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Abstract— Biochemical methane potential (BMP) is a standard test to assess the biogas (including methane) production from the 
anaerobic digestion of any organic waste. In many anaerobic digestions of sewage sludge, the inoculum to substrate ratio and mixing 
were variable to take into consideration for efficient performance. However, the organic content in sewage sludge varied due to the 
composition of the raw wastewater being treated and the treatment condition. This study is focused on the methane production from 
the digestion of domestic mixed sewage sludge in the batch reactor at different organic contents. Biochemical methane potential 
(BMP) was conducted at the inoculum to substrate ratio (I/S) ratio of 2:0, each with different organic content. On the termination day 
of the BMP assay, the sample from each BMP reactor was tested for pH, and alkalinity to determine the status of the anaerobic 
process. Results showed that the anaerobic process was stable since the pH remained in the pH range which is suitable for the 
anaerobic process to take place. The anaerobic process was also confirmed stabled as indicated by low value (< 0.3) of intermediate 
alkalinity to partial alkalinity ratio (IA/PA). The ultimate methane yield was 588.3 ml CH4/g VS at the organic content of 0.52 and 
1244.5 ml CH4/g VS at the organic content of 0.68 respectively. For the organic content of 0.68, the maximum methane production 
rate constant  was 13.97 mL CH4/g VS /hr. For the case of lower organic content, the maximum methane production rate constant was                  
6.41 mL CH4/g VS /hr. However, the lag phase of the methane yield curve for both organic content was less than one (1) day, showing 
the good biodegradability of domestic mixed sewage sludge.  
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I. INTRODUCTION 

Anaerobic digestion is a biochemical process produced 
biogas (including methane) as a final product. The anaerobic 
digestion process is achieved through several stages: 
hydrolysis, acidogenesis and methanogenesis. 
Methanogenesis is the last stage where the mixed 
methanogenic bacteria consume acetic acid, hydrogen, and 
some carbon dioxide to produce methane, as the sole 
reduced organic compound. The anaerobic process can take 
place in one reactor or in a two-step reactor. As for two-step 
reactors, one reactor is for hydrolysis and acidification 
followed by the second reactor for biogas production [1]. 
Anaerobic digestion is feasible to be installed in large scale 
and small scale [2]. 

Anaerobic digestion is applied worldwide for the 
treatment of different biomass and waste including wheat 
straw, oil palm, maize, and sewage. Anaerobic digestion is 
used widely for sewage treatment [3] at mesophilic and 

thermophilic temperature regime [4]. These two categories 
refer to broad ranges of operating temperature; 20OC to 
40OC for mesophilic while thermophilic is between 45OC to 
65OC. A change of 10OC would interfere the reaction rate 
either halved or doubled. It may also inhibit the process 
completely. In practice, the temperature control was done as 
precise as plus or minus one whole degree [5]. 

Sewage sludge comprises lumpy, flaky and colloidal 
solids interspersed with water [6]. The large portion of easily 
biodegradable organic in sewage sludge yields methane-rich 
biogas (55-70%) [7]. In practice, anaerobic digestion is 
applied to a mixture of primary and secondary (activated 
waste) sludge [8]. Secondary sludge, a by-product from the 
conversion of organic matter in activated sludge process is 
normally known as waste activated sludge (WAS).  WAS 
usually contained organic matter including proteins and 
carbohydrates [9]. However, primary sewage sludge 
contained more readily degradable organic matter [10], 
which is suspended particle [11]. Sewage sludge was 
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available in the form of municipal and domestic sludge. 
Municipal and domestic sewage sludge were different in the 
way that municipal sewage sludge originated from a 
municipal treatment plant treating domestic and industrial 
wastewater [11]. Meanwhile, domestic sewage sludge is a 
product of the treatment of domestic wastewater.  

The problems associated with sewage sludge are a 
continuous increase in sludge production. Disposal to 
landfill is restricted due to health and public concern [12]. 
Besides that, the modern wastewater management needs 
more allocation for sludge management and disposal [13]. 
Generally, up to 50 % of the whole cost of operating 
municipal wastewater treatment plant is allocated for 
disposal of sewage [14]. 

Anaerobic digestion at mesophilic temperature is an 
economical and environmentally friendly approach; able to 
meet the  legislative requirements and reduce the volume of 
sludge prior to final disposal [12]. Most studies on anaerobic 
digestion of sewage sludge were focused on municipal 
sewage sludge due to its availability in most parts of the 
world [13], [15]–[17]. 

The global energy demand is satisfied using fossil fuels 
(including coal, natural gas, etc.). However, environmental 
issues have become a dilemma due to fossil fuel 
consumption [18]. Methane from anaerobic digestion is a 
renewable alternative to fossil fuel [19]. Waste such as 
sewage sludge is used as a substrate for anaerobic digestion 
because it contains huge organic matter readily available for 
the digestion [3]. Anaerobic digestion could be considered as 
the sustainable treatment of sewage sludge. In this approach 
the recovery of useful, valuable component achieved. 
Besides that, the possible adverse impacts of sewage sludge 
on human and environment are minimized [1].  As a result, 
several European countries are actively producing electricity 
from sewage sludge [20].  

Biochemical methane potential (BMP) tests is a test to 
assess the efficiency of anaerobic digestibility and to 
evaluate the biogas production from targeted waste, e.g. 
municipal sewage sludge, vinegar residue, switchgrass, and 
meat-processing wastes  [20]–[23]. BMP test was considered 
as the most suitable method for an easy evaluation on 
anaerobic digestion [24]. Serum bottle or glass bottle was 
used for BMP tests  [7], [20], [25]. When using the serum or 
glass bottle as the batch anaerobic reactor, the biogas 
measurements were carried out manually [26], [27]. In a 
batch test, the substrate (waste) is incubated in closed serum 
or glass bottles at a specific temperature (mesophilic or 
thermophilic) with a specific amount of methanogenic 
inoculum and the biogas production (including methane) 
was observed until the biogas production is insignificant. 
Previously, a batch test was done at the small reactor of   118 
mL to the biggest reactor of 5 L [11], [28]. 

Recently, Automatic Methane Potential Test System 
(AMPTS II) was used to minimize human error in 
conducting batch BMP assays [26], [29]. Generally, AMPTS 
II measures only methane by eliminating other gases (H2S 
and CO2) [30]. 

Reference [31] conducted BMP test at batch mode for 
municipal mixed sewage sludge having the organic content 
of 0.72 and 0.78 as indicated by VS/TS ratio. VS/TS ratio 
ranged from 0.75 to 0.79 indicated a high amount of organic 

matter [32]. Feng, [33] also considered sewage sludge is 
having high organic content whenever the ratio of         
VS/TS ≥ 0.50. Therefore, VS/TS ratio which is more than 
0.5 (VS/TS ≥ 0.5) was able to be used as an indicator to 
show   higher organic content from waste. On the other 
hand, Yan, [34] indicated the  low organic matter by VS/TS 
ratio less than 0.5 ( VS/TS < 0.5).  

The organic content of sewage sludge was related to      
the methane production as observed from the previous study.         
The higher ultimate methane potential, Mo                             
(Mo > 350 mL CH4/ g VS) was observed at higher VS/TS 
ratio ( VS/TS > 0.7) [31]. However, at lower VS/TS ratio 
(VS/TS = 0.4) the ultimate methane potential, Mo was less 
than 30 mL CH4/ g VS [34]. However, discussion on the 
efficiency of inoculum (methanogenic biomass) in producing 
methane was not included in the study conducted by  [31] 
and [34]. Typically, the efficiency of inoculum particularly 
methanogenic biomass in producing methane was measured 
by the specific methanogenic activity and determined using 
several substrates including acetate, an acid mixture of 
volatile fatty acid and H2/CO2 [35]. When acetate is used as 
the substrate, this process was referred as specific 
acetoclastic methanogenic activity (SAMA) [35].  

The composition of sewage sludge is dictated by the 
conditions of the treatment plant and the composition of the 
raw sewage being treated [36]. However, less information 
has been obtained by the anaerobic digestion of domestic 
sewage sludge inoculated with anaerobic biomass taken 
from existing full-scale anaerobic digester; particularly with 
the different organic content. Therefore, this study was 
outlined to evaluate the anaerobic digestibility of domestic 
mixed sewage sludge under the mesophilic condition with 
different organic contents. The capability of methanogenic 
biomass in producing methane was included.  

II. MATERIAL AND METHOD 

A. Analytical Methods  

Solids in the form of total solid (TS in g/L), and volatile 
solid (VS in g/L) were measured following the procedures as 
described in the Standard Method procedure 2540G [37]. 
Meanwhile, VS (in %) was calculated using the equation 
described by AMPTS II [30]. Total alkalinity and partial 
alkalinity were performed following the method described in 
the Standard Method procedure 2320B [37]. Triplicate 
samples were used for each measurement.  

B. Substrate 

The substrate used in this study originated from the inlet 
of a full-scale anaerobic digester treating domestic mixed 
sewage sludge (DMSS), DMSS was collected twice, about 
10L at each sampling. DMSS was stored at 4oC before use as 
described by Bougrier, [38]. 

C. Inoculum 

An active anaerobic biomass or anaerobically digested 
sewage sludge (ANDS) from aforementioned anaerobic 
digester was used as inoculum. Two samples were collected; 
about 10 L at each sampling. ANDS was stored at 4oC 
before use as described by Nges, [39]. 
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The full-scale anaerobic digester is working at the 
ambient mesophilic range. The pH of the inoculum varied 
from 7.2 to 7.8. The specific acetoclastic methanogenic 
activity (SAMA) of the inoculum for each sample was less 
than 0.05 gCH4- COD/gVSd. The SAMA value from this 
study is lower than the value observed from digester sludge 
taken from a full-scale mesophilic anaerobic digester in 
wastewater treatment plant [40]. 

The intermediate alkalinity to partial alkalinity (IA/PA) 
ratio is showing the anaerobic process status. During the 
sampling day, the full-scale anaerobic digester was in stable 
condition, indicated by the IA/PA ratio of less than 0.3. On 
the other hand, IA/PA ratio greater than 0.3 indicated the 
instability of the anaerobic process [41]. 

D. Anaerobic Digestibility Assays 

The methane recovery from the anaerobic digestion of 
DMSS (as substrate) was determined using biochemical 
methane potential (BMP) test, conducted using AMPTS II 
(Fig. 1). Duran bottle of 500 ml is a reactor where the 
mixture of substrate and inoculum was placed. Then the 
reactor was placed into the water bath (Unit A of AMPTS 
II); working at 37 ± 1o C. 

The BMP assays were carried out after the sample (DMSS 
and ANDS) stored for 3 days. This is because the 
measurement of volatile solid (VS) took two days to 
complete. Inoculum to substrate (I/S) ratio of 2 was applied 
because this value was commonly applied for batch assays 
[40], [42]. 

Using I/S ratio of 2 and VS (in %), the mass of substrate 
and inoculum were calculated and shown in Table 1. The 
measurements were following the procedures and equations 
as described in the Operation and Maintenance manual of 
AMPTS II [30]. No additional nutrients or minerals were 
added to the mixture. Since the test is a batch test, no feeding 
or wasting was done. 

Triplicate sample reactors were prepared, containing 
substrate and inoculum as described by others [43], [44]. In 
addition, duplicate blank reactors were also prepared, 
containing only the inoculum, at the exact mass as filled in 
the sample reactors [34], [45]. The substrate and inoculum, 
each was shaken to homogenise the solid concentration 
before pouring into the reactors. The reactor was prepared in 
sequence one after the other, to avoid the reactions of 
substrate and inoculum which may interfere with the results. 
The initial pH of mixture or blank was recorded before 
flushing with pure nitrogen gas (N2). Then, N2 was purged 
into each reactor for two (2) minutes to create the anaerobic 
environment in the headspace. The reactor bottles were 
incubated at 370C ± 10C and the methane production was 
monitored until the production become insignificant. During 
the experiment, mixing was set at 160 rpm, and the CH4 
content was set as 60%. Luostarinen, [46] also applied the 
mixing of 160 rpm for the batch reactors. The methane 
production varied from 60% to 69% [47]. The methane 
production (potential) was expressed specifically per mass 
volatile solid added (L CH4/kg VS added) [30], [48]. The net 
methane production is the difference after subtracting the 
methane production obtained from the samples reactors with 
the methane production originating from the inoculum alone 
(blank reactor). 

 
 
 
 

Fig. 1  AMPTS II 
 

TABLE I 
MASS OF INOCULUM (ANDS) AND SUBSTRATE (DMSS) USED FOR BMP TESTS 

Sampling date 27/7/2015 14/9/2015 
Total mass (g) of the mixture 400.00 400.00 
Inoculum (ANDS) mass (g) 297.14 269.77 
Substrate (DMSS) mass (g)  102.86 130.23 

 

For the labelling purpose, BMP MSNT is the sample 
reactor containing the mixture of substrate and inoculum, 
while the reactor containing the only inoculum is labelled as 
B BMP MSNT. Each of BMP MSNT and B BMP MSNT 
showed the initial pH ranged from 6.8 to 8.0. According to 
Angelidaki [48], the anaerobic digestion process takes place 
at the pH ranged from 6.0 to 8.3. Therefore, no pH 
adjustment was made. 

III.  RESULTS AND DISCUSSION 

A. Substrate and Inoculum Characteristics  

Generally, the substrate (DMSS) and inoculum (ANDS) 
characteristic vary between the two samples due to different 
water consumption and difficulties to control the anaerobic 
digestion performance [34], [37]. The organic content in 
DMSS from two samples fluctuated as indicated by the ratio 
of VS/TS. VS/TS ratios for DMSS taken on 27/7/2015 and 
14/9/2015 were 0.52 and 0.68 respectively. However, the 
VS/TS ratio value still bigger than 0.50, showing that the 
organic content of DMSS was high. Zhang [50] also 
observed organic content at a range of 0.50 to 0.70 from 
sludge originated from wastewater treatment plant.  

The organic content in ANDS was almost similar, varied 
from 0.63 to 0.65. Raposo, [51] reported that digested sludge 
from a full-scale municipal wastewater treatment plant was 
having VS/TS of 0.63. Biomass in ANDS was measured in 
VS [10] in the form of VS (in %). However, the significant 
difference was observed between two samples. VS (%) of 
ANDS taken on 14/9/2015 was about three times higher than 
what was observed from ANDS taken on 27/7/2015. This is 
true due to the fact that the substrate, operating condition, 
and anaerobic digester microorganisms were interrelated 
among them [49]. 

Unit C: Gas Volume 
Measuring 

Applying the water 
displacement method 

Unit B: CO2 Fixing 
Containing an alkali 
solution to remove 

CO2 and H2S 

Unit A: Reactors 
Inside water bath 

with rotating 
agitator 
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B. Methane Production 

At the last day of BMP assays, pH of each BMP MSNT 
and B BMP MSNT remained in the range suitable for the 
anaerobic process (7.1 to 8.1). Each BMP MSNT and B 
BMP MSNT did not show any instability of the anaerobic 
process, indicated by IA/PA value less than 0.3.  

Fig. 2 and Fig. 3 showed the methane accumulation 
during the BMP assays for samples taken on 27/7/2015     
(VS/TS = 0.52) and 14/9/2015 (VS/TS = 0.68) which ends 
after 19 days and 21 days respectively. The inconsistent 
distribution of anaerobic biomass in the sample and blank 
reactors, indicated by the high coefficient of variation, CV 
(%) (Table 2) resulted in the graphs as shown in Fig. 2. This 
is possible especially when the VS (%) of ANDS taken on 
27/7/2015 were about 0.1%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2  Cumulative methane production from digesting DMSS; organic 
content of 0.52 

 
The methane accumulation graphs for the sample taken on 

14/9/2015 showed each graph plotted almost similar values 
for the first 10 days and gradually fluctuated towards the 
end. However, this was not observed from the blank reactor. 
The plateau condition was achievable from day seventh (7) 
onwards, observed from samples reactor. Other researchers 
using sewage sludge for BMP tests had observed the plateau 
condition after 15 to 20 days ([10], [12]). 

The net accumulated methane for BMP assays for 19 days 
(sampling date: 27/7/2015) and 21 days (sampling date: 
14/9/2015) was tabulated in Table 2. As expected, the higher 
net accumulated methane was observed from the digestion of 
DMSS taken on 14/9/2015. This is true because the organic 
content of DMSS taken on 14/9/2015 is greater 30% than the 
organic content of DMSS taken on 27/7/2015. Furthermore, 
the anaerobic biomass taken on 14/9/2015 was slightly better 
in producing methane (data not presented). 

 

 
Fig. 3  Cumulative methane production from digesting DMSS; organic 
content of 0.68 

 

TABLE II 
NET CUMULATIVE METHANE PRODUCTION 

Sampling date: 27/7/2015 Sampling date: 14/9/2015 
Sample  

ID 
Methane  

(mL) 
Sample  

ID 
Methane 

 (mL) 
B BMP 
MSNT 1 

27.00 B BMP 
MSNT 1 

175.00 

B BMP 
MSNT  

10.30 B BMP 
MSNT 2 

174.60 

Average  18.70 Average  174.80 
Std-dev 11.80 Std-dev  0.28 
CV (%)  63.10 CV (%)  0.16 
BMP  

MSNT 1 
90.70 BMP 

MSNT 1 
642.20 

BMP  
MSNT 2 

111.30 BMP 
MSNT 2 

623.70 

BMP  
MSNT 3 

83.40 BMP 
MSNT 3 

638.10 

Average  95.20 Average  634.70 
Std-dev  14.48 Std-dev  9.72 
CV (%)  15.21 CV (%)  1.53 
Net Methane (mL) = 76.50 Net Methane (mL) = 459.90 

C. Ultimate Methane Yield 

By considering the average accumulated methane and 
volatile solid, VS (in g) (data not presented), the methane 
potential in mL CH4/g VS was determined as illustrated in 
Fig. 4 and 5. The ultimate methane yield (Mo) from digesting 
DMSS taken on 27/7/2016 (VS/TS = 0.52) was 588.3 mL 
CH4/g VS (0.59 m3 CH4/kg VS) and recorded on the last day 
of the assay. On the contrary, the highest net ultimate 
methane potential of digesting DMSS taken on 14/9/2015 
(VS/TS = 0.68) was 1244.5 mL CH4/g VS (1.24 m3 CH4/kg 
VS), was observed on day 15 of the assay. The net methane 
potential started to decrease from day 16 onwards. However, 
the value remained within 97.24 % to 99.71% of its highest 
value. This showing that prolongs digestion time was not 
appropriate to obtain greater ultimate methane yield. 
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Fig. 4  Methane potential curve from BMP assay (organic content = 0.52)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5  Methane potential curve from BMP assay (organic content = 0.68)  

 

The results indicated that the anaerobic digestion of 
domestic mixed sewage sludge resulted in the ultimate 
methane yield which is bigger that 500 mL CH4/g VS       
(0.5 m3 CH4/kg VS). However, domestic mixed sewage 
sludge having higher VS/TS ratio resulted in twofold 
ultimate methane yield. Generally , the biogas  production 
from a mixture of primary and secondary (biological) sludge 
roughly amounts to 1 m3 of biogas/kg of organic solids 
biodegraded [1]. This study suggested the lower detention 
time (≤ 15 days) could be adapted in designing the anaerobic 
tank especially for digesting the domestic mixed sewage 
sludge having VS/TS ratio of 0.68.  

According to reference [25], the absence of the lag phase 
in the methane yield curve was showing the good anaerobic 
biodegradability of the organic waste (targeted substrate). In 
addition, the BMP test in batch mode (I/S =2) of municipal 
sewage sludge inoculated by inoculum originated from the 
sewage sludge anaerobic digester      (lab-scale) resulting in 

the methane yield curve without lag phase observed. The 
origin of the inoculum positively affected the lag phase of 
the methane potential curve. Reference [42] used inoculum 
originated from two type of reactors (lab-scale and full-
scale) in assessing the methane potential from municipal 
solid waste; the longer lag phase was observed when the 
municipal solid waste was inoculated with biomass from the 
full-scale anaerobic digester. This study observed the similar 
observation; lag phase was less than one (1) day for each 
BMP assay. This is possible due to the use of anaerobic 
biomass taken from the full-scale anaerobic digester as 
inoculum. However, the domestic mixed sewage sludge still 
showing a good biodegradability.  

D. Methane Production Rate  

Considering the steepest slope of each methane potential 
curve (Fig. 4 and 5), the methane production rate (Rm) was 
calculated. The maximum methane production rates for 
digestion of DMSS taken on 27/7/2015 and 14/9/2015 were 
6.41 mL CH4/g VS/hr and 13.97 mL CH4/g VS/hr 
respectively. This lower value is expected from digestion of 
DMSS having lower organic content (VS/TS = 0.52).  

IV.  CONCLUSIONS 

The characteristics of DMSS and ANDS vary between the 
two sets of samples taken on 27/7/2015 and 14/9/2015. The 
organic content of DMSS differed significantly from two 
samplings. However, the organic content of DMSS was 
considered high, as indicated by VS/TS ratios bigger than 
0.50 (VS/TS ≥ 0.50). The organic content of ANDS ranged 
from 0.63 to 0.65. However, the biomass concentration as 
indicates by VS (in %) differed significantly from two 
samplings. In practice, it is difficult to control and 
maintained the full-scale digester.  

The methane yields from the digestion of DMSS having 
varies organic content (VS/TS of 0.52 and 0.68) were 
observed in this study. The ultimate methane yield (almost 
double) was observed from the anaerobic digestion of DMSS 
containing higher organic content (VS/TS = 0.68) even 
though the inoculum with the lower capability of producing 
methane was used at it was observed at day 15. This is 
unexpected because the digestion of DMSS with VS/TS ratio 
of 0.68 was inoculated with the anaerobic biomass (ANDS) 
with slightly better in producing methane, indicated by 
slightly higher SAMA value.  

The combination of DMSS with the organic content 
(VS/TS) less than 0.55 (VS/TS < 0.55) with the ANDS 
having lower SAMA value is not possible to achieve greater 
ultimate methane yield even after 19 days. This was shown 
from the digestion of samples taken on 27/7/2015.  

This study was suggesting the proper selection of 
inoculums prior to the digestion of domestic mixed sewage 
sludge. The inoculum with higher SAMA value is highly 
recommended for obtaining the higher ultimate methane 
yield from the digestion of domestic mixed sewage sludge. 
By using this inoculum, the ultimate methane yield could be 
observed early. 
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NOMENCLATURE 

Mo ultimate methane yield mL CH4/g VS  
Rm methane production rate mL CH4/g VS/hr 
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