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Abstract 

Despite its abundance at the palm oil mill, the oil palm decanter cake could be 
co-digested due to its high easily biodegradable organic contents, especially 
lipids for enhancing methane production. In this study, the feasibility of co-
digestion decanter cake and sewage sludge was assessed in batch biochemical 
methane potential (BMP) serum bottle 125 mL, prior up-scaled in a lab reactor. 
The effect of different inoculum to substrate ratios (I/S) on biogas production was 
investigated at mesophilic condition (38 ± 1 °C). The batch study was conducted 
at the ratio I/S of 1:0.5, ratio 1:1 and ratio 1:2 and sewage sludge alone as control 
at ratio 1:0. Daily biogas collection for the ratio of 1:2 had resulted the highest 
cumulative biogas production among the other ratios which is 247 mL. The 
highest methane yield was obtained at mixing ratio of 1:0.5 with 165.6 mL CH4/g 
VS. As a comparison, all co-digestion ratios produced more biogas than the 
sewage sludge alone. Based on the optimized ratio, the biogas and methane 
production were observed in a lab-scale anaerobic digester. The cumulative 
methane production of 2398 mL CH4/g VS was obtained for the ratio I/S of 1:0.5. 
Our finding proved that anaerobic co-digestion of sewage sludge and decanter 
cake potentially be utilized for methane production.  

Keywords: Anaerobic co-digestion, Batch fermentation, Decanter cake, Methane 
yield, Sewage sludge. 
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1.  Introduction 
Large quantities of sewage sludge contribute to high release of methane for 
electricity production [1]. Currently in Malaysia, Indah Water Konsortium Sdn Bhd 
(IWK) has 35 large plants which is 247 GWh/y electricity generated in 2017 [2]. 
However, IWK had begun planning to reuse the sewage sludge produced from 
WWTPs for PE less than 100,000, which is mostly disposed through landfill and 
incineration [1]. Thus, capturing and using the methane produced from closed 
anaerobic digester can precludes its release to the atmosphere and can be used to 
generate ‘green’ electricity for public use.  

There are several studies suggesting that an increase of methane yield can be 
achieved through co-digestion of sewage sludge with lipid-based material such as 
grease waste (GW) [3]. The study by Silvestre et al. [3] reported that GW is a 
suitable co-substrate for the anaerobic digestion of sewage sludge. With GW 
addition at 23% of VS fed (HRT = 20 days, OLR = 3.0 kgCOD/m3 d), an increase 
of 138% in the methane yield was observed. Meanwhile, Noutsopolous et al. [4] 
highlighted that the residual oil in decanter cake has a potential to be co-digested 
with sewage sludge for methane production. The crude lipid content is estimated at 
about 9.5% for every 100 g of the decanter cake. 

Generally, an average palm oil mill which processes 90 tonnes of fresh fruit bunches 
per hour can produce approximately 160-200 tonnes of decanter cake per month. 
Decanter cakes (DC) are the major wastes in crude palm oil industry which are currently 
disposed in the landfill or reuse as fertilizer. Decanter cake mostly used as animal feed 
that made in grade pellets [5] and as digestate which is used as fertilizer [6]. Over the 
last several decades, decanter cake has been utilized as soil conditioner and pet food, a 
raw material for cellulose and polyose [7]. Currently DC has been utilized as feedstock 
for production of cellulose and polylose, bio-surfactant, bio-butanol and biodiesel [8]. 
DC has also been used as a substrate in anaerobic digestion [9]. 

Work by Neves et al. [10] reported that controlled intermittent inputs of oil can 
enhance the methane production in a co-digestion of cow manure and food waste, 
confirming that anaerobic digestion of lipids is a success. Considering these facts, it 
seems necessary to investigate co-digestion for methane production based on the waste 
resources availability. The decanter cake and sewage sludge could be the key driving 
forces to explore the potential of methane production from co-digestion process.  

The benefits of anaerobic co-digestion include improving the nutrient balance, 
increasing digestion rate, increasing load of biodegradable organic matter and 
producing better biogas yield [11]. The anaerobic co-digestion also may improve 
the biogas production due to carbon, nitrogen and nutrient balance. Mata-Alvarez 
et al. [11] also reported in the review two examples of the full-scale implementation 
of co-digestion sewage sludge and used oil (fat, oil and grease) in Vancouver, 
Canada and Watsonville, United States. Between 2010 and 2013 the publications 
dealing with fats, oils and greases as sludge co-substrate have been increased [11].  

The decanter cake, composed of high biodegradable organic content and 
nutrient-rich composition, is ideal feedstock for the production of bioenergy such 
as methane via fermentation. Decanter cake has a potential to accelerate biogas 
production due to its high organic content (mainly in the form of fats). Lipids/fats 
are degraded following a specific anaerobic chain reaction and a metabolic route, 
which is different from that of proteins and carbohydrates. In the first step, the 
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neutral fats are hydrolysed (lipolyzed) into free long-chain fatty acids (LCFAs) and 
glycerol catalysed by extracellular lipases. The free LCFAs are converted into 
acetate and H2 by acetogenic bacteria, and finally methane is produced by 
methanogenic bacteria. As the fat concentration in SS is generally low, the 
introduction of fatty wastes into a sewage sludge anaerobic reactor can change the 
biochemical activities of the different groups of anaerobic microorganisms [3]. 
Therefore, co-digestion of decanter cake with sewage sludge is considered as an 
attractive potential substrate for enhancing methane production.   

Few studies used decanter cake as substrate for example Kanchanasuta et al. [9] 
and Eko and Chaiprasert [12]. Another study by Kaosol and Sohgrathok [13] co-
digested the DC with different wastewaters and Tepsour et al [14] used oil palm 
empty fruit bunch (OPEFB) and DC, had resulted positive impact on the production 
of methane gas at the different organic loading rate and substate to inoculum ratio, 
respectively. The study by Kaosol and Sohgrathok [13] reported that the co-
digestion of decanter cake with rubber block wastewater of the R4 (wastewater 200 
ml with decanter cake 8 g) produces the highest biogas yield 3,809 mL CH4/g COD 
removal and the percentage maximum methane gas is 66.7%.  

However, until to-date the co-digestion of sewage sludge and decanter cake has not 
yet been reported elsewhere.  Therefore, the aim of this study is to study the potential 
use of decanter cake and sewage sludge as co-substrate for methane production. The 
methane yield was optimized in the serum bottle, prior the production of methane by 
using lab-scale anaerobic digester for such anaerobic co-digestion. 

2.  Material and Methods 

2.1. Substrate and inoculum 
Sewage sludge was obtained from wastewater treatment plant of Indah Water 
Konsortium. The decanter cake was collected from YL Palm Oil Industries Sdn. 
Bhd. The sewage sludge and decanter cake were stored at 4°C prior usage as the 
inoculum and substrate, respectively. The inoculum used for batch and for the start-
up of the batch reactor was the sludge from a full scale anaerobic mesophilic 
digester. The substrate and inoculum were characterized based on total solid (TS), 
volatile solid (VS), pH, carbon (C) and nitrogen (N) content, chemical oxygen 
demand (COD) and ammonia nitrogen (NH3). All analytical procedures were 
performed in accordance with standard method [15].  

2.2. Experimental setup  

2.2.1. Batch fermentation in serum bottle (BMP) 
The batch fermentation was conducted in 125 mL serum bottles enclosed with 
rubber stoppers at working volume of 100 mL (Fig. 1) for biochemical methane 
potential (BMP). The samples were flushed with nitrogen gas for 2 min before 
sealed to remove traces of oxygen and to ensure anaerobic condition. Batch 
fermentation was conducted in temperature regime at 38±1°C temperature in a 
water bath (Memmert Waterbath WNB 45) for 30 days. Mixing was provided to all 
the serum bottles twice a day by manually shaking for 1 min. No external nutrients 
were added, as the nutrients present in the active inoculum served the purpose [16]. 
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Fig. 1. The batch fermentation in serum bottles. 

The digesters containing sewage sludge and decanter cake were mixed at 
inoculum to substrate (I/S) ratios of 1:0.5, 1:1 and 1:2 at 25% of total solid content. 
The sewage sludge alone at I/S ratio 1:0 was used as control and incubated in the 
same water bath. The pH samples were adjusted by using pH meter to 7±1.0 using 
sodium hydroxide (NaOH) to provide better growth conditions for methanogenic 
bacteria that can produce biogas and methane effectively at a pH value from 6.5 to 
8.0. During the fermentation, total gas volume and composition were daily monitored 
by gas chromatography (GC).  

2.2.2. Batch fermentation in lab-scale anaerobic digester 
Another batch fermentation was conducted in 6400 mL anaerobic digester at working 
volume of 5600 mL (Fig. 2). The schematic diagram was shown as in Fig. 3.  

 
Fig. 2. The batch fermentation in a lab anaerobic digester. 

The batch-mode anaerobic reactor was modified from Latifi et al. [17]. The 
digester containing sewage sludge and decanter cake were mixed at inoculum to 
substrate (I/S) ratios of 1:0.5 at 25% of total solid content. The system was flushed 
with nitrogen gas for 3 min to generate anaerobic condition. Batch fermentation was 
conducted in anaerobic temperature regime at 38±1°C temperature in an anaerobic 
digester for 14 days. The pH samples were adjusted by using pH meter to 7±1.0 using 
sodium hydroxide (NaOH).   
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Fig. 3. Schematic diagram of anaerobic digester. 

2.2.3. Analytical methods 
The methane yield was expressed as the volume of methane produced based on the 
initial total VS of the feedstock. The total solids (TS), total volatile solids (VS), 
ammonia nitrogen and chemical oxygen demand (COD) parameters were measured 
according to standard methods 2540 G and 5220 B, respectively [15]. The 
parameters were analysed at initial and final stage of the batch fermentation and the 
removal efficiency parameters such as TS, VS, COD and ammonia nitrogen was 
calculated. was 1:1). The produced biogas was stored in prefabricated bags made 
of gas corrosion-resistant plastic in laboratory conditions. The volume of the 
produced biogas was measured through vacuuming with 60 cc syringe [17]. The 
biogas was collected daily, and the cumulative biogas production was measured by 
water displacement method [18] .  

The biogas composition was measured by gas chromatoghraphy (GC) (Agilent 
6890) equipped with a HP-Molsieve 30.0m x 530µm nominal with a thermal 
conductivity detector (TCD). Argon was used as a carrier gas at a flow rate of 45 
mL/min. The alignment was completed with a mixed standard gas composed of 5% 
CO2, 2.5% O2, 5% N2, and 4% CH4. The column was maintained at 35 ⁰C for 7.5 
min, then ramped to 230 ⁰C at 24 ⁰C/min and held at this temperature for 5 min. 
The temperature of the injector and detector were 100 ⁰C and 150 ⁰C, respectively. 
The methane yield was expressed as the volume of methane produced based on the 
initial total VS of the feedstock and nitrogen and oxygen free basis. Gas 
measurement was reported in STP conditions (standard temperature and pressure, 
273 K, 1.01325 Pa). The other composition of biogas that was measured by GC are 
carbon dioxide (CO2), hydrogen (H2), nitrogen (N2) and oxygen (O2). However, in 
this paper, only methane gas was reported in the discussion.  

3.  Results and Discussion 

3.1. Biogas production from batch fermentation (BMP) 
The detail characteristics of sewage sludge and decanter cake have been reported in 
our previous publication [18]. The influence of inoculum to substrate (I/S) ratio on 
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biogas production for co-digestion between sewage sludge and decanter cake was 
observed for the I/S ratio of 1:0, 1:0.5, 1:1 and 1:2 with 25% of total solid content.  

The cumulative biogas production profile for all I/S ratios were shown as in Fig. 
4. According to the results, ratio 1:2 produced the highest volume of biogas followed 
by ratio 1:1, 1:0.5 and 1:0 which are 247 mL, 211 mL, 150 mL and 39 mL 
respectively, in total of 30 days batch fermentation. At first stage, ratio 1:1 produced 
more biogas than other ratios till day 25. The fermentation process then became 
slower until the end of the batch fermentation. The ratio 1:2 produced more biogas 
until the end of batch fermentation, but with the lowest methane yield (Fig. 5). 
Similarly to the ratio of 1.1. All co-digestion ratios produced more biogas than the 
sewage sludge alone. This proved that anaerobic co-digestion could improve the 
production of biogas. 

 
Fig. 4. Cumulative biogas production for 30 days. 

A study by Rajput and Sheikh [16] used different inoculums (digested manure, 
septic tank sludge and acclimatized sludge) to study the effect of inoculum type and 
organic loading (OL) on the biogas yield of co-digestion with sunflower meal and 
wheat straw. Their finding showed that biogas yield decreased with an increase in 
organic loads for both the substrates which probably due to rapid production of 
volatile fatty acids that could not be consumed as quickly as produced and might have 
resulted in lower biogas production. However, the work by Rajput and Sheikh [16] 
has not reported the methane yield and production. As can be seen in Fig. 4, different 
pattern was observed in our work with regards to the biogas produced with an 
increasing trend in accordance with the addition of substrates. For example, at the 
highest ratio of 1:2, the highest biogas volume produced  was 235 mL, but the 
measured methane yield was the lowest (as in Fig. 5). 

3.2. Methane yield from batch fermentation 
The methane yield in each biogas samples for each day are shown in Fig. 5. The 
result of the biogas production with the ratio 1:0.5 obtained the highest methane 
yield. The fermentation shows faster rate of digestion process at early fermentation 
compared to other ratios. Although the methane yield production becomes lower 
till the end of 30 days of fermentation, the ratio of 1:0.5  consistently produced the 
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highest methane gas. The highest methane yield of 23 mL g−1 VS was achieved at 
6 days fermentation. In this study, ratio 1:1 and ratio 1:2 generated the lowest 
methane yield although both ratios produced high volume of biogas as compared 
to the others ratio.  

The finding was in accordance with those reported by Suksong et al. [19]. They 
observed that methane yield of decanter cake and POME mixture decreased with 
increasing proportion of decanter cake in mesophilic conditions. It has also been 
reported by Suksong et al. [19] that the lower methane yield could be due to difficulty 
of microorganism to degrade the decanter cake which has high amount of 
lignocellulose of 32.78%.  

 
Fig. 5. Daily methane yield for 30 days. 

Figure 6 shows the cumulative methane yield for four different inoculums to 
substrate ratios. Methane yield for the ratio 1:0.5 increased rapidly starting from 
day 5 till the end of batch fermentation. The maximum yield of methane generated 
is 165.6 mL CH4/ g VS at the ratio 1:0.5 followed by ratio 1:0, 1:1 and 1:2 which 
was produced at 39.9, 18.0 and 7.4 mL CH4/ g VS, respectively. The results indicate 
that ratio of substrate (DC and sewage sludge) has a significant effect on the 
production of methane gas.  

In our previous published work [18], the C/N ratio of sewage sludge is 5.7 and 
DC is 20.43, respectively. Therefore, in the case of single digestion of sewage 
sludge (1:0), effective anaerobic digestion can be difficult due to low C/N ratio. In 
consequence, co-digestion of sewage sludge and decanter cake demonstrated 
positive effects to anaerobic digestion such as increasing in methane yield at certain 
ratio. Elsayed et al. [20] indicated that the great variance in C/N values between 
sewage sludge and any agro-wastes in the mixture may increase the methane 
production as compared to the individual substrates. 

The pH measurements can also be used as indicators of acid induced microbial 
inhibition that causes reactors to produce negligible amounts of biogas and CH4. In our 
study, all the initial pH was adjusted to pH 7. Final pH readings for the inoculum-only 
blank (I/S=1:0), 1:0.5 ration,1:1 and 1:2 was 8.70, 8.08, 6.82, and 6.60, respectively. As 
the substrate increased, final pH decreased. This trend indicated that higher substrate 
fractions of ratio 1:1 and 1:2 led to pH reduction which leading to minimal CH4 
production. The higher pH for ratio 1.0 and 1:0.5 coincides with the greatest amount of 
CH4 production compared to other ratios (Figs. 5 and 6). 
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Fig. 6. Cumulative methane yield for 30 days. 

Similar findings were observed by Dixon et al. [21] who investigated the effect of 
substrate to inoculum ratio (S/I) during high solids anaerobic digestion (15% TS) of 
different organic fraction of municipal solid waste e.g., food waste, yard waste, and 
biosolids with inoculum from dewatered sludge from anaerobic digester. Dixon et al. 
[21] observed that the BMPs with S/I =1.0 produced the greatest amount of methane as 
compared to ratio of 2.0 and 3.0. When the S/I is too high, it can lead to the rapid 
degradation of carbohydrates and overload the system with high concentrations of 
VFAs. On the contrary, ratio 1.0 had the least amount of VFAs and produced the most 
CH4. The acetogenic and methanogenic populations have been described as the 
populations most sensitive to LCFA inhibition. Luostarinen et al. [22] reported similar 
results during SS co-digestion with grease trap sludge from a meat processing plant. 
When grease trap sludge was increased from 46% to 58% of the feed VS, the methane 
yield did not increase, but no signs of inhibition were observed. Silvestre et al. [3] 
hypothesized that under these conditions, the degradation kinetics of LCFAs is the rate-
limiting stage, and inhibition phenomena are not relevant. 

In addition, the lignin content is also considerably high in decanter cake at 
approximately 31% [23] which could possibly limit the accessible surface area to 
get better hydrolisis efficiency of the decanter cake [24, 25]. This shows that the 
loading more organic materials has significant effect on the digestion. An increased 
in the decanter cake and sewage sludge can lower the production of methane gas. 

3.3. Biogas and methane production in lab-scale anaerobic digester 
Based on the optimized ratio from BMP test, the highest total methane yield was 
obtained at a ratio I/S of 1:0.5 (Fig. 7). Thus, the selected ratio of 1:0.5 was used in 
this lab-scale anaerobic digester as preliminary study to determine the production 
of methane. Temperature was maintained at 38°C and pH 7 at initial. 

Methane yield from lab-scale anaerobic digester was plotted as shown in Fig. 
8. Batch fermentation in reactor as referring to Fig. 8 has an increased cumulative 
methane, but the methane yield (vol/VS) has been decreased from day 7 until day 
13th After a week of decreasing pattern of methane yield (red line), we had decided 
to stop. Even, the methane yield was sudden upshooting at day 14 of fermentation 



2364       N. K. Anuar et al. 

 
 
Journal of Engineering Science and Technology               June 2021, Vol. 16(3) 

 

with the CH4 yield of 581 mL CH4/g VS. In addition, the preliminary study by BMP 
(Fig. 5) has significantly demonstrated that methane yield was from day 6th until 
14th, without any increment with the prolonged fermentation until day 29th (refer to 
ratio 1:0.5). Similar finding was observed by Eko and Chaipraset [12] that higher 
accumulated maximum biogas was produced from OPDC with pre-treatment was 
observed within 15 days (422.6 L) compared with OPDC without pre-treatment 
within 50 days (374.9 L). 

 
Fig. 7. Cumulative biogas for ratio 1:0.5 by anaerobic digester. 

The DC converted to methane corresponding to cumulative methane production 
of 2398 mL CH4/g VS. Our finding produced much higher methane yield as 
compared to study by Chakitkaew et al. [26] with 130 mL mL CH4/g VS at ratios of 
2:1 (POME inoculum to decanter cake). Their results, however reported only 
maximum methane yields from co-digestion of 3 different biomass residues of empty 
fruit bunch (EFB), palm press fibre (PPF) and decanter cake at different feed to 
inoculum ratios without daily results of biogas and methane produced. Another work 
by Saelor et al. [27] used co-digestion of POME and empty fruit bunch yield much 
lower methane with 320 mL CH4/g VS as compared to our study. 

Our study proved that the decanter cake has a potential to be used in co-digestion 
for methane production. A study by Suksong et al. [19] used co-digestion of palm oil 
mill effluent (POME) with empty fruit bunches (EFB) and decanter cake (DC) by 
two-stage solid state anaerobic digestion process. From the first stage, thermophilic 
hydrogen fermentation of co-digestion of POME with DC at 10, 30, 50 and 70% of 
DC in POME has hydrogen yield of 16, 14, 3 and 1 ml H2/g VS, respectively. The 
effluent from the hydrogen production was further converted to methane in the 
second stage. The methane yield from POME mixed with 10% DC was 391 ml CH4/g 
VS and from POME mixed with 10% EFB was 240 ml CH4/g VS. Another study by 
Lerdrattranataywee and Kaosol [23] concluded the best biogas production 
performance on An-CSTR process of decanter cake and block rubber wastewater was 
observed from the reactor with 10-day-HRT and 12 hr/day mixing time. The mixing 
time on An-CSTR processes have no significant effect on the biogas production. The 
average methane produced was 441 mL CH4/g VS. Their results supported our 
findings that decanter cake has positive attribute to enhance methane production rate. 
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Fig. 8. Methane yield and cumulative methane  

yield at lab-scale anaerobic digester with the ratio 1:0.5. 

4. Conclusions 
The results indicated that the methane gas can be generated by anaerobic co-
digestion of sewage sludge and decanter cake. The maximum yield of methane gas 
produced is at I/S ratio of 1:0.5. Co-digestion has positively affected to methane 
production when compared with anaerobic digestion of sewage sludge alone. 
Further investigations on the application of decanter cake for methane production 
is worth explored for greener solid waste management and renewable energy. 
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