
 

Abstract— Biogas production from anaerobic co-digestion of 

cow dung (CD), chicken manure (CM), pig manure (PM) sewage 

waste (SW) was evaluated in laboratory batch scale at ratios 

1:1:1:1, 2:1:1:1 and 3:1:1:1. Highest methane yields were 

achieved from CD to CM, PM and SW at ratio of 1:1:1:1 (58% 

CH4/d). The effect of temperature on methane yield was also 

investigated at 35, 40, 50 and 55 f˚C. The optimum temperature 

for anaerobic co-digestion was found to be 40 ˚C with the highest 

methane yield of 62% CH4/ d on Day 6 of the gas production. 

Ratios of 3:1:1:1 had the highest impurities followed by ratios of 

2:1:1:1 and 1:1:1:1, respectively. The study has shown that co-

digestion of animal waste or other organic wastes is more 

advantageous than processing each feedstock separately.  
 

 

 

Index Terms— Anaerobic digestion, Biogas, Co-digestion, 

Renewable energy  

 

I. INTRODUCTION 

NAEROBIC co-digestion of various organic wastes has 

been shown to improve biogas yield. Recent interest in 

producing renewable electricity or transport fuel through AD 

technology has rapidly increased the use of co-digestion of 

crops in farm-scale manure digesters [1]. Co-digestion of cattle 

manure with farm waste is also a common practice in the 

United States [2]. Mata-Alvarez et al. [3] reported that co-

digestion of crops with manure results in a higher methane 
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yield than mono-digestion of manure due to the synergistic 

effects of the co-substrates.  
The co-digestion concept has been studied and applied to 

treat substrates such as municipal solid waste, sewage sludge, 

cow manure and energy crops [4]. This study aim to co-digest 

different animal manures to evaluate if the combinations can 

improve the methane production. Co-digestion of manures 

with co-substrates will have a lot of benefits. Firstly, it can 

minimise the high concentrations of ammonia associated with 

mono manure digestion and provide a wide range of nutrient 

contents (C/N ratios) required by the methanogens [5]. In 

addition, the increase in the buffering capacity and the 

possibility of accumulation of volatile fatty acids (VFAs) 

during digestion [6] can stabilise the pH to suit the 

methanogenesis stage [6,7]. Moreover, it can provide 

organisational and economic benefits by bringing an energy 

surplus, which will provide additional income to the biogas 

plants [8].  

 

II. MATERIALS AND METHOD 

A. Feedstock preparation 

Representative samples of chicken manure, pig manure, cow 

dung and sewage waste obtained from white poultry farms at 

Lenasia, Elandsfontein (Walkersville) and Moletjie, 

respectively, were used for this experiment. Feeding high 

particle size feedstock was avoided to reduce challenges with 

the agitation in the laboratory-scale digesters and with non-

homogeneity of the digestate, hence all raw materials were 

dried at 65 °C for 6 days and then passed through a grinding 

impact mill and digital electromagnetic sieve for size 

reduction. The dried raw materials were stored in plastic 

container at room temperature.  

 

B. Analytical methods 

The gas samples were taken from digesters daily using 1-ml 

syringes. Before recording the pH, the overall biogas produced 

was measured. The volume of biogas produced was corrected 

to the standard temperature and pressure (STP) conditions. 

The volume of biogas was measured by displacement of water, 

and was then converted to the biogas volume under standard 
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temperature and pressure (STP) conditions of 0 °C and 1 

atmosphere. The methane content in biogas was measured 

using a gas chromatograph (GC, claurus 580) with a thermal 

conductivity detector and a 45–60 mesh, matrix molecular 

sieve 5A column (Sigma–Aldrich, USA). Flammable 

ionisation detector (FID) was used to determine the CH4 

composition and thermal conductivity detector (TCD) was 

used to measure CO2 and other additional gases present. 

Helium gas was the carrier gas at a flow rate of 30 ml/min 

while the temperatures of the oven, injector port and detector 

were maintained at 51, 80 and 300 ˚C, respectively.  The 

experiment was conducted twice with two replications for each 

treatment. A two way ANOVA was performed using GenStat 

12 [9] for the data collected. 

 

C. Biological methane production potential (BMP) tests 

Anaerobic co-digestion of CD, CM, PM and SW was 

carried out in three identical plastic batch reactors, each 

having a working volume of 1 litre. The top of each digester 

had two outlets which were used for introducing the feedstock 

and collecting biogas, respectively. The biological methane 

production potentials (BMPs) of the CD, CM, PM and SW 

mixtures were examined at the ratios of 1:1:1:1 (Treatment A), 

2:1:1:1(Treatment B) and 3:1:1:1(Treatment C) in 1-litre 

digesters made from plastic bottles. The mass of VS of CD, 

CM, PM and SW added to the 1-litre digester for ratio of 

1:1:1:1 was 25g each. Tap water was added to each digester to 

give a working volume of 800 ml. The initial pH of the mixed 

solution in each digester was adjusted to 7.26. The digesters 

were placed in a shaker incubators set to 35 °C, 40 °C, 50 °C 

and 55 °C. The biogas produced was measured daily as 

described above. The methane content and the biogas volume 

produced from each digester were measured once daily. The 

percentage of methane in the biogas was calculated by 

dividing overall methane measured daily by the total volume 

of biogas produced daily. No supplemental nutrients were 

added to the substrate. The digesters were agitated daily to 

avoid clogging of the feed. There were two replicates for each 

experiment. 

 

III. RESULTS AND DISCUSSIONS 

A. Effect of co-digestion on biogas and methane yields 

In Treatments A, B and C, the initial biogas and methane 

produced was low. During Day 1, no biogas production was 

observed. In Day 2, 3.13 %, 2.35 % and 2.05 % percentages of 

methane were observed for treatments A, B and C, 

respectively (Table I). The pattern of daily biogas production 

was also similar (Fig. 1). This was probably due to the low 

initial concentrations of methanogens in the reactors. After 

Day 2, methane production increased sharply for all three 

treatments. The increase in methane yields from Day 3 

indicates the enrichment of methanogens in the reactors. At the 

end of the experiment (Day 8 and Day 9), methane percentages 

declined due to the high consumption of soluble biodegradable 

organic substances by the process which resulted in low 

microbial activities. In Treatment A, B and C, methane 

production started to decrease  on Day 8 and Day 9 due to 

lower final pH values which led to the accumulation of VFAs 

in the reactor. 

 
TABLE I  

INITIAL AND FINAL PH OF TREATMENT A,B AND C 
 

Feedstock Initial Final 

Treatment A 7.26 6.94 

Treatment B 7.26 7.01 

Treatment C 7.26 6.90 

 

Co-digestion of animal manure made up of low C/N ratio 

with any biodegradable material with higher C/N ratio allow 

more stable digestion and high methane yield as compared to 

digestion of manure alone [10]. In this study, animal manure 

with higher C/N ratios was co-digested with other manure with 

low C/N ratio. Although no significant difference was obtained 

from the ANOVA at P<0.05, the overall trend showed that, 

from the beginning of the experiment, Treatment A had higher 

methane yield as compared to Treatments B and C. This is 

probably due to the high fraction of CD manure in Treatment 

B and C which made it difficult to reach system performance 

in terms of methane production potential. In Treatment A, the 

highest daily methane yield occurred on Day 6 and Day 8 with 

53 % and 55 %, respectively. In Treatments B and C, peaks of 

the highest daily methane yield occurred on Day 7 with 47 % 

and 49 %, respectively (Fig. ). However, for treatment C, the 

methane yield for Day 6 and Day 7 remained constant at 49 %.  

The methane content in biogas at different ratios, the methane 

contents rose from Day 3 to reach a higher peak of 55%, 47% 

and 49% in Treatments A, B and C, respectively. During Days 

3 – 9, the methane contents at Treatment A ranged between 6-

8% higher as compared to Treatments B and C. In Day 8, the 

methane contents for Treatments A, B and C decreased 

steadily to 46%, 47% and 44%, respectively. A further gradual 

decline in methane contents occurred in Day 9 due to low 

organic contents available in the digester to enhance further 

methane production. Therefore, the optimal ratio of CD to PM, 

CM and SW was of Treatment A because of its high methane 

production potential at a shorter biogas production period. The 

findings of this study are comparable to those of Lehtomaki et 

al. [11] who reported an increased in methane production by 

30% using anaerobic co-digestion of animal manure with grass 

silage, sugar beet tops and oat straw within the range of 1:1 to 

1:3. 
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Fig. 1 Daily biogas produced for Treatments A, B and C. 

Fig. 1 Daily methane produced for Treatment A, B and C. 

 

B. Effect of temperature on methane yields 

The intensity of the microbial activity is a function of the 
environmental temperature, especially in methanogenesis, 

wherein the degradation rate increases with temperature. Fig. 3 

shows the percentage of biogas productions at different 

temperatures in the batch reaction. In general, it has been 

reported that the optimum reaction temperatures of mesophillic 

and thermophillic microbial anaerobic activity are 35–40 ˚C 

and 50–60 ˚C, respectively [12]. However, integration of 

thermophilic and mesophilic digestion processes is found to be 

successful in terms of both cost savings and increased 

biodegradability of organic wastes [13]. In this study, 

experiments were conducted at 35, 40, 50 and 60 ˚C for a 

period of 9 days to understand the effect of temperature on the 

anaerobic co-digestion and methane production potential of 

animal manure. The variation of temperature during digestion 

was considered to be the first index of the degree of anaerobic 

success. That is, temperature will indicate a typical digestion 

pattern, characterized by two major phases: a mesophillic 

phase followed by a thermophillic. Thus, temperature at which 

digestion occurs can significantly affect the biogas production 

that is the conversion, kinetics, stability and consequently the 

methane yield. The biogas production and the volume 

collected were mostly affected in the thermophillic 

temperatures as depicted in Fig. 3 and methane yield in Fig. 4. 

High biogas volumes and methane yield were observed under 

mesophilic temperatures. Methane yields also increased with 

an increasing retention time but it was again more favourable 

for the mesophilic temperatures. Optimum retention time was 

reached on Day 6 for the mesophilic whereas for the 

thermophillic temperatures it was reached on Day 7. The 

findings are supported by the study conducted by Kim et al. 

[14] which showed that the temperature- and HRT-dependent 

total biogas and methane productions in the semi continuous 

reaction. At 50 °C, the maximum amount of biogas was 

produced when an HRT of 10 d was used, whereas methane 

was generated efficiently when an HRT of 12 d was used. The 

lowest biogas production was also observed at 55°C with 

methane contents ranging from 54% to 60%, depending on 

HRT. The study further shows that a high specific methane 

yield could be obtained in a thermophillic digester with a long 

HRT. 

In batch-culture experiments, up to 62% CH4/d was 

produced in mesophilic conditions while in thermophillic 

conditions could only reach as much as 57% CH4/d. The 

highest peak of methane was observed at 40˚C for Treatment 

A, where it was approximately 8% higher compared to 

Treatments B and C. Although Treatment A produced, more 

methane compared to Treatment B and C with time, the batch 

anaerobic co-digestion of Treatments B and C followed the 

same pattern for both the mesophilic and thermophillic 

temperatures. This is due to higher bacterial and archaeal 

diversities found at mesophilic temperatures, which as result 

enhance methane yield while, digestion at thermophillic 

temperatures results in higher organic matter degradation 

efficiency [15]. In addition, the highest methane yield obtained 

at 35 ˚C was found to be 58% CH4/d, while the methane yield 

at 40, 50 and 55˚C were 62%, 58% and 52% CH4/d , 

respectively, for Treatment A. As expected, initially for a 

period of 3 days, the methane yield at 35, 40, 50 and 55 ˚C 

was about 60% and 30%, respectively. However, after 3 days 

of digestion, there was a stark increase in the methane yield at 

all temperatures with 40˚C being the highest. This tendency 

could be due to the gradual adaptation and active propagation 

of methanogens under thermophilic conditions. It was also 

reported that the mesophillic microorganisms have the inherent 

capacity to use several additional sources of carbon than the 

thermophilic and psychrophilic ones [15], hence higher 

methane at 35 and 40˚C as compared to 50 and 55˚C. For 35 

and 40˚C, the highest methane of   58 and 62% respectively 

was obtained at HRT of 6 days. This shows that anaerobes are 

most active in the mesophilic and thermophillic temperature 

range [16-19].  
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Fig. 3 Daily biogas production during anaerobic co-digestion of Treatment A, B and C at temperatures of 35 ˚C, 40 ˚C, 50 ˚C and 

55 ˚C, respectively. 

 

Fig. 4 Daily methane production during anaerobic co-digestion of Treatment A, B and C at temperatures of 35 ˚C, 40 ˚C, 50 ˚C 

and 55 ˚C, respectively. 
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In contrast, the highest biogas was obtained at HRT of 6 

days for 50 and 55˚C, while the highest methane was 

observed at Day 7.  This observation shows that the length 

of fermentation period is dependent on temperature that is 

even though the biogas produced on Day 6 was high, the 

quality of the methane was lower as compared to that of Day 

7. This was as a result low soluble organic matter present in 

Day 6 to enhance more methane production. Singh et al., 

[20] observed that methanogens were very sensitive to 

sudden thermal changes; therefore, any drastic change in 

temperature should be avoided for better microbial activity. 

 

C. Variation of trace elements 

The trace gases monitored in the present study included 

carbon monoxide (CO), hydrogen sulphide (H2S) and 

hydrogen (H2) as shown in Table II. Hydrogen was 

extremely low; thus, it could not be identified by the gas 

chromatography and due to this it was left out in the 

analysis.  
The CO generated daily is presented in Fig. 5. Higher 

productions of CO were detected between days 2 and 5. On 

the 3
rd

 day, Treatment C had a greater generation than the 

rest with 53.1 ppm while Treatment A generated 10.8ppm. 

This may be due to low methane production in Treatment C 

as shown in section A which promoted an increase in CO 

levels. Furthermore, Treatment B had the highest generation 

on the 4
th

 day. After Day 5 of gas production, the production 

of carbon monoxide generally reduced in all Treatments. 

This may be attributed to limited microbial activity at that 

phase.  In section A, methane yields were higher from Day 

5. The increase in methane compound allowed the use of 

carbon to form methane which resulted in lower percentages 

of CO produced.  

 
TABLE I  

DAILY COMPOSITION OF TRACE GASES 
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Fig. 2 Daily carbon monoxide produced, were Treatment A 

is (♦), Treatment B is (■) and Treatment C is (▲). 

 

 
Measuring hydrogen sulphide levels makes it possible to 

keep the concentration of this toxic and corrosive gas as low 

as possible by taking appropriate action. Also high levels of 

hydrogen sulphide wear down the anaerobic digester and 

high concentration of it has a toxic effect which hinders 

bacteria growth [21]. In Fig. 6, variations of hydrogen 

sulphide with time during anaerobic digestion were 

presented. During the Day 1 and 2 of gas production, no H2S 

was generated in all treatments. This was believed to be the 

lag phase of the sulphur producing bacteria to reach to a 

certain population level before it is actively involved in the 

gas generation. On the 3
rd

 day, traces of H2S were noticed in 

all treatments. A similar trend was observed were hydrogen 

sulphide increased with time from Day 3 up to Day 8. After 

the 8
th

 day H2S reduced significantly by 137ppm for 

Treatment A. This was assumed to be the death phase of the 

bacteria resulted from nutrient depletion and high execution 

of methane in this reactor which lowers the conversion of 

the gas to form H2S.  In contrast, a significant increase of 

76.2 and 60.8ppm for Treatment B and C on the 8th day 

was observed, respectively.  It is believed that the increase 

was related to the significant decrease in methane in section 

A and B which was attributed to the exhaustion of bacteria 

and led to H2S formation. In general, Treatment C had high 

average hydrogen sulphide (327.7ppm) emissions and this 

related to low methane yields. It was concluded that the gas 

adversely affect both the generation of biogas, methane and 

downstream processes.  

 

 

 

 

 

 

 

 

              

 

Treatment A Treatment B Treatment C 

Time (days) CO H2S CO H2S CO H2S 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 10.7 2.1 1.2 93.1 54.05 107.1 

4 8.2 167.3 8.095 172.5 29.55 262.5 

5 6.225 246.5 6.26 132.5 5.775 385 

6 4.1 280.1 2.5 168.1 5.425 129.5 

7 1.6 162.6 2.45 149 3.7 357 

8 4.84 362 3 75.9 4.85 825.9 

9 2.07 233.75 2.5 157.4 2.075 882.3 

Average 4.193 161.59 2.889 105.38 11.71 327.7 
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Fig. 3 Daily hydrogen sulphide produced, were (▲), (×) and 

(♦) represents Treatment A, B and C, respectively. 

 

IV. CONCLUSION 

Anaerobic co-digestion of CD with CM, PM and SW at 

three different CD to CM, PM and SW ratios of 1:1, 2:1 and 

3:1 was evaluated by examining the initial and final pH of 

the reactants and methane production potentials in 1-litre 

digesters made from plastic bottles. This study showed that a 

combined treatment of different waste types like manure 

gives the possibility of treating waste, which can be 

successfully treated separately but result to lower methane 

production as compared co-digestion. CM, PM and SW 

were quantitatively degraded to biogas when co-digested 

with CD manure without addition of any chemicals. The 

highest methane yields were achieved at CD to CM, PM and 

SW ratios of 1:1:1:1 (58% CH4/d). It was concluded that co-

digestion of animal waste or other organic wastes is 

advantageous than processing each waste separately. The 

optimum temperature for anaerobic co-digestion is 

concluded to be 40˚C with the highest methane yield of 62% 

CH4/ d on Day 6. 
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