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ABSTRACT 

In 2021 Indonesia currently provides 58% of global crude palm oil, resulting in enormous amounts of oil palm wastes. 

The purpose of this research is to determine which palm oil solid waste has the potential to be used as a substrate for 

biogas production, and what is the optimum method and parameter to produce an economically viable source of biogas. 

The method used for this research was by means of literature review, in which the data used were acquired from journals, 

thesis, reports and research papers. This research evaluates the different energy potentials of different oil palm wastes 

which are; Oil Palm Fronds (OPF), Empty Fruit Bunch (EFB), Decanter Cake (DC), Oil Palm Trunk (OPT) and 

Mesocarp Fibre (MF). Which resulted in EFB producing the highest yield of methane (429 mL CH4/g VS) at similar 

operating parameters and methods. The optimization of methane yield from the substrates were studied using different 

methods and operating parameters resulting in the highest methane yield of 617 mL CH4/g VS from co-digestion of DC 

+ POME. Although, considering the economic viability; it was found that OPF as the waste from bioethanol production 

was most preferable, not only producing biogas but also bioethanol. It produced a high methane yield of 514 ml CH4/g 

VS at lower operating cost. 
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1.  INTRODUCTION 

The global energy consumption has increased up to 

2.3% in the year 2018 to meet the ever-increasing energy 

demand (1). Fossil fuel as the leading source of fuel 

covering up to 81% of the total energy growth in 2018. 

As renewable energy still struggles to meet the increasing 

demand for electricity worldwide (2). 

The rapid rise in the global energy demand is due to 

the economic and population growth, most evidently 

from large emerging countries which is estimated to 

account for 90% of the energy demand in the year 2035 

(2). Although, even with the introduction of renewable 

energies, fossil fuels remain as the primary source of 

energy covering up to 85% of the total energy supply (3). 

The global demand for crude oil increases by 2% each 

year and it is only a matter of time before there will be 

shortages of oil. Based on the ‘Hubert’s peak’ and ‘The 

Big Rollover’ crude oil will be depleted around the year 

2060 – 2070 (4). Furthermore, not only are fossil fuels 

and crude oils depleting, they also emit 78% of the global 

greenhouse gas emissions (5). 

With the growing concerns of global warming and 

scarcity of energy sources, the replacement of fossil fuels 

is inevitable. The renewable source of energies is 

growing at a rapid rate contributing to as much as half of 

the global energy supplies. It is estimated that by the year 

2040 it will become the largest power source worldwide 

(6). Alternative renewables such as biogas and bio-

methane are the fastest forms of bioenergy with a 

cumulative market share which totals from 5% to 12% by 

the year 2040 (7). 

Biogas is a clean and renewable source as it does not 

produce pollution and helps reduce the greenhouse gas 

emissions (8).  It utilizes organic matters such as animal 

manure, crop waste, organic wastes from restaurants, and 

factories that uses fermentation process as raw materials 

(9). 

Indonesia has been the largest palm oil producer in 

the world with 58% of the global palm oil production in 

the year 2021 (10). This leads to an equally large amount 

of bio wastes such as oil palm frond (OPF) and oil palm 

trunk (OPT) during replanting. The conversion from 

Fresh Fruit Bunch (FFB) to Crude Palm Oil (CPO) 

further produces wastes from the palm oil mills, wastes 

Advances in Biological Sciences Research, volume 16

6th International Conference of Food, Agriculture, and Natural Resource (IC-FANRES 2021)

Copyright © 2022 The Authors. Published by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 155

mailto:jean.piolo@student.sgu.ac.id


  

 

such as Palm Kernel Shell (PKS), Mesocarp fiber (MF), 

Palm Oil Mill Effluent (POME) and Empty Fruit Bunch 

(EFB) (11). 

Currently the energy production is still dominated by 

fossil fuels contributing to around 80% of the global 

energy mix which accounts to around three quarters of 

the global greenhouse gas emissions. The solution to 

these problems is to shift to more low carbon-sources of 

energy; renewable energy such as bioenergy which 

includes biogas (12). 

Utilizing this biomass as a substrate for biogas 

production is beneficial because it reduces the total 

biomass waste from Crude Palm Oil production. Biogas 

production is dependent on different parameters that need 

to complement each other to produce better biogas 

primarily from the four broad areas of feedstock 

utilization which consists of the substrate, inoculum, 

temperature, pH, pre-treatment and co-digestion (13). 

Biomass are renewable organic materials that are 

derived from animals and plants. It contains energy 

stored that came from the sun. It is estimated that 146.7 

million tons of biomass every year are produced in 

Indonesia. That is equivalent to around 470 GJ/year. The 

majority of the biomass share is from rice residues with 

an energy potential of 150 GJ/year, rubber wood with 120 

GJ/year and Palm oil residues with 67 GJ/year (14). 

Currently the use of Biogas in Indonesia is just around 

4% and the Government plans on renewable energies to 

be 23% by the year 2025. According to the data from 

Indonesia Palm Oil Association (GAPKI) the biomass 

production from the Palm Oil Industry is around 182 

million tons of dry matter and 4127 million m3 of biogas 

can be produced using 147 million tons of Palm Oil Mill 

Effluents (POME). This potential in biogas is enough to 

encourage Indonesia to utilize palm oil wastes as the 

biomass source for renewable energies. 

In Indonesia, throughout the years of 1980 to 2015 the 

land use of oil palm plantation had a steady growth of 

14.26% every year starting from 294,560 to 11,300,370 

hectares. This increase in land usage could only be the 

result of an increase in demand and production of palm 

oil. Palm oil production grew by an average of 17.46% 

every year, from 849,121 tons to 37,541,157 tons (15). 

This can be seen from the graph given in figure 1. 

Methanogenic archaea produce biogas while reacting 

with the biodegradable materials in an anaerobic 

condition. The compositions of a typical biogas are 48 to 

65% methane (CH4), 36 to 41% carbon dioxide (CO2), 

and some trace gasses like hydrogen, nitrogen, hydrogen 

sulfide. With biogas being able to produce up to 65% 

methane gas, it is a great renewable source of clean 

energy (16). 

Methanogens or methane producing archaea, are the 

last in a chain of microorganisms, which degrade organic 

material and return the decomposition matter to the 

environment. During the process of decomposition, 

biogas will be produced. Biogas utilizes biomass as raw 

material therefore it is a non-fossil gas. Biomass/organic 

matters from sewage, manure, landfills or food industry 

waste all have the potential to be converted to biogas. 

Biogas will then be produced through anaerobic 

fermentation.  It is a renewable source of energy that can 

be used as fuel for cooking, lighting, running vehicles, 

generators, and many more. 

Anaerobic digestion is a multistep chemical and 

biological process that uses biomass as a source of 

energy.  For the complete transformation of biomass 

waste into biogas, it will have to go through the complete 

anaerobic digestion process which includes several 

stages; beginning with hydrolysis, 

acidogenesis/fermentation, acetogenesis and 

methanogenesis. Throughout the whole process, complex 

organic polymers that form the biomass are broken down 

to smaller molecules through the use of microorganisms 

and chemicals. After completing the anaerobic digestion 

process, the biomass would have been converted to 

biogas which are mainly made up of carbon dioxide and 

methane along with wastewater.

Figure 1 Graphic representation of the development of palm oil production and plantation coverage in 1980 – 2015 

(15). 
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2.  BIOGAS PRODUCTION FOR PALM 

OIL SOLID WASTES 

From studying multiple literatures about the different 

oil palm solid waste, it was found that Oil palm frond 

(OPF), Empty Fruit Bunch (EFB), Decanter Cake (DC), 

Oil Palm Trunk (OPT) and Mesocarp Fibre (MF) all have 

the potential to produce biogas. Different methods of 

biogas production were studied using different substrate 

co-digestion, operating pH and temperature, type of 

inoculum, duration and pretreatment. The method in 

which the substrate of DC and POME were co-digested 

resulted in the highest overall methane yield. Although 

economic viability was taken into consideration, the 

optimum method of biogas production was the result of 

using OPF from bioethanol waste as substrate for biogas 

production. 

2.1. Oil Palm Solid Wastes 

The palm oil industry produces exceptionally large 

amounts of wastes during harvest, replanting and 

processing. Currently, only 10% of oil palm biomass 

residues are used as a bio composite as raw material for 

industrial use or as a replacement of raw materials for 

wood. Oil palm waste with lignocellulose content can be 

used to make biomaterials as reinforcement in both 

traditional and advanced bio composites. 

In 2017, E.Hambali and M Rivai from Indonesia, 

made research with the topic : “The Potential of Palm Oil 

Waste Biomass in Indonesia in 2020 and 2030” (17). The 

research discussed that oil palm wastes will continue to 

rise due to the increasing demand of crude palm oil. In 

2020, 37,816,105 tons of EFB, 21,560,251 tons of MF, 

10,389,975 tons of PKS, 91,224,865 tons of POME, 

128,914,621 tons of frond, and 59,722,455 tons of trunk 

will be generated. Total output in 2030 is expected to be 

53,904,512 tons EFB, 30,732,801 tons MF, 14,810,264 

tons PKS, 130,035,387 tons POME, 128,914,621 tons 

frond, and 59,722,455 tons trunk. This makes a total of 

418,120,040 tons of palm oil waste and from that; 

68.90% are in the form of solid wastes which amounts to 

288,084,653 tons. The potential of these solid and liquid 

wastes is huge. Developing ways to utilize them are being 

done. There are currently many ways to utilize these 

wastes for example; Mesocarp fibre (MF) and Palm 

kernel shells (PKS) are commonly used as boiler fuel, 

and processed as bio pellets. Oil palm frond, empty fruit 

bunch and oil palm trunk are used as mulching material 

and raw materials for industrial uses.  Palm oil mill 

effluent (POME) is currently the most developed for 

biogas production, while the majority of the other wastes 

in the form of solid wastes are still undeveloped and 

further study is required. The graph shown in figure 2 

shows the graph of Indonesia’s production of oil palm 

wastes. 

In 2017, EU-Malaysia Chamber of Commerce and 

Industry (EUMMCCI), published a literature about the 

oil palm biomass and biogas in Malaysia. Oil palm 

biomass wastes are categorized into two which are; liquid 

and solid. Both of these types of biomasses are the result 

of extracting oil from oil palm. The oil palm biomass 

consists of different components which are: oil palm 

frond (OPF), empty fruit bunch (EFB), decanter cake 

(DC), oil palm trunk (OPT), mesocarp fibers (MF), palm 

kernel shells (PKS) and oil palm mill effluent (POME). 

Each component has different potential and utilization. In 

the year 2011 The palm oil industry in Malaysia produced 

approximately 80 million tons of solid biomass and 60 

million tons of liquid biomass (POME) and are still 

predicted to grow over the coming years. From all types 

of palm oil biomass only palm oil mill effluent (POME) 

has been utilized and commercialized for methane 

production while the majority of the other wastes are yet 

to be developed. Detailed utilization of oil palm wastes 

in Malaysia can be seen in table 2.1. 

2.2. Oil Palm Frond (OPF) 

Evidently, from citing multiple literature it was found 

that OPF has the potential to be a substrate for the 

production of biogas; by means of different anaerobic 

digestion methods and parameters. These parameters 

include the co-digestion of substrates, type of inoculum, 

operating temperature, operating pH and methods of 

pretreatment. 

Figure 2. Projection of Indonesia’s palm oil waste production for 2016-2030 
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Table 2.1. Palm oil biomass-based products and their commercial stage in Malaysia (2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2.1. Srirnachai Tussanee and friends’ research (21)

Materials 

OPF (bioethanol effluent) 

Pre-treatments Methods 

Parameters Range of Study CH4 yield (ml CH4/g VS) Optimum 

condition 

Substrate Water + Microwave 514 Water + 

Microwave 
Sulfuric acid (1%) + 

Microwave 

379 

Sulfuric acid (2%) + 

Microwave 

477 

Sulfuric acid (3%) + 

Microwave 

473 

Sulfuric acid (4%) + 

Microwave 

495 

Hydrogen Peroxide (1%) + 

Microwave 

333 

Hydrogen Peroxide (2%) + 

Microwave 

425 

Hydrogen Peroxide (3%) + 

Microwave 

387 

Hydrogen Peroxide (4%) + 

Microwave 

484 

Table 2.1 Palm Oil Biomass-based products and their Commercialization Stage in Malaysia (2011). 

 

 

Advances in Biological Sciences Research, volume 16

158



 

Substrates used for biogas production can vary. OPF 

is used as the main biomass for substrate. From 

Wantanasak Suksong’s research (18) it shows that OPF 

as a substrate alone with POME as inoculum has the 

potential to produce methane; as observed in table 2.2.2. 

The co-digestion of OPF with other biomass as substrate 

could be beneficial in increasing methane production. 

Based on Immega Adelia Nurdin and friend’s research 

(19), the co-digestion of OPF and cow manure has the 

potential to produce biogas. It showed that a decrease in 

the pH and weight during the anaerobic digestion 

indicated that microbial activity took place. Ossai and 

Ochonogor Samuel’s research (20) compares the 

methane production between OPF substrate alone and the 

co-digestion of OPF and cow manure. The co-digestion 

of OPF and cow manure resulted in an increase of 

methane production by 29%, which indicates that 

synergism between the two types of biomass took place.  

OPF in the form of waste effluent from fermenting OPF 

into bioethanol shows great potential to be used as a 

substrate for methane production as discussed in 

Srinachai and friend’s research (21). Producing the 

highest methane yield of 514 ml CH4/g VS as seen in 

table 2.2.1. 

Inoculum used can vary from one digester to the 

other. It was found that Cow manure and POME sludge 

are the most common inoculum used for producing 

biogas from OPF. POME sludge was the better inoculum 

due to its nature of having microorganisms that are fit for 

the degradation of oil palm wastes; since POME is also 

another form of palm oil waste. It is also widely known 

to have good potential for biogas production, hence it’s 

prominent use in the production of biogas from Oil palm 

biomasses. 

Temperature affects the rate of fermentation as it 

determines the inoculum’s (microorganisms’) 

environmental conditions. Different types of 

microorganisms require different ranges of temperature 

to operate. This research shows that the operating 

temperature for the digestion of OPF were at 35 oC 

(mesophilic) and 55 oC (thermophilic). In the study of 

Wantanasak Suksong (18) OPF digested at the 

temperature of mesophilic and thermophilic were 

compared and showed that thermophilic temperature 

produced a higher average methane yield up to 129% 

more than mesophilic temperatures. 

The pH regulates the alkalinity or the acidity of the 

anaerobic digestion. The pH is important because too 

high or too low of a pH will result in the degradation of 

the microorganisms. The ideal pH for methanogenic 

bacteria was found to be around the neutral pH of  7. 

Some of the inoculums and substrates are carefully 

adjusted to the ideal pH through the use of acidic or basic 

chemicals. Drop in pH levels after a few days of digestion 

is normal due to the production of volatile fatty acids 

(VFA) during the process known as acidification. Based 

on Ossai and Ochonogor Samuel’s research (20), pH can 

also be a good indication for methanogenic activity, as a 

drop in pH can indicate that the conversion to VFA for 

methanogenic bacteria is occurring. How sharp the drop 

in pH could indicate a more intensive conversion of VFA. 

Different methods of pretreatment were used for the 

production of biogas. Physical pretreatment by crushing, 

sieving or grinding to reduce size are the most commonly 

used pretreatment. Other methods such as thermal 

pretreatment, sun drying and chemical pretreatment are 

used. From Monica Perdhani Putri’s research the use of 

pre-treatment for OPF co-digested with EFB produced a 

slight increase in methane production during anaerobic 

digestion. Based on Srirnachai Tussanee and friends’ 

research (21) it was found that using size reduction and 

co-pretreatment using water and heat produced the best 

methane yield. The co-pretreatment using water and 

microwave is advantageous as it had low corrosion and 

toxicity, compared to using other chemicals; as seen in 

table 2.2.1. 

                      

                     Table 2.2.2 Wantanasak Suksong and friends’ research (18) 

Solid State Anaerobic Digestion of OPF 

Parameters Range of Study Optimum 

condition 
S/I Thermophilic Mesophilic 

Methane yield (ml CH4/g VS) 

Feedstock to Inoculum 

Ratio at thermophilic and 

mesophilic conditions 

2:1 89.8 46.7 S:I ratio of 3:1 at 

thermophilic 

conditions 3:1 102.2 44.5 

4:1 83.6 43.0 

5:1 01.4 12.7 
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         Table 2.2.3 Summary of Oil Palm Frond (OPF) for methane production 

Substrate Digestion 

method 

Pretreatment Inoculum 

Type 

Temp 

(oC) 

pH Time 

(days) 

Methane 

Yield 

Ref 

OPF + 

EFB 

(TS 8%) 

Wet 

anaerobic 

co-

digestion 

Size reduction 

and 

NaOH 5% 

Cow 

Manure 

35 7±0.0 25 670 ml 

CH4* 

(39) 

OPF + 

Cow 

manure 

Solid 

anaerobic 

Co-

digestion 

Size reduction, 

Sun drying 

and pre-

fermentation 

ND 35 7±0.0 27 9.33 ml 

CH4/g 

VS 

(20) 

OPF 

ethanol 

effluent 

(<10%TS) 

Wet 

anaerobic 

digestion 

Size reduction 

and Co 

pretreatment: 

Water + 

Microwave 

POME 

sludge 

35 7.3 -

7.5 

ND 514 ml 

CH4/g 

VS  

 

(21) 

OPF  

(TS 16%) 

Solid State 

Anaerobic 

mono-

digestion 

Oven dried 

(95oC for 48 

h), Size 

reduction 

(5mm) 

POME 

sludge 

55 7±0.0 20 207 ml 

CH4/g 

VS 

 

(18) 

As can be seen from the table 2.2.3, OPF as substrate 

can be converted into biogas at different variations of 

methods and combinations of parameters. OPF can be co-

digested with other biomass to compensate for the 

characteristic it lacks in the production of methane. By 

comparing different sources of literature, it was found 

that the effluent from OPF that has gone through the 

pretreatments of size reduction and water + microwave 

then through simultaneous saccharification produced the 

highest methane yield. By means of wet anaerobic 

digestion with inoculum as POME plant sludge at 

operating temperature of 35 oC for an unspecified number 

of days. The methane yield was 514 ml CH4/g VS. 

2.3. Empty Fruit Bunch (EFB) 

Different methods of biogas production using EFB as 

substrate was seen from different literatures. Anaerobic 

digestion of EFB shows that it has the potential for biogas 

production by setting different methods and parameters. 

The parameter for anaerobic digestion of EFB were 

broad, which includes; 

The main substrate used for study is EFB. Based on 

Muthita Tepsour and friends (22) and Vincentius’ 

research  shows that anaerobic digestion of EFB alone 

has the potential to produce methane. Co-digestion of 

EFB with other substrates can result in synergism or 

antagonism. From Muthita Tepsour’s research (22), it 

showed that the co-digestion of DC and EFB caused 

antagonism in the biogas production; resulting in lower 

methane yield. Although when EFB was co-digested with 

POME it resulted in synergism which increased the 

methane production based on Sittikorn Saelor’s research 

(23). Based on Rosa’s research (24), EFB has a low 

potential to produce biogas, but when co-digested with 

cow manure; the methane yield increased by almost 50%. 

Other research also shows that co-digestion of EFB with 

sewage sludge, POME and cow manure have the 

potential for the production of methane. 

The variety used for the study of EFB includes 

sludge, POME, cow manure and a combination of sludge 

and inoculum. POME and anaerobic sludge have been 

shown to be a viable source of inoculum. From 

Vincentius’ research, biogas sludge and wastewater 

sludge as inoculum were used to evaluate the effects of 

different inoculums on methane production. It shows that 

biogas sludge produced higher methane compared to 

wastewater sludge, indicating that different inoculums 

have different effects on methane production.  When 

these inoculums were used during anaerobic digestion, 

sufficient amount of substrate to inoculum is required to 

avoid excessive pH spikes especially during the 

acidification stage. 

Muthita Tepsour’s research (22), as can be seen in 

table 2.3.1 shows that EFB digested at the temperatures 

of 55 oC and 35 oC were compared and concluded that 

the anaerobic digestion at higher temperatures of 55 oC 

performed better and resulted in higher methane 

production. The effect of the temperature on methane 
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yield varied depending on the S:I ratio studied and 

percentage of OPA studied. The temperature increase 

affected the methane yield in different intensities. From 

an increase of around 16% up to an increase of 650% in 

methane yield. This is because thermophilic conditions 

are more favourable for acidogenesis and hydrolysis as 

discussed in the research. Although during co-digestion 

of substrates it is advised to use mesophilic temperatures 

as it is more flexible to adjustments. It was also found 

that temperature can have an effect on pH as the addition 

of a buffer was required during thermophilic temperature 

and no buffer was needed during mesophilic 

temperatures. Nicholas Agustianne’s research further 

supports this. By anaerobic digestion at a higher 

temperature of 45 oC, a greater methane yield was 

observed compared to that of 35 oC by around 82% more. 

Evidently from the compilation of research it was 

found that the ideal pH of anaerobic digestion was within 

the neutral range of 7 pH. It is ideal to have a neutral pH 

because the methanogenic bacteria operate best at an 

environment with a neutral pH, consequently a pH higher 

or lower than 7 can damage the microorganisms resulting 

in the decrease of methane production or kill the 

microorganism resulting in the crash of the anaerobic 

digestion process. It can be further supported by Muthita 

Tepsour’s research that the addition of OPA as buffer was 

helpful in regulating the pH especially during the 

acidogenesis and acetogenesis stage where a spike in pH 

happens. 

From Pornwimon’s research about pretreatment of 

EFB (25) as seen in table 2.3.2, the effects of single 

pretreatment methods to methane production were 

studied. It shows that a single pretreatment method of 

size reduction produced higher methane compared to 

single pretreatments using NaOH, bio-scrubber effluent 

and AS. The use of chemicals for pretreatment only 

increases the methane production by around 30% while 

size reduction increased by 90%. The use of combining 

pretreatments was studied in Nicholas Augistianne’s 

research; which resulted in the increase of methane yield 

when size reduction, thermal pretreatment and chemical 

pretreatment by NaOH were applied. This indicates that 

different methods and combinations of pretreatments 

have a varying effect on the methane production. 

Table 2.3.3 about EFB seen above proves that EFB 

can be utilized as a substrate for biogas production. 

Different parameters produced unique methane 

production. It was observed that EFB can be co-digested 

along with other substrates that could allow better 

methane production. The comparison of different 

literatures showed that EFB anaerobically digested for 35 

days at 55 oC that has gone through a size reduction 

pretreatment produced the highest methane yield of 429 

ml CH4/g VS. 

2.4. Decanter Cake (DC) 

There are several methods to produce biogas using 

DC as substrate. Fermentation by anaerobic digestion is 

the most common method of producing biogas. The 

process involves the digestion of DC through microbes in 

anaerobic environment. The parameters at which it 

operates vary. Some parameters that affect the anaerobic 

digestion process include; 

 

Table 2.3.1 Summary of Muthita Tepsour, Nikannapas Usmanbaha and friends’ research (22) 

Digestion Method Temperature (oC) Optimum Condition for Methane yield 

Solid-state mono-anaerobic 

digestion of EFB 

55 S:I ratio of 2:1 and OPA of 10% = 375 ml CH4/g 

VS 

35 S:I ratio of 2:1 and OPA of 10% = 25 ml CH4/g 

VS 

Solid-state mono-anaerobic 

digestion of DC 

55 S:I ratio of 3:1 and OPA of 5% = 160 ml CH4/g 

VS 

35 S:I ratio of 3:1 and OPA of 5% = 50 ml CH4/g 

VS 

Solid-state co-anaerobic 

digestion of EFB and DC 

55 S:I ratio of 3:1, EFB:DC ratio of 19:1= 353.8 ml 

CH4/g VS 

35 S:I ratio of 3:1, EFB:DC ratio of 19:1= 288.1 ml 

CH4/g VS 
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     Table 2.3.2 Summary of Pornwimon Wadchasit, Chairat Siripattana and Kamchai Nuithitikul’s research (25). 

Pretreatment 

Parameters Range of Study Percentage 

methane (%) 

Methane yield 

(ml CH4 /g VS) 

Optimum 

condition 

Type of pre-treatment No pretreatment 50.3 226.0 Size reduction 

Size reduction 52.7 429.0 

3% NaOH 51.2 324.1 

5% NaOH 52.4 314.6 

7% NaOH 52.9 345.5 

Bio-scrubber effluent 51.6 326.4 

AS 50.9 297.3 

 

    

The main substrate used for this study is DC. Based 

on the study of Suwimon and Nipon’s research (26) DC 

has the potential to produce methane as an individual 

feedstock/substrate. Muthita Tepsour’s research (22) 

supported that anaerobic mono-digestion of DC has the 

potential to produce methane of 160 ml CH4/g VS. By co-

digesting it with EFB the methane yield increased to 

353.8 ml CH4/g VS, which is a 121% increase in methane 

yield. Other co-digestion of DC with EFB, POME, waste 

water and sewage sludge have the potential to increase 

methane production. As discussed in N. Khairul Anuar’s 

research (27) the characteristics of Sewage Sludge has 

high Nitrogen content but low in Carbon, while DC has 

high Carbon content but low Nitrogen content. By co-

digesting both substrates, it benefits each other by 

making an ideal composition for anaerobic digestion; 

increasing the methane yield by 8%. Karaket 

Wattanasit’s research (28) as seen in table 2.4.1, studied 

the effects of co-digesting DC to POME at varying 

percentages. It showed that by co-digesting DC+POME 

increased by a minimum of 55% in methane yield, further 

optimization showed that by co-digesting DC (30%) 

+POME (70%) resulted in an increase by around 108% 

in methane yield when compared to the mono-digestion 

of DC. 

A variety of inoculum were used for the inoculation 

of decanter cake. Using different types of sludge from 

POME, anaerobic biogas, waste water and a combination 

of POME + biogas. in N. Khairul Anuar’s research (27)  

shows the effect of inoculum comparing different S/I 

ratios which include a study without the use of inoculum. 

It showed that without inoculum the methane production 

will be low, although too much inoculum can also hinder 

the methane production. 

The temperature affected the methane production of 

DC based on the literature by SJ Malik (29) that around 

46% more methane was yielded during 38oC  compared 

to 26oC. It was further supported by Muthita Tepsour’s 

research (22) which uses the temperature of 55 oC and 35 
oC where DC digested at 55 oC resulted in a higher 

methane yield compared to 35 oC by 110%. This shows 

that an increase in temperature can increase the methane 

production. 

It was also found that the ideal pH of anaerobic 

digestion was within the neutral range of 7 pH. It is ideal 

to have a neutral pH because the methanogenic bacteria 

operate best at an environment with a neutral pH, 

consequently a pH higher or lower than 7 can damage the 

microorganisms resulting in the decrease of methane 

production or kill the microorganism resulting in the 

crash of the anaerobic digestion process. It can be further 

supported by Muthita Tepsour’s research that the 

addition of OPA as buffer was helpful in regulating the 

pH especially during the acidogenesis and acetogenesis 

stage where a spike in pH happens. 

The pretreatment of DC was done in different 

methods. Based on the research by Thaniya Kaosol (30), 

the DC that has gone through oven pretreatment 

produced a higher methane yield compared to un- 

pretreated DC by around 25%. This was further 

supported by Chonticha Rongwang’s research (32) as 

seen in table 2.4.2, showed that the use of ozone 

pretreatment increased the methane yield by around 24 – 

52 % and thermal pretreatment increased by 3% - 9% 

compared to untreated DC. This shows that different 

methods of pretreatment of DC can potentially increase 

the methane production.
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Table 2.3.3 Summary of Empty Fruit Bunch (EFB) for methane production 

Substrate Digestion 

method 

Pretreatment Inoculum 

Type 

Temp  

(oC) 

pH Time 

(days) 

Methane 

Yield 

Ref 

EFB + SCS 
(95:5) 

Solid State 

anaerobic co-
digestion 

Oven dried, 
grinded to 5mm, 

Methane 

production 
sludge 

enriched + 
POME 

35 7±0.0 50 18.2 ml 
CH4 /g VS 

(40) 

EFB + 10% 
OPA 

Solid State 

Anaerobic 
mono-
digestion 

Pressurized 

steam (145oC), 
drying (105oC), 

Size reduction 
<2mm 

Anaerobic 

sludge + 
POME 

55 7±0.0 60 375 ml 
CH4/g VS 

(22) 

EFB + DC 
(19:1) 

Solid State 

Anaerobic co-

digestion 

Pressurized 

steam (145oC), 

drying (105oC), 
Size reduction 
<2mm 

Anaerobic 

sludge + 

POME 

55 7±0.0 60 353 ml 
CH4/g VS 

(22) 

EFB (2g 

VS/L) + 

POME (2g 
VS/L) 

Anaerobic co-
digestion 

Shredding (0.5 
cm) 

ND  35 7±0.0 30 323 ml 
CH4/g VS. 

(23) 

EFB + CM Anaerobic co-
digestion 

Size reduction 
(2cm) 

Cow manure Ambient 
temp. 

7±0.0 80 114 ml 
CH4/g VS  

(19) 

EFBMM fed 
13 L/day 

Anaerobic 

mono-
digestion semi-
wet semi-batch 

Size reduction 
(2cm) 

Cow manure 35 7±0.0 66 2.43 ml 
CH4/g VS 

(24) 

EFB Anaerobic 

mono-
digestion 

Size reduction, 

12% NaOH 100 
oC 

Biogas Sludge 45 7±0.0 20 161.84 ml 
CH4 /g VS 

(Nic Agust) 

EFB 

(TS 10- 
15%) 

Solid State 

Anaerobic 

mono-
digestion 

Size reduction Biogas Sludge 55 7±0.0 35 429 ml 
CH4/g VS 

(25) 

EFB 

(TS 16%) 

Solid State 
Anaerobic 

mono-
digestion 

Oven dried 
(95oC for 48 h), 

Size reduction 
(5mm) 

POME sludge 55 7±0.0 20 223 ml 
CH4/g VS 

(18) 

EFB 

(TS 25%) 

Solid State 

Anaerobic 

mono-
digestion 

Oven dried 

(95oC for 48 

hours), Size 
reduction (5mm) 

POME sludge 37 7±0.0 45 144 mL 
CH4/g VS 

(35) 

EFB Anaerobic 
mono-
digestion 

Size reduction 
(1-5cm) 

Anaerobic 
methanogenic 

bacteria 
sludge 

55 7±1.0 40 211.7 mL 
CH4/g VS 

(25) 

As can be seen from the table 2.4.3, DC as substrate 

can be converted into biogas at different variations of 

combinations of parameters. DC can be co-digested with 

other substrates to balance the characteristic it lacks for 

methane production. By comparing different sources of 

literature, it was found that the anaerobic co-digestion of 

DC+POME that has gone through the pretreatments of 

size reduction, using inoculum as biogas sludge at 

operating temperature of 60 oC. The methane yield of this 

specific method is 613 ml CH4/g VS. 
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Table 2.4.1 Summary of Karaket Wattanasit, Kasem Asawateratanakil and Sompong O-thong’s research (28) 

Anaerobic co-digestion 

Parameters Range of 

Study (%) 

Methane Yield (ml 

CH4/g VS) 

Optimum condition 

Percentage of POME and DC 50/50 549.0003 Co-digestion of 70% 

POME + 30% DC 
60/40 518.8853 

70/30 613.0026 

80/20 544.6697 

90/10 426.246 

100 472.9005 

 

 

Table 2.4.2 Summary of Chonticha Rongwang, Supawadee Polprasert and Suwimon Kanchanasuta’s research (32) 

Pretreatment 

Parameters Range of Study Methane yield (ml 

CH4/g TS) 

Optimum 

condition 

Type of pre-

treatment 

No pretreatment 382.38 Ozone 60 min 

Ozone pretreatment 20 min 

 

476.37 

Ozone pretreatment 60 min 580.63 

Thermal pretreatment 30 min 393.69 

Thermal pretreatment 60 min 417.65 

2.5. Oil Palm Trunk (OPT)

OPT was found to be a viable substrate for biogas 

production by anaerobic digestion. From multiple 

literatures about OPT, it showed that operating 

temperature, operating pH, co-digestion of substrates, 

type of inoculum and methods of pretreatment affected 

the production of biogas. 

The main substrate used for this study is OPT. 

Based on the research from Wantanasak Suksong (18), 

OPT is capable of mono-digestion with POME as 

inoculum. This was further supported by Sisrsuda 

Chaikitkaew (33) where it shows OPT with the 

inoculum of anaerobic sludge granules has the potential 

to produce methane. OPT that is in the form of effluent 

from the production of bioethanol produced a higher 

methane yield compared to raw OPT. Co-digestion 

shows a viable production of methane based on 

Tanawut Nutongkaew (34) where OPTr was co-

digested with POME. 

The inoculum used were POME, anaerobic sludge 

and a combination of both. Based on Wantanasak 

Suksong (18) different S/I ratio shows to have an effect 

on the methane production, where 3:1 ratio resulted in 

a better methane yield. It further showed that without 

the presence of an inoculum the methane production 

will be low, although too much inoculum can also 

hinder the methane production.  

The temperature effects the methane yield based on 

Wantanasak Suksong research (18). During 

thermophilic temperatures; the methane yield is around 

12% more compared to during mesophilic temperatures 

for the mono-digestion of OPT, as seen in table 2.5.1.  
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The ideal pH of anaerobic digestion was found to 

be at the neutral pH of 7. It is the most ideal for the 

methanogenic bacteria to grow. An increase or a 

decrease in the operating pH can damage the bacteria, 

which can hinder the production of methane therefore 

stopping the process of anaerobic digestion. 

The pretreatments used were all different from one 

another, but size reduction has been shown to be one of 

the most important methods of pretreatment as it is 

present in most methods of anaerobic digestion. Based 

on  Tanawut Nutongkaew’s research (34) that the 

application of enzyme pretreatment increased the 

methane yield by around 4% compared to untreated 

substrate. Although it was also found that improper pre-

treatment resulted in the decrease of methane yield by 

around 16%. This can be observed from table 2.5.2.  

From the table 2.5.3, the optimum method of 

anaerobic digestion for OPT was found to be by using 

the co-digestion OPTr and POME hydrolysate, that has 

gone through a pretreatment of size reduction, sun 

drying and oven drying. The inoculum used was a 

mixture of anaerobic seed sludge and POME. The 

operating pH was 7 at 37 oC for 30 days, which 

produced a methane yield of 369±6.10 mL CH4/g VS.  

 

Table 2.4.3 Summary of Decanter Cake (DC) for methane production. 

Substrate Digestion 

method 

Pretreatment Inoculum 

Type 

Temp  

(oC) 

pH Time 

(days) 

Methane 

Yield 

Ref 

DC+ 5% 
OPA 

(TS 15%) 

Solid State 

Anaerobic 
mono-digestion 

Pressurized 

steam (145oC), 
drying (105oC), 

Size reduction 
<2mm 

Anaerobic 

sludge + 
POME sludge 

55 7±0.0 60 160 ml 
CH4/g VS 

(22) 

DC+EFB Anaerobic co-
digestion 

Size reduction  Waste water 
sludge 

37 7±0.0 3 418.9 ml 
CH4/g TS* 

(26) 

DC+ POME Anaerobic 
digestion 

Size reduction Biogas sludge 60 7±0.0 45 613 ml 
CH4/g VS. 

 

(26) 

DC Anaerobic 
mono-digestion 

Oven dried 

(95oC) for 48 

hours, Size 

reduction to 
3mm 

ND 38 7±0.0 21 57 – 72 ml 

CH4/g raw 
material* 

(29) 

DC + 
Rubber 

block waste 
water 

Anaerobic 
digestion 

Size reduction Methane 
fermentation 

stage of UASB 

from seafood 
industry 

Ambient 
temp. 

7±1.0 100 1673 ml 
CH4* 

(31) 

DC (25% 
TS) 

Anaerobic 
mono-digestion 

Untreated Sewage Sludge 38±1.00 7±1.0 10 3.25 ml 
CH4/g VS. 

 

(27) 

DC Anaerobic 
mono-digestion 

Diluted with 

water (1:5), 

Microwaved 
(169 W for 8 
min)  

POME sludge 35 7.2 ± 

1.0 

45 309.9 ml 

CH4/g 
COD* 

(31) 

DC Anaerobic 
mono-digestion 

Ozone 
pretreatment (60 
min) 

Anaerobic 
sludge from 

beverage 

wastewater 
treatment 

37 7±0.0 35 580.63 ml 
CH4/g TS* 

(32) 

DC (25% 
TS) 

Solid state 

anaerobic 
mono-digestion 

Oven dried 

(95oC for 48 

hours), Size 
reduction (5mm) 

POME sludge 37 7±0.0 45 128 mL 
CH4/g VS 

(35) 

Advances in Biological Sciences Research, volume 16

165



 

Table 2.5.1 Summary of Wantanasak Suksong, Aminee Jehlee, Apimya Singkhala and friends’ research (18)

Table 2.5.2 Summary of Tanawut Nutongkaew and friend’s research (34) 

 

Table 2.5.3 Summary of Oil Palm Trunk (OPT) for methane production. 

Substrate Digestion 

method 

Pretreatment Inoculum 

Type 

Temp  

(oC) 

pH Time 

(days) 

Methane 

Yield 

Ref. 

OPT  

(TS 16%) 

Solid State 

Anaerobic 

mono-
digestion 

Oven dried (95oC 

for 48 h), Size 
reduction (5mm) 

POME 
sludge 

55 7± 0.0 20 161 ml 
CH4/g VS 

(18) 

OPT Acidic 

effluent from 
simultaneous 

saccharification 

fermentation 
hydrogen 

Anaerobic 
digestion 

Size reduction 

(10mm), Lime 
pretreatment 
(60oC for 121 h) 

Anaerobic 

granule 
from waste 
water 

35 7.5 ND 6.0 ± 0.4 – 

388.5 ± 8.2 
mL CH4/g 
OPT* 

(33) 

OPTr + POME 

hydrolysate 

Anaerobic 

co-digestion 

Size reduction, 

Sun dried, Oven 

dried (68oC), 
Crude enzyme 

Anaerobic 

sludge + 
POME 

37 7± 0.1 30 369±6.10 

mL CH4/g 
VS 

(34) 

OPT Solid 

Anaerobic 
digestion 

Size reduction 

(10mm), Lime 
pretreatment 
(60oC for 121 h) 

Anaerobic 

granule 
from waste 
water 

35 7.5 ND 309.4 ± 2.3 

mL CH4/g 
OPT* 

(Sitthikitp

anya et 
al., 201 

 

 

Enzyme pretreatment 

Crude enzymes from T. koningiopsis TM3 

Anaerobic Co-digestion of OPT 

Parameters Range of Study Methane Yield 

(ml CH4/g VS) 

Optimum 

condition 
Substrate co-digestion 

Co-digestion with 

and without enzyme 

hydrolysis 1:1 (v/v) 

POME with OPTr (No 

pretreatment) 

355±3.84 POME 

hydrolysate 

with OPTr POME with OPTr hydrolysate 305±3.85  

POME hydrolysate with OPTr 369±6.10 

POME hydrolysate with OPTr 

hydrolysate 

355±0.06 

 

Solid State Anaerobic Digestion of OPT 

Parameters Range of Study Optimum condition 

S/I Thermophilic  Mesophilic 

Methane yield (ml CH4/g VS) 

Feedstock to Inoculum Ratio at 

thermophilic and mesophilic 

conditions 

2:1 63.5 57.8 S:I ratio of 3:1 at 

thermophilic 

conditions 3:1 63.8 57.1 

4:1 60.7 51.4 

5:1 59.1 44.6 
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2.6. Mesocarp fiber (MF) 

The potential of MF to be a substrate for the biogas 

production was studied. It was found that MF does have 

the potential for biogas production through different 

methods of anaerobic digestion and with different 

parameters. It was found that co-digestion, inoculum 

type, pretreatment method, operating temperature, 

operating pH, and duration of digestion all have 

individual effects. 

The substrate used was mainly from MF. It was 

found that MF has the potential to produce biogas by 

anaerobic mono-digestion. Based on Sirsuda 

Chaikitkaew’s research (35) MF with POME sludge as 

inoculum were able to produce significant amounts of 

methane of 140 ml CH4/g VS. It was also observed in 

Pornwimon Wadchasit’s research (25) that showed that 

MF inoculated with anaerobic methanogenic bacteria 

sludge was able to produce high methane yields. Co-

digestion with another biomass was found to be 

beneficial. In Mohammed Saidu’s research (36) co-

digesting MF with CM produced higher methane yield 

compared to the mono-digestion of MF. This was 

further supported by M Saidu and friends’ research 

(37). Co-digestion with another type of oil palm solid 

waste such as EFB was found to be beneficial. In the 

research by Supanna Chaipa (38), it was found that MF 

alone has low methane yields but when co-digested 

with EFB, resulted; in an increased methane production 

by up to around 8 – 25%. From these literatures, it can 

be concluded that MF has great potential to be substrate 

for biogas by means of co-digestion or mono-digestion. 

Inoculum used were unique to each method of 

anaerobic digestion. The inoculums used for MF were 

POME sludge, biogas sludge, anaerobic methanogenic 

sludge and waste water sludge. The amount of 

inoculum used can affect the methane production. 

Sirsuda Chaikitkaew’s research (35), showed that too 

little inoculum can reduce methane production and too 

much inoculum can also have the same effect. The 

balance between the substrate and inoculum are unique 

to each process of anaerobic digestion. 

The effects of temperature on the anaerobic 

digestion of EFB was studied in Pornwimon 

Wadchasit’s research (25) which showed that during 

the temperature of 55oC it yielded up to 27% more 

methane compared to when the temperatures were at 

40oC. This shows that temperature has an effect on the 

methane production which can be seen from table 2.6.1. 

The ideal pH was found to be neutral at the pH of 7. 

The operating pH for most if not all of the anaerobic 

digestion shows that neutral is ideal for the growth and 

survival of the methanogenic bacteria. 

The effects of pretreatment of MF were studied 

from different literatures. Devin Pathavi researched on 

the effect of pretreatments on MF and found that 

alkaline pretreatment resulted in a higher methane 

production while untreated MF resulted in the lowest 

methane production. It was also further studied by 

Mohammed Saidu (36) as shown in table 2.6.2, which 

supported that mono digestion of MF that was 

pretreated using biological pretreatment resulted in a 

higher methane yield compared to untreated MF by up 

to 161%. When the biological pretreatment of the co-

digestion of MF+CM was compared to the untreated 

MF + CM, the pretreated co-digestion had a higher 

methane yield up to 115%. 

Table 2.6.3 shows the best method to convert MF to 

methane was found to be pretreating MF by size 

reduction and inoculated with anaerobic methanogenic 

bacteria sludge. With operating pH of 7 at the 

temperature of 55 oC for 40 days. Which produced a 

methane yield of 269.107 mL CH4/g VS. 

2.7. Comparison of substrates at similar 

conditions 

       When the methane yield of oil palm solid wastes at 

similar operating parameters and method were 

compared, it was found that Empty Fruit Bunch (EFB) 

had the highest potential of methane yield of 429  ml 

CH4/g VS followed by Mesocarp Fibre (MF), Oil Palm 

Frond (OPF), Oil Palm Trunk (OPT), Decanter Cake 

(DC) with 269.107 ml CH4/g VS, 207 ml CH4/g VS, 

161 ml CH4/g VS and 160 ml CH4/g VS, respectively. 

This shows that by altering the method of digestion and 

the operating parameters the potential of a substrate can 

significantly increase. DC produced the least amount of 

methane yield in table 2.7, although in table 2.8 at 

different methods of anaerobic digestion and operating 

parameters, it produced the highest methane yield. This 

shows that the potential of a substrate can drastically 

increase at the right operating parameters and method 

used. 

2.8. Comparison of oil palm solid waste for 

methane production 

From the five different oil palm solid wastes; Oil 

Palm Frond (OPF), Empty Fruit Bunch (EFB), 

Decanter Cake (DC), Oil Palm Trunk (OPT) and 

Mesocarp Fibre (MF) the best substrate and method 

used were DC with the highest methane yield of 613 ml 

CH4/g VS followed by OPF, EFB, OPT and MF with 

514 ml CH4/g VS, 429 ml CH4/g VS, 369±6.10 mL 

CH4/g VS, and 269.107 mL CH4/g VS, respectively. 

The best method for methane production of DC was 

found to be the co-digestion of DC + POME with a 

pretreatment by size reduction using an inoculum of 

biogas sludge with the operating temperature of 60oC 

and pH of 7 for 45 days. This specific method of 

anaerobic digestion by utilizing substrate co-digestion, 
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operating temperature, operating pH, duration of 

digestion and method of pretreatment for the anaerobic 

digestion of DC has produced the highest methane yield 

as can be seen on table 2.8. Utilization of two types of 

waste can be beneficial for the environment and can be 

an economically viable option. Although, operating at 

high temperatures at prolonged time can be a 

disadvantage as it will require higher energy 

consumption

Table 2.6.1 Summary of Pornwimon Wadchasit, Chairat Siripattana and friends’ research (25). 

Anaerobic digestion of Mesocarp Fibre 

Parameters Range of Study Methane yield (ml CH4/g 

VS) 

Optimum condition 

S/I Temperature 

(oC) 

Effect of Temperature 1:16 

 

40 212.3472 At thermophilic 

temperature of 55 
oC 55 269.107 

Table 2.6.2 Summary of Mohammed Saidu, Ali Yuzir and friends’ research (36). 

Biological Pretreatment 

Microorganism White rot fungi 

Anaerobic co-digestion 

Parameters Range of Study Methane yield 

(ml CH4/g VS) 

Optimum condition 

Co-digestion of 

feedstock 

Pretreated MF (3.5 L) + CM 

(3.5 L) inoculated with 

POME (1L) 

69.3 R1 Pre-treated MF + CM POME 

with 3.5 L each of both treated MF 

and CM inoculated with 1 L of 

POME 
Untreated MF (3.5 L) + CM 

(3.5 L) inoculated with 

POME (1L) 

32.2 

Pre-treated MF 12.96 

Untreated MF 4.96 

If economic viability is considered, the next substrate 

that had the highest methane yield of 514 ml CH4/g VS 

was obtained by wet anaerobic mono-digestion at 35 oC 

using OPF from bioethanol effluent. Not only does it 

utilize waste of OPF, it utilizes the waste post bioethanol 

production from OPF as a substrate for biogas 

production. Which means that OPF is capable of 

producing two types of biofuel; bioethanol and biogas as 

a whole process. It was also found that OPF has the 

highest total share in oil palm solid wastes, contributing 

to around 38%. Currently OPF is under-utilized for 

biofuels as it is mostly used for ruminants or animal feed. 

Utilization of OPF will increase its added value. 

 

3.  DISCUSSION AND CONCLUDING 

REMARKS 

Based on the research done using 30 different 

literatures, it can be concluded that all types of the studied 

palm oil solid wastes: Mesocarp Fibre (MF), Empty Fruit 

Bunch (EFB), Oil Palm Frond (OPF), Oil Palm Trunk 

(OPT) and Decanter Cake (DC) showed potential as 

substrate for the production of biogas. 

It was found that by anaerobic digestion with similar 

methods and operating parameters, EFB produced the 

highest methane yield of 429 mL CH4/g VS, MF 269 mL 

CH4/g VS, OPF 207 ml CH4/g VS, OPT 161 ml CH4/g 

VS, DC 160 ml CH4/g VS. 
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By using different methods of digestion and operating 

parameters, it was found that DC produced the highest 

methane yield of 613 ml CH4/g VS with the following 

conditions: Co-digestion: DC + POME, operating 

temperature: 60 oC, duration (days): 45, pH: 7, 

pretreatment: size reduction; and inoculum: biogas 

sludge. 

However, with the consideration of technology and 

economic; it was found that using Oil Palm Frond 

(OPF) as the waste from bioethanol production was 

the most viable and preferable. As it produced a 

high methane   yield of 514 ml CH4/g VS with lower 

operating cost based on the operating temperature and 

duration.  

 

Table 2.6.3 Summary of Mesocarp Fibre (MF) for methane production. 

Biological Pretreatment 

Microorganism White rot fungi 

Anaerobic co-digestion 

Parameters Range of Study Methane yield 

(ml CH4/g VS) 

Optimum condition 

Co-digestion of 

feedstock 

Pretreated MF (3.5 L) + 

CM (3.5 L) inoculated with 

POME (1L) 

69.3 R1 Pre-treated MF + CM POME 

with 3.5 L each of both treated 

MF and CM inoculated with 1 L 

of POME 
Untreated MF (3.5 L) + 

CM (3.5 L) inoculated with 

POME (1L) 

32.2 

Pre-treated MF 12.96 

Untreated MF 4.96 

Substrate Digestion 

method 

Pretreatment Inoculum 

Type 

Temp  

(oC) 

pH Time 

(days) 

Methane 

Yield 

Ref 

MF Solid state 

anaerobic 
mono-
digestion 

Oven dried (95oC 

for 48 hours), Size 
reduction (5mm) 

POME sludge 37 7±0.0 45 140 ml 
CH4/g VS 

(35) 

MF Anaerobic 
mono-
digestion 

Oven dried (105oC 
for 14 hours), Size 

reduction, Alkaline 

pretreatment (4 
hours) 

Biogas Sludge 35±0.5 7±1.0 21 4170 ml* (Pathavi, 
2019) 

MF  

(TS 10-
15%) 

Solid State 
Anaerobic 

mono-
digestion 

Size reduction (1-
5cm) 

Anaerobic 
sludge 

55 7±1.0 40 269.107 
mL CH4/g 
VS 

(25) 

MF+ CM Anaerobic co-
digestion 

Biological 
pretreatment 

POME Sludge Ambient 
temperature 

7±1.0 30 69.3 ml 
CH4/g VS 

(25) 

MF + EFB 
(50:50) 

Co-digestion 

(semi batch 
fermentation 

refilled 0.3 g 
every 5 days) 

Size reduction 

(10mm), NaOH 
10% (30 min) 

Waste water 

treatment 
sludge 

60 7-8 30 222.28 ml 
CH4/g VS 

(38) 
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Table 2.7 Summary of methane yield of oil palm solid wastes at similar working conditions. 

Substrate Digestion 

method 

Pretreatment Inoculum 

Type 

Temp 

(oC) 

pH Time 

(days) 

Methane 

Yield 

Ref. 

OPF 

(TS 16%) 

Solid State 

Anaerobic 

mono-
digestion 

Oven dried (95oC 

for 48 h), Size 
reduction (5mm) 

POME 
sludge 

55 7±0.0 20 207 ml 
CH4/g VS 

 

(18) 

EFB 

(TS 10- 
15%) 

Solid State 

Anaerobic 
mono-
digestion 

Size reduction Biogas 
Sludge 

55 7±0.0 35 429 ml 
CH4/g VS 

(25) 

DC+ 5% 
OPA 

(TS 15%) 

Solid State 
Anaerobic 

mono-
digestion 

Pressurized steam 
(145oC), drying 

(105oC), Size 
reduction <2mm 

Anaerobic 
sludge + 

POME 
sludge 

55 7±0.0 60 160 ml 
CH4/g VS 

(22) 

OPT  

(TS 16%) 

Solid State 

Anaerobic 
mono-
digestion 

Oven dried (95oC 

for 48 h), Size 
reduction (5mm) 

POME 
sludge 

55 7±0.0 20 161 ml 
CH4/g VS 

(18) 

MF  

(TS 10-15%) 

Solid State 
Anaerobic 

mono-
digestion 

Size reduction (1-
5cm) 

Anaerobic 
sludge 

55 7±1.0 40 269.107 
mL CH4/g 
VS 

(25) 

Table 2.8 Summary of optimum methane production from oil palm solid wastes. 

Substrate Digestion 

method 

Pretreatment Inoculum 

Type 

Temp  

(oC) 

pH Time 

(days) 

Methane 

Yield 

Ref. 

OPF 

ethanol 
effluent 

Wet 

anaerobic 
digestion 

Size reduction 

and Co 

pretreatment: 
Water + 
Microwave 

POME plant 

sludge 

35 7.3 -

7.5 

ND 514 ml 

CH4/g VS  

 

(21) 

EFB 

(TS 10- 
15%) 

Solid State 
Anaerobic 

mono-
digestion 

Size reduction Biogas Sludge 55 7±0.0 35 429 ml 
CH4/g VS 

(25) 

DC+ 
POME 

Anaerobic 
digestion 

Size reduction Biogas sludge 60 7±0.0 45 613 ml 
CH4/g VS. 

 

(26) 

OPTr  + 
POME 
hydrolysate  

Anaerobic 
co-digestion 

Size reduction, 
Sun dried, Oven 

dried (68oC), 
Crude enzyme 

Anaerobic 
sludge + POME 

37 7±0.1 30 369±6.10 
mL CH4/g 
VS 

(34) 

MF  Anaerobic 

mono-
digestion 

Size reduction 

(1-5cm) 

Anaerobic 

sludge 

55 7±1.0 40 269.107 

mL CH4/g 
VS 

(25) 

From the available oil palm solid waste, OPF has the 

highest contribution of the total solid waste with 38%. 

This shows that OPF has the potential to be used for 

biogas and bioethanol production and will increase their 

added value, which could help Indonesia reach the goal 

of 23% renewable energy by 2025 
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