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ABSTRACT 

Malaysia's prominence in palm oil production entails the generation of substantial quantities 

of Palm oil refinery effluent (PORE), a notable pollutant from palm oil mills. PORE, a 

byproduct of the palm oil refining process, contains high water content along with organic 

matter and oil residues. The escalating global demand for palm oil further amplifies the 

production of PORE, posing environmental challenges due to its high chemical oxygen demand 

(COD) and biochemical oxygen demand (BOD) levels. This poses risks to aquatic ecosystems 

and necessitates stringent treatment measures to meet regulatory standards before discharge. 

This study introduces the Packed Bed Electro Reactor (PBER), an innovative Electro-oxidation 

(EO) system tailored for efficient wastewater treatment, specifically addressing PORE. PORE, 

known for its high oil, grease, and soap content resulting from the naturalization and 

dichlorination processes of crude palm oil, poses unique challenges in treatment. By employing 

a stainless-steel cathode and a RuO2-IrO2 coated plate anode, the PBER process surpasses 

conventional EO methods in performance.  
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ABSTRACT 

Malaysia's prominence in palm oil production entails the generation of substantial quantities of Palm 

oil refinery effluent (PORE), a notable pollutant from palm oil mills. PORE, a byproduct of the palm 

oil refining process, contains high water content along with organic matter and oil residues. The 

escalating global demand for palm oil further amplifies the production of PORE, posing 

environmental challenges due to its high chemical oxygen demand (COD) and biochemical oxygen 

demand (BOD) levels. This poses risks to aquatic ecosystems and necessitates stringent treatment 

measures to meet regulatory standards before discharge. This study introduces the Packed Bed 

Electro Reactor (PBER), an innovative Electro-oxidation (EO) system tailored for efficient 

wastewater treatment, specifically addressing PORE. PORE, known for its high oil, grease, and soap 

content resulting from the naturalization and dichlorination processes of crude palm oil, poses unique 

challenges in treatment. By employing a stainless-steel cathode and a RuO2-IrO2 coated plate anode, 

the PBER process surpasses conventional EO methods in performance.  

 

 

INTRODUCTION  

 

Malaysia is one of the world's top producers of palm oil, and the production process generates a 

significant amount of palm oil refinery effluent (PORE) each year. The global demand for palm oil 

has resulted in an increase in PORE production. According to [1], PORE is a by-product of the palm 

oil refining process, and it is treated as wastewater. PORE consists of 95-96% water, 4-5% total 

solids, and 0.6-0.7% oil. It contains oil, grease, and suspended solids due to the use of chemicals 

during the refining process. The presence of organic matter results in a high chemical oxygen demand 

(COD) and biochemical oxygen demand (BOD) level in PORE, which can harm or cause the death 
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of aquatic life and disrupt the ecosystem's balance. Therefore, PORE must be treated to meet the 

Department of Environment's (DOE) standards before being discharged into the environment.  

There are several challenges associated with the use of biological treatment for PORE, including 

the need for a longer retention time and the susceptibility of microorganisms to environmental factors. 

For instance, fluctuations in temperature, pH, and nutrient availability can impact the performance of 

the microorganisms and decrease the efficiency of the treatment process. To address these challenges, 

researchers have explored alternative treatment methods, such as physical-chemical treatment, which 

combines physical processes such as sedimentation, filtration, and centrifugation with chemical 

processes like coagulation and flocculation to enhance the removal of contaminants from PORE [2-4].  

Despite the potential advantages of physical-chemical treatment, it is important to note that the 

effectiveness of this method depends on several factors, including the type and concentration of 

contaminants in the effluent and the dosage of chemical coagulants used [5-6]. Therefore, it is crucial 

to carefully evaluate the feasibility and cost-effectiveness of different treatment methods before 

selecting the most appropriate one for a particular context. Electrochemical technologies have gained 

importance in the last two decades, especially in water and wastewater treatment. These technologies 

have proven to be cost-efficient, efficient, and compact. This study shows the potential of Electro-

oxidation (EO) as the one of the electrochemical technologies that produce oxidants either directly at 

the electrodes' surface or indirectly from chemical compounds in the treated water, leading to the 

destruction of pollutants and promote sustainability through oil reclamation. 

 

METHODS  

 

Samples, chemicals and experimental setup: 

PORE/wastewater was sampled at the outlet of dissolved air floatation (DAF) of the Wastewater 

Treatment Plant in SD Guthrie International Langat Refinery. The pH value, electrical conductivity, 

turbidity, COD were determined in the wastewater according to Standard methods for the 

examination of water and wastewater. 

Activated carbon (AC) from coconut shell were obtained from local suppliers with a mesh size of 

20 x 40 mm was used. 1M concentration of Sulphuric Acid (H2SO4) were purchased from Merck and 

used as electrolyte. 1M concentration of Sodium Hydroxide (NaOH) were purchased from Sigma-

Aldrich for pH adjustment and cationic polyacrylamide (PAM) polymer were used as a coagulant aid. 

A detailed equipment set-up is portrayed in as figure 1.  

Titanium (Ti) electrode coated with RuO2-IrO2 was used as anode and Stainless Steel (SS) 

electrodes were used as cathodes. This alloy was chosen due to its high stability to withstand corrosion 

attacks and known as dimensionally stables electrodes (DSA) [7]. 

 

 

Figure 1. Packed Bed Electro-oxidation (PBER) electrode configuration and setup. 
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Pre-treatment process for incoming effluent: 

Unique pre-treatment for EO process is a must to sustain the electrode performance with longer 

lifetime. The process is highly dependent on the active surface area on the electrode for ion 

adsorption, hence the incoming effluent must have minimal oil and grease (O&G) and suspended 

solids (SS). The wastewater solution was pre-treated by using microbubble and sand filter to remove 

excess O&G and SS [8].  

The microbubble acts as a flocculation process which substitutes the usage of alum that potential 

inhibits the electro-oxidation process [9]. Due to that, the floated O&G and SS could be skimmed and 

recycle as technical grade oil in the refinery process. 

 

EO performance with the addition of activated carbon: 

EO experiments were performed in an electrochemical cell (batch reactor of 5 liter) under the 

range’s conditions of current intensity and applied voltage of I = 2,4,6A and U = 8,11,16 V, 

respectively. The cell was filled with 5 liter of wastewater solution in which the electrodes were 

immersed (height: width: thickness = 200: 300: 10 expressed in mm gives a total surface area of 1300 

cm2). The distance between electrodes was 4 cm and the batch process were conducted for a duration 

of t = 5, 10, 15 minutes by varying wastewater conductivity of c = 5000, 8000, 10000 s/cm, 

respectively. 

 

Table 1. Overview of design of experiment (Taguchi; L9) and conditions: 

 

Exp no. Time (mins) Current (A) 

Initial 

Conductivity (s/cm)    COD (ppm) 
Turbidity 

(Ntu) 

1 5 2 5000 

350 33 

2 5 4 8000 

3 5 6 10000 

4 10 2 8000 

5 10 4 10000 

6 10 6 5000 

7 15 2 10000 

8 15 4 5000 

9 15 6 8000 

 

The electrodes were meticulously prepared by sequentially grinding and polishing with wet emery 

papers up to 800 grits, followed by ultrasonic cleaning in 70% ethanol and deionized water between 

each experiment. Throughout the experiments, pH, temperature, and electrical conductivity were 

continuously monitored. Upon completion, measurements were taken for pH, electrical conductivity, 

temperature, turbidity, and chemical oxygen demand (COD). 

 

Table 2. Controllable factors and associated levels. 

 

Factor Level 1 Level 2 Level 3 

Time (min) 5 10 15 
Current (A) 2 4 6 

Conductivity (s/cm) 5000 8000 10000 
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In this study, the larger-the-better quality characteristic was used, according to Eq. (1) [10]: 

 

S/NL = −10 log(
1

𝑛
∑

1

𝑦𝑖
2

𝑛
𝑖=1  

Where, S/N represents signal-to-noise ratio, subscript L represents larger-the-better, n is the number 

of repetitions under the same experimental conditions and y is a measurement of COD reduction. In 

this study, every level for the specific factor appears 3 times [11]. 

 

Authentication of the utmost important factor for COD reduction was achieved by statistical analysis 

using a sum of squares (SS) and mean square (MS) range. 

 

RESULTS AND DISCUSSION 

 

Characterization of PORE: 

PORE collected was slightly cloudy and brownish to yellowish color which indicates the presence 

of colloidal and dissolved particles/emulsification of oils. Table 3 presents the analysis/ 

characterization of PORE before and after pre-treatment according to APHA method.  

 

Table 3. PORE characterization before and after pre-treatment 

 

Parameter Pre-treatment 
Initial Final 

pH 3.2 1.6 ± 0.5 
Temperature, oC 32 30 ± 0.5 

Conductivity, s/cm    953  5000 - 10000 

Turbidity, Ntu 33 3 ± 1.5 
COD, ppm 350 300 ± 8.5 

 

The pre-treatment process was conducted to ensure high performance of EO could be obtained. 

Referring to table 3, a significant alteration in the water's physical and chemical characteristics can 

be found. The pH value was reduced from an initial 3.2 to a final 1.6 ± 0.5, indicating a marked 

increase in acidity due to dosing of H2SO4 as electrolyte to improve the ionic transfer. The affect of 

pH adjust could be seen at the conductivity which were adjusted from 953 μs/cm to a range of 5000 

- 10000 μs/cm, indicating a substantial increase in the concentration of dissolved ions. The 

temperature experienced a minor reduction from 32°C to 30 ± 0.5°C, suggesting a slight cooling 

effect after the addition of electrolyte. Turbidity decreased significantly from 33 NTU to 3 ± 1.5 NTU, 

showing a notable improvement in the clarity of the water and effectiveness in removing suspended 

particles. The COD shown a small reduction from 350 ppm to 300 ± 8.5 ppm, reflecting a decrease 

in the number of organic pollutants, which signifies the pre-treatment's efficiency contribute to 

breaking down and removing organic substances. However, further treatment is still required.  
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Table 4. COD reduction based on values of conductivity, time and current applied. 

Exp 

no. 

Time 

(mins) 

Current 

(A) 

Initial Final 
COD 

reduction % 
Conductivity 

(s/cm)    

COD 

(ppm) 

Turbidity 

(Ntu) 

Conductivity 

(ms/cm)    

COD 

(ppm) 

Turbidity 

(Ntu) 

1 5 2 5000 

350 33 

3570 100 

3 ± 1.5 

71% 

2 5 4 8000 10630 46 87% 

3 5 6 10000 15300 69 80% 

4 10 2 8000 3450 109 69% 

5 10 4 10000 12100 53 85% 

6 10 6 5000 18050 75 79% 

7 15 2 10000 19030 69 80% 

8 15 4 5000 2420 36 90% 

9 15 6 8000 18500 94 73% 

 

The experimental results in table 4, shows a detailed insights into the electrochemical treatment 

process's efficacy in reducing COD, turbidity, and modifying conductivity across various times and 

currents. At a 5-minute duration, increasing the current from 2A to 6A showed significant COD 

reductions, peaking at 87% with 4A, but accompanied by a rise in conductivity. At 10 minutes, COD 

reduction varied, achieving the highest efficiency of 85% at 4A, while conductivity increased. The 

15-minute treatments yielded the highest COD reduction of 90% at 4A with a moderate final 

conductivity, highlighting this combination's optimal efficiency. Throughout, turbidity consistently 

decreased to around 3 ± 1.5 NTU, indicating effective particulate removal. These results emphasize 

the need to balance current and treatment duration to maximize COD reduction and control 

conductivity, providing valuable insights for optimizing electrochemical wastewater treatment 

processes. The results underline the importance of optimizing both current and treatment duration to 

maximize COD reduction while managing conductivity levels, thus providing valuable insights for 

the electrochemical treatment process's application in wastewater management. 

 

Table 5. Response table for S/NL ratios and contribution of each factor. 

Parameter COD 

Factor Time (min) Current (A) Conductivity, s/cm    

Level 1 -2.018 -2.690 -1.987 
Level 2 -2.254 -1.198 -2.394 
Level 3 -1.856 -2.240 -1.747 
Delta 0.398 1.493 0.647 
DoF 1 1 1 
SS 0.000348 0.002177 0.000248 
MS 0.000348 0.002177 0.000248 
Rank 3 1 2 

Where: DOF – degree of freedom, SS – sum of squares, MS – mean of square 

 

Table 5 presents the S/NL values for all controllable factors, along with the data needed to 

determine the optimal parameters. The range for each factor is calculated as the difference between 

its highest and lowest S/NL values. Based on these ranges, each factor was ranked, with the largest 

range assigned a rank of 1, indicating it is the most influential factor and should be prioritized. In this 

study, the applied current emerged as the most influential factor, while time was the least influential 
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for COD reduction. Conductivity was identified as the second most important factor for COD 

reduction, as confirmed by the values of SS and MS. 

 

 
Figure 3. Response distribution of S/NL ratios for COD reduction 

 

 

Figure 4. Normal probability plot for COD reduction 

 

The optimization of COD reduction was determined by the highest mean S/N values. The optimal 

conditions for achieving the lowest COD levels were found to be an experiment time of 15 minutes, 

a current of 4 A, and a conductivity of 10,000 μs/cm. These findings indicate that the highest COD 

reduction can be achieved by controlling incoming turbidity and optimizing operating conditions such 

as time, current, and conductivity, as shown in Figure 3. Furthermore, Figure 4 confirmed that the 

data set follows an approximately normal distribution. Although a 5-minute operating time was not 

selected as an optimal condition, it is noteworthy that this shorter duration yielded high S/N values, 

comparable to the 10-minute duration. This suggests that the electrochemical oxidation (EO) reaction 

is not entirely stable and requires optimization to ensure that the hydroxyl radicals generated can 

efficiently break down organic matter [12]. 

 

CONCLUSIONS  

 

In conclusion, this study demonstrates that electrochemical oxidation (EO) is a viable method for 

reducing COD in palm oil refinery effluent (PORE), achieving optimal results with a 15-minute 
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treatment time, 4A current, and 10,000 μs/cm conductivity. These conditions led to significant COD 

reduction while maintaining manageable conductivity levels and reducing turbidity effectively. The 

findings suggest that to optimize EO for sustainability and lower operational expenses (OPEX), it's 

crucial to control incoming turbidity and refine operating parameters. Future research should focus 

on stabilizing the EO reaction to ensure consistent hydroxyl radical production, enhancing organic 

matter breakdown. Implementing continuous monitoring and adjusting treatment conditions based on 

real-time data can further improve efficiency. Additionally, integrating EO with other treatment 

processes, such as biological or advanced oxidation processes, could enhance overall treatment 

efficacy, reduce environmental impact, and promote a more sustainable and responsible palm oil 

industry. 
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