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ABSTRACT 

A huge production of palm oil mill effluent (POME) and empty fruit bunches (EFB) from palm oil mills become a 

serious problem, nowadays.  Many methods are already studied to utilize these side products in various applications; 

one of them is the conversion of POME and EFB to biogas. In this study, the effect of mixing ratio of POME and 

EFB substrate on biogas production was investigated. The experiment was performed in a batch reactor with a 

working volume of 6 liters of the reactor under thermophilic temperature (55oC). Experiments were conducted by 

varying the ratio of POME and EFB (20:1, 25:1, 30:1, 35:1, and 40:1). Co-digestion POME and EFB with mixing 

ratio 35:1 was considered as the suitable ratio which reaching highest gas production of 80.30 L/mg.VS , highest 

COD reduction of 63.1%, and highest methane content of 80.10% . 
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INTRODUCTION 
By 2015, from 11.3 million hectares of palm oil mill plantation in Indonesia, palm oil mill effluent 

(POME) reaches ± 82.5 million tons1,2. Besides POME, the mill also generates empty fruit bunch (EFB) 

(23%), mesocarp (12%) and shell (5%) for each ton of fresh fruit bunches (FFB) processed at the mill3. 

EFB is one of the most common types of solid waste produced from palm oil production after POME 

which is one of the byproducts of palm oil mill from condensate sterilization process (36%), water 

clarification process (60%), and hydro cyclone water (4%). EFB is the main by-product from the palm oil 

mill with every 1000 kg of fresh fruit bunches will produce 220 kg EFB4,5. Commonly, most EFB is used 

as mulch on palm tree lands by spreading EFB around the trees. Although the presence of mulch is useful 

to avoid weeds, keep the moisture and stop soil erosion but its application is expensive. Moreover, it does 

not only create environmental pollution problems but it also offers limited value to the industry. Several 

approaches have been developed to apply EFB fibers to produce valuable materials such as paper pulp, 

composite boards, thermoset polymer, and microporous activated carbon6. 

Irvan et al in 2012 performed biogas production from POME using anaerobic microbes in a 2 (two) liters 

digester at a temperature of 55 °C (thermophilic), closed systems, intermittent, hydraulic retention time 

(HRT) variation and recycle sludge7. In this experiment, the removal efficiency of COD could be 

achieved to 85% at HRT 6 days. In 2016, they have scaled up the process from laboratory scale to pilot 

scale, they reported the performance of the two different scales under the same conditions and same 

POME8. 

POME could be easily converted to biogas in relatively short time (HRT 6 days) then used in many 

applications, while solid waste (FFB) are not utilized for biogas production, due to its composition are 

difficult to degrade by microorganisms. Many studies have been performed in order to treat POME and 
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EFB to biogas in a digester, such as research conducted by Nurliyana et al4. They investigated methane 

production with POME and EFB substrates which performed with different EFB and POME loadings at 

room temperature of 27–30 ◦C (mesophilic) and facultative condition. Since POME and EFB are 

composed of many saturated fatty acids and cellulose which are very hard to degrade at room 

temperature, therefore the objective of this research was to study the performance of a batch reactor with 

a working volume of six liters, by varying mixing ratio of POME and EFB in volume/mass under 

thermophilic condition (55 oC). 

EXPERIMENTAL 
Material and Methods 
Palm oil mill effluent and empty fruit bunches as raw materials were obtained from local palm oil factory 

(Rambutan Mill, North Sumatra, Indonesia). POME was obtained from the fat pit of factory’s wastewater 

treatment installation and stored in some clean 20 L container.  It was transported to the laboratory, mixed 

well, put in 1-liter plastic bottles, and stored at 4 °C until further use. EFB was taken from the shredder. 

EFB was then dried under the sun and cut for reducing the particle size ± 5 cm and then oven dried at 105 
oC for overnight. POME was analyzed by following standard method for determination of its main 

composition9. Table-1 summarizes the main properties of POME. 

  
Table-1: Properties of POME from Rambutan Mill 

Parameter Units Values Method  

pH - 3.60-4.80 APHA 4500-H 

Chemical Oxygen Demand  (COD) mg/L 48,500    APHA 5220B 

Total Solid (TS) mg/L 13,400-37,000 APHA 2540B 

Volatile Solid (VS) mg/L 10,500-31,200 APHA 2540E 

Total Suspended Solid (TSS) mg/L 2,100-27,100 APHA 2540D 

Volatile Suspended Solid (VSS) mg/L 1,900-25,900 APHA 2540E 
 

 

Experimental Method 
The fermentation process occurred in a batch reactor with 8-liter capacity and 6-liter working volume at 

thermophilic temperature. The reactor was provided with a water bath to control the temperature, 

thermometer, sampling injector and graduated cylinder to measure the biogas production. Fig.-1 shows 

the experimental set up of batch reactor used in this experiment. Fresh POME without further treatment 

was used as feed, while thermophilic bacteria as a starter was obtained from a biogas pilot plant 

installation located at a Centre of Community Service of Universitas Sumatera Utara1,8. The fresh feed put 

into the reactor consists of 15% starter and the rest is a mixture of POME and EFB. pH liquid inside the 

reactor was maintained at 7 ± 0.2 by adding NaHCO3. The parameters such as pH, M-alkalinity, total 

solids, and volatile solid of liquid were analyzed daily, while COD was measured once in every three 

days, according to Standard Methods for the Examination of Water and Wastewater (APHA)9. Biogas 

generation was recorded by using graduated cylinder while its content was measured by  a biogas 

analyzer (SAZQ). 
 

 

 

  

 

 

 

 

 

 
Fig.-1: Experimental Set Up for Biogas Production from POME and EFB 



 
  Vol. 11 | No. 2 |791 - 797 | April - June | 2018 

PRODUCTION OF BIOGAS FROM CO-DIGESTION                  793                                                                                       C. S. Octiva et al. 

RESULTS AND DISCUSSION 
Effect of Mixing Ratio on Alkalinity 
Alkalinity is a parameter in anaerobic digestion operation which is a measure of the capacity of alkalinity 

to neutralize acid10-12. The alkalinity of the methanogenesis process reflects the buffer's capacity to the 

acid, and can also effectively neutralize the pH rapidly. The effect of mixing ratio on alkalinity is shown 

in Fig.-2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.-2: Effect of Mixing Ratio of POME and EFB Substrate on Alkalinity 

 
As shown in Fig.-2, the mixing ratio of POME and EFB substrate on alkalinity have a similar trend.  On 

the first day for each ratio of POME and EFB, the alkalinity values are still low. The lowest values are 

found in the mixing ratio of 20:1 and 25:1, reaching 2,500 mg/L. Then from day 2 to day 15, the values of 

alkalinity slightly fluctuate. Fluctuations in alkalinity values occur as the pH change in the reactor. 

However, the alkalinity values obtained in this study fall into a reasonable range of 2,500 – 5,000 mg/L10, 

11 for the fermentation process. 

 

Effect of Mixing Ratio on Volatile Solid (VS) 
According to Mehta et al13 volatile solid (VS) is a reliable parameter for showing the degradation of 

organic matter over time, and consequently, is an indicator of the potential for methane production. The 

effect of mixing ratio on solid volatile (VS) can be seen in Fig.-3.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig.-3: Effect of Mixing Ratio POME and EFB on Volatile Solid 
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Figure-3 shows VS changes in mixing ratio of POME and EFB every day, from the beginning until the 15 

days of the experiment. VS value shows slightly fluctuated from day to day for each run of the 

experiment and the tendency of VS values to decline during the experiment. The value of fluctuating VS 

was caused by the unstable system, where the growth of microorganisms is still occurring, then allowing 

the change of VS over time. The lowest VS values for each mixing ratio POME and EFB was plotted in 

Fig.-4.  

 
Fig.-4: The Lowest VS Values for Each Mixing Ratio 

 

The lowest value of VS was obtained at mixing ratio of 35:1 reached 8,980 mg/L with 25.91% of VS 

reduction. In a study by Babae and Shayegan14 with differences in OLR, 1.5; 2 and 2.5 the highest 

reduction VS was obtained at 1.5, reached 88% of VS reduction. In the methanogenesis process of POME 

: EFB under the thermophilic condition, the optimum ratio was obtained at the mixing ratio of 35:1 with a 

VS reduction value of 25.91%. Raposo et al.15 suggested that higher reduced VS indicates that more 

organic matter is converted by microbes in the reactor.  

 

Effect of Mixing Ratio on Chemical Oxygen Demand Reduction 

Chemical Oxygen Demand (COD) shows the number of organic compounds contained in VFA16. The 

effect mixing ratio of POME and EFB on COD degradation is shown in Fig.-5.  
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.-5: Effect of Mixing Ratio on COD 
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As seen in Fig.-5, changes in COD values tend to decrease and fluctuate. The decrease in COD indicates 

that microorganisms work well so that the process can take place because it can degrade organic 

compounds in liquid waste17. COD fluctuates in different reactors because all levels of bacterial growth 

are instability in the adaptation period of microorganisms18. The lowest COD reduction value for each 

mixing ratio is found on day 15.  Percentage of COD reduction for each mixing ratio is shown in Fig.-6. 

 

 
Fig.-6: Reduction of COD for Various Mixing Ratio on Day 15 

 
As shown in Fig.-6, the highest COD reduction, 63.1% was obtained by mixing ratio of POME and EFB 

of 35:1. Babaee and Shayegan14 conducted research using vegetable waste substrate, with a variation of 

OLR were 1.5, 2 and 2.5 kg. They obtained the best COD reduction was 65%  at OLR 1.5 kg. The 

increase in OLR beyond the optimum level is followed by the decline in major process parameters such as 

COD reduction and methane production19.  

 

Effect of Mixing Ratio on Biogas Production 
The last stage in anaerobic digestion process is a methanogenesis stage, where biogas is produced.  Table-

2 shows the profile of biogas production for the various mixing ratio of POME and EFB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.-7: Effect Ratio POME and EFB on Cumulative Biogas Production  
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Table-2: Biogas Production for Various Mixing Ratio 

 

 

 

 

 

 

 

 

 

Figure-7 shows the column diagram of biogas produced from the fermentation process of POME and 

EFB. Cumulative biogas production increases from the ratio with the small amount of EFB to the ratio 

with the large EFB. The highest biogas production, 80.30 L/mg.VS was obtained at a mixing ratio of 

35:1. According to a research conducted by Mattocks16, the organic loading rate (OLR) is a necessary 

parameter because it indicates the amount of VS to be incorporated in the fermentor which changes to 

biogas. 

 

Biogas Composition 

According to a research conducted by O-thong et al.20, high concentrations of empty fruit bunches 

substrates produced low methane, because high content of long chain fatty acids (LCFAs) in empty fruit 

bunch can decrease the decomposition process. Lipid-rich waste contains long-chain fatty acids; 

particularly high palmitate and higher oleates can inhibit bacterial growth and methane formation. The 

main components of biogas are methane (CH4) and carbon dioxide (CO2) and hydrogen sulphide (H2S). 

The biogas composition for the various mixing ratio of palm oil mill effluent and empty fruit bunch is 

presented in Fig.-8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.-8: The Biogas Composition for Various Mixing Ratio of POME and EFB 

 
Figure-8 shows the composition of biogas production. For various mixing ratio of POME and EFB the 

trend of the biogas composition is almost similar. In average the biogas production consisted of 76.84; 

17.50; 0.84% of methane, carbon dioxide and hydrogen sulfide, respectively. The highest methane 

content, 80.10% was achieved by mixing ratio of POME and EFB 30:1. 
 

CONCLUSION 
This research has presented the possibility of anaerobic fermentation of EFB mixed with POME. During 

the process with a various mixing ratio of POME and EFB substrates were applied, the highest value of 
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biogas generation, 80.30 L/mg. VS was achieved at mixing ratio 35:1. At the same mixing ratio, highest 

methane content, 80.10% and highest COD reduction, 63.1% were achieved. 
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