatments of anaerobic and 

aerobic system, is quite inefficient to treat POME, which unfortunately leads to environmental 

pollution issues (Wu et al., 2009; Ahmad et al., 2005). This is because the high BOD loading and 

low pH of POME, together with the colloidal nature of the suspended solids, render treatments 

by conventional methods is difficult (Wu et al., 2009; Olie&Tjeng, 1972). A detailed cost 

calculation for Indonesia has shown that the conventional system of POME treatment, such as 

the pond system, is not only the system with the highest environmental pollution and the lowest 

utilization of renewable resources, but also the system giving rise to the lowest profit (Wu et al., 

2009; Schuchardt et al., 2005). 

The current methods of treating POME using pond system takes a very long time for it to 

break down to reach allowable COD and BOD level for discharge.The main reason is due to 

slow microbial action. Chemical reaction is generally faster than biological means. Therefore, if 

a suitable chemical reaction is developed, it can help to speed up the treatment of POME. 

Moreover, recently there is growth of interest in oxidative processes to meet goals of water and 

wastewater treatment (Torsten et al, 2013). Since oxidative processes are a newly developed 

technology, an optimized technical use requires a profound understanding of chemistry of 

oxidant species including formation of oxidation byproducts.  
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Oxidative processes, if being study and implemented comprehensively can bring a new 

hope in the recovery of POME without needing more aerobic and anaerobic ponds. Waste with 

large amount of organic matter such as POME is easy to oxidize compare to wastewater 

containing inorganic compounds and heavy metals from heavy industrial wastewater. Therefore, 

oxidative processes can be considered as a potential alternative technology to be developed in 

recovering POME instead of ponding system alone. 

 

1.2 Objectives 

The objectives of this project were: 

 To determine the best chemical for the digestion of POME 

 To determine the best condition for the reaction of the digestion of POME 

 To determine the efficiency of chemical digestion on POME 
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CHAPTER 2 

LITERATURE REVIEW  

 

 

2.1 POME Treatments in Malaysia 

 

In practice, it has been observed that palm oil miller prefer simple low cost wastewater 

treatment technology especially ponds or lagoon systems (Ahmad, 2007). The pond systems 

have been applied in Malaysia for POME treatment since 1982 and they are classified as waste 

stabilization pond (Picture 1.0). Ponding systems are low cost, easy operating systems (Parveen 

et al., 2010). The drawback from this cheap and easy method including the water depletion 

which contribute to water pollution (Ahmad, 2007). Other than that, ponding system occupy a 

vast amount of land mass, give out bad odour and having difficulty in maintaining liquor 

distribution and gas collection which harm the environment. Besides, some mills practicing a 

land application as an alternative method to dispose POME. This has cause clogging and water 

logging of the soil and kills vegetation on contact (Parveen et al., 2010) as POME degradation is 

very slow. 
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Figure 1: palm oil mill ponding system  

 

The organic substance of POME is generally biodegradable; therefore treatment by 

biodegradable process could be suitable, which are based on anaerobic, aerobic and facultative 

processes (Parveen et al., 2010). Anaerobic process or biological treatment has considerable  

advantages over other processes.By means of activated sludge, biological treatment, in suitable 

condition has advantages in the destruction of organic compounds (Monika, 2008). Thus, the 

interest in anaerobic hybrid technology (combination of different anaerobic systems into a single 

bioreactor) has grown in recent years, as it couples the recovery of usable energy with good 

process efficiency and stability (Zinatizadeh et al., 2006).  
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However, such biological practices are only applicable in the palm oil mills which acquire 

large area of lands. According to Ahmad et al. the treatmentprocess that is based mainly on 

biological treatment isinefficient in treatment of POME, which may lead to several 

environmental pollution issues. This is largely due to the high BOD load and low pH of POME, 

together with the colloidal nature of the suspended solids, which renders POME treatments by 

environmental methods difficult (Parveen et al., 2010). Besides, slow treatment process of 

biological practices also lead to POME piled up with the production of ~5 million tons of POME 

per day. 

 

2.2 Chemical Digestion 

 

Chemical digestion is the application of chemicals (oxidants) to break down organic pollutant 

into oxygen through oxidation reaction. Although, chemical oxidation has been used widely in 

reducing COD and BOD value of industrial waste-water, sewage, wastewater sludge, and 

agricultural wastewater, it is still new in POME treatment. Since the COD and BOD content of 

wastewater are identical with POME, the oxidation technology of wastewater treatment can be 

adopted in POME treatment. 
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The primary function of chemical oxidation is to destroy a pollutant such as mineralization of 

an organic matter or to modify its structure (Tunay et al., 2010) which is the reason of high COD 

and BOD loads. One of the advantages of chemical oxidation is its almost innumerable modes of 

operation as far as the oxidants, combination of methods and environmental conditions are 

concerned (Tunay et al., 2010). In chemical oxidation processes, oxidation of organic 

compounds willusually yields more oxidized compound which are in most cases more easily 

biodegradable than the former ones (Rashed et al., 2005). This is the general idea that yields to 

the combination of a chemical oxidation processes.  

Besides, chemical oxidation is a fast reaction especially in high temperature. According to 

Awan, the percentage of COD reduction of tanneries wastewater using NaClOis up to 57% at 

100ºC and the reaction only take 5 minutes to complete. While at room temperature, the 

percentage of COD reduction just slightly reduced to 55% but the reaction require 24 hours to 

complete (Table 3.0). 

Oxidant Temperature (ºC) Duration (minutes) COD reduction (%) 

Hydrogen peroxide 100 5 46 

50 90  29 

25 1440 44 

Sodium hypochlorite 100 5 57 

50 90 45 

25 1440 55 

Calcium hypochlorite 100 5 76 

50 90 61 

25 1440 68 

Table 3:COD reduction by hydrogen peroxide, sodium hypochlorite and calcium hypochlorite at 

different temperatures and durations. Initial COD of the sample was 3413 mg/L (Awan, 2004). 
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Awan Ali stated that in the usage of H2O2, the interference in the determination of sample 

COD after treatment may occurs if H2O2 added in slight excess due to the remaining peroxide 

that contribute to higher COD value (Awan, 2010; Sreeram, 1998). 

In another research,Yuan et al., 2010,stated that the results of the sodium hypochlorite 

oxidation on coagulation effluent showed that the COD of the oxidation process effluent was 

lower than standards for industrial wastewater discharge. Yuan and co-workers concluded that 

the optimal sodium hypochlorite concentration was about 110 mg/L (Figure 1.0), and the fitting 

oxidation time was 30 minutes with pH about 10.5.  

 

Figure 2: Dose response curve of NaClO on the efficiency of wastewater oxidation(Yuan et al., 

2010). 
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2.3       Advance Oxidation Processes (AOPs) 

The increasing interest in developing the alternative methods for improving the treatment 

of wastewater containing organic pollutants lead to the application of advanced chemical 

oxidation technologyto destroy organic compounds from their aqueous solutions and from 

industrial wastewater containing them (Rashid et al., 2005). The latest environmental friendly 

technology that gain global wastewater treatment companies interest today is advance oxidation 

processes (AOPs). 

 AOPs are defined as near ambient temperature and pressure water treatment processes 

which are based on the generation of hydroxyl radicals to initiate oxidative destruction of 

organics (Vogelpohl et al., 2003). AOPs are emergingand promising technology both as an 

alternative treatment to conventional wastewatertreatment methods and enhancement of current 

biological treatment methods especiallydealing with highly toxic and low biodegradable wastes 

(Dincer et al., 2007; Chamarro et al., 2001).AOPs may be used in wastewater treatment for 

overall organic content reduction, specific pollutant destruction, sludge treatment, 

increasingbioavailability of recalcitrant organics, and color and odor reduction (Bergendahl, 

2004). 

 AOPs used for wastewater treatment consist of ozone (O3), hydrogen peroxide (H2O2), 

Fenton’s reaction and photo Fenton process (Vogelpohl et al., 2003). Fenton’s reaction is the 

addition of iron (Fe
2+

 or Fe
3+

) as catalyst to the oxidants (H2O2), to reduce the reaction condition 

and reaction time at the same time increase the reaction rate of oxidants to meet the high POME 

production in one day and prevent the piling up of POME.  
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As an example, iron (Fe
2+

 or Fe
3+

) catalyst is used in the pre-treatment of pharmaceutical 

wastewater, H2O2 is used together with iron catalyst (Fenton’s reagent) to reduce COD value 

(~362000 mg/L) in the wastewater. The reaction time of H2O2in the present of iron (Fe
2+

 or Fe
3+

) 

catalyst is much lesser compare to those oxidants listed in table 3.0 at the same temperature with 

higher percentage of COD reduction. In this experiments, about 56.40% of COD is removed 

using 3 M of H2O2 and 0.3M of Fe
2+

 while, 36.00% using 0.624 M of H2O2 and 0.53 M of Fe
2+ 

(Fig. 2.0). 

 

Figure 3: Effect of Fenton’s reaction time on COD removal for experiments in the advanced 

oxidation of pharmaceutical wastewater: (  ) [H2O2] = 3 [Fe2+] M, = 0.3 M, temperature = 40ºC; 

(  ) [H2O2] = 0.624 M = 0.53 M, temperature = 52ºC (Martinez et. al, 2003) 
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However, the problem in the application of Fenton’s reaction is that the addition of iron 

salts causes the precipitation of iron hydroxide at neutralization which resulting in formation of 

sludge with organic substances and heavy metals as the byproduct that has to be treated at high 

cost. 

Bench-scale experiments were conducted by Bergendahl to evaluate the potential for 

reducing the CODof this wastewater with Fenton’s reagent. The results of the experiments 

showed that Fenton’sreagent was very successful, reducing the COD more than 96% as shown in 

Figure 2. It was alsofound in these experiments that the reactions were exothermic (3.748 ± 

0.332 J of heat werereleased per mg/L COD removed).  

 

Figure 4: Reduction in COD of an industrial WW with Fenton’s oxidation (Bergendahl, 2004) 
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CHAPTER 3  

MATERIALS AND METHODS 

 

3.1 Sample Collection 

 

Samples of POME were collected fromFederal Land Consolidation and Rehabilitation 

Authority (FELCRA) and Bau Palm Oil Mill. The samples were taken directly from a pipe that is 

used to transport POME to the cooling pond. The sample is thenput into a 2 L container and 

transport to the laboratory in cool box with ice. 

 

Figure 5: POME outlet pipe in Bau Palm Oil Mill. 


