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Abstract 
In this study kitchen bio waste and sewage sludge were co-digested anaerobically to produce biogas with 
the aid of Hycura, engineering granules to enhance bio methane production. Co-digestion was conducted 
for mesophilic temperatures of 37 °C in a 20 L bio digester for a period of 30 days. Kitchen and sewage 
sludge were inoculated in the ratio 50:50. Hycura was inoculated to enhance biogas production at a 
loading of 0.05 g/L. The co-digestion resulted in significant degrease of the total volatile solids and 
chemical oxygen demand of the bio waste by >75%. Mesophilic conditions favored high quality bio 
methane production with methane content as high as 74%. Inoculation with Hycura hindered H2S 
production which enhanced the quality of the biogas and makes it easier for upgrading. 
Keywords: Biogas, bio-waste, co-digestion, Hycura, kitchen waste, sewage sludge 

1.Introduction
Huge amounts of biodegradable kitchen bio waste are being generated daily from the catering industry and at the same time 
municipal sewage plants are having challenges managing bio waste mainly sewage sludge. These bio wastes find 
themselves to the landfills limiting the life span of landfills. Sewage sludge and kitchen waste being highly organic 
material have both the have potential to be converted to biogas through anaerobic digestion (Muzenda, 2014). Kitchen 
waste has high calorific values compared to municipal waste hence presents an opportunity for biogas with high methane 
content (Gray et al., 2008; Apte et al., 2013).  
Biogas is a good source of renewable energy that can be used for heating and cooking purposes and in some instances 
upgraded to electricity production (Neves et al., 2005; Prabhu and Mutnuri, 2009). Biogas production from the co-digestion 
of kitchen waste and sewage has become topical due to the increased digestion based on the number of microorganisms in 
the bio waste (Neves et al., 2005; Malik and Bharti, 2009). Production of biogas from bio waste is an attractive waste 
management initiative that promotes sustainability through the production of a renewable and green source of energy which 
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mitigates climate change effects through reduction of carbon dioxide and methane emissions to the environment through 
co-digestion (Vikraut and Shekhar, 2013; Schaumann, 2013).  
Biogas is produced in the four major steps which are hydrolysis, acidogenesis, acetogenesis and methanogenesis during the 
anaerobic digestion process (Das and Mondal, 2016). Figure 1 shows the biogas production stages from bio waste. Biogas 
from bio waste is mainly composed of methane with a composition of up to 65%, carbon dioxide with a composition of up 
to 30% and traces (oxygen, ammonia and hydrogen sulphide) with a composition of up to 10% (Gray et. al., 2008). The 
biogas production rate and quality from several bio waste has mainly been affected by process conditions which include: 
the feedstock type, the digestion temperature, amount of total solids (TS), in the feedstock, the chemical oxygen demand 
(COD) of the bio waste, process temperature and the agitation effects (Manyuchi et al., 2015).  
 

 
Figure 1. Biogas production stages (Das and Mondal, 2016) 

 
On another note, bio catalysis of bio-waste to biogas using engineered enzymes has become topical as a means of 
enhancing the quality of the biogas in terms of the methane composition as well as the removal of impurities such as 
hydrogen sulphide and ammonia (Manyuchi et al., 2015). One enzyme being employed is Hycura, an enzyme bio catalyst, 
that potential to enhance biogas production through optimising methane production and hindering the production of 
hydrogen sulphide and ammonia and previous studies have reported that Hycura loadings of 0.035-0.05 g/L are optimal for 
biogas production (Manyuchi et al., 2015).  
This study focused on the potential of co-digesting sewage sludge and kitchen bio waste to produce biogas utilizing 
Hycura, a biocatalyst that enhances biogas production. This was done in a bid to recover energy from the bio waste at the 
minimizing land filling problems potentially increasing the lifespan of landfills in general. 

 
2.Materials and methods 
2.1 Materials 
Kitchen waste was obtained from a local canteen and sewage sludge was obtained from a nearby municipal sewage 
treatment plant in Harare, Zimbabwe. Hycura was obtained from Acti-zyme, Australia. A biogas analyzer model Biogas 
5000 was obtained from Geotech, United Kingdom was used for the biogas composition analysis. A Mettler Toledo S20 
pH meter from Sigma Aldrich, South Africa was used for the pH determination. A Memmert oven from Sunfirm 
Distributors, Harare, Zimbabwe was used for determination of the bio waste moisture content, the total solids (TS) and the 
volatile solids (VS) composition. A Hanna Instrument COD meter was used for COD determination and a TOC 5000 
Shimadzu carbon analyzer from Sigma Aldrich, South Africa. 
 
2.2 Methods 
The kitchen waste and sewage sludge were mixed in a ratio of 50:50 and was allowed to co-digest in a 20 L digester over a 
30 days retention time. To enhance the biogas production, 0.05 g/L of Hycura was inoculated.  
The bio waste pH, chemical oxygen demand (COD), total solids (TS), total volatile solids (VS) and moisture content were 
measured using standard methodologies by APHA (2005). For the TS, a 5g well mixed sample was filtered through a filter 
with a known mass and the residue that remained was dried at 105±0.5 °C in the oven for 1 hour. The increase in mass was 
determined as the TS as a percentage. The moisture content of the same sample was expressed at the net weight change as a 
percentage. The VS were measured by heating a 5g sample at 550 ±0.5°C for 1 hour in the oven. Mesophilic conditions of 
37±0.5°C were used for the co-digestion process (Sajeena et al., 2013; Dressa et al., 2015). The biogas was analyzed for its 
composition using a Biogas Analyzer 5000 during the anaerobic digestion period. Organic carbon loading measurements 
were done using a TOC 5000 Shimadzu carbon analyzer.  
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All experiments were determined thrice and an average value and the standard deviation calculated as a measure to check 
the repeatability of the experiments.  
 
3.Results and discussion 
3.1 Effect of process parameters on bio waste digestion 
Organic carbon loading 
The blended kitchen and sewage sludge bio waste had an average organic carbon loading content of 95% and this was a 
clear indication that the blended waste is an attractive option for biogas production due to the high organic composition. 
Prabhu and Mutnuri (2016) also reported a high organic rate of more than 80% when they investigated the potential of co-
digesting kitchen waste and other organic waste. As the anaerobic digestion process increased, the organic carbon loading 
rate decreased significantly with increase in the digestion period by about 82% (Figure 2). This showed the high 
degradation rate of the bio waste which showed effective biogas production rates.  

 
Figure 2. Organic carbon loading variation during anaerobic digestion 

Moisture content 
The average moisture content of the bio waste increased from about 30.3% to 60.7% with standard deviation values 
ranging between 0.20-0.65 during the anaerobic digestion process (Figure 3). During anaerobic digestion, water is 
generated as by product due to the exothermic nature of the process and condenses in the digester resulting in increased 
moisture content of the digested bio waste (Sajeena et al., 2013). If further utilization for example use as bio fertilizers, the 
digestate obtained is required then further dewatering processes must be done.  

 
Figure 3. Moisture content variation during anaerobic digestion 

pH 
The bio waste pH changed from being acidic (6.1-6.2) to neutral (7.5-7.6) during the anaerobic digestion process (Figure 
4). Hycura has also been reported to neutralize the pH of the digestion media during biogas production (Manyuchi et al., 
2015).  
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Figure 4. pH variation during anaerobic digestion of bio waste 

 
Chemical oxygen demand 
In this study, the bio-waste COD reduced by 87% upon digestion for a retention period of 30 days (Figure 5). This was 
attributed to the digestion of the bio waste during the biogas production process enhanced by the Hycura effects. Hycura 
has been reported to lower COD in bio waste by more than 90% as the digestion and stabilization of organic matter 
progressed over time (Manyuchi et al., 2015). Babaee and Shayegan (2011)[ also reported an 88% decrease in COD upon 
digestion of vegetable waste at 34°C for a retention period of 55 days.  

 
Figure 5. COD variation during bio waste anaerobic digestion 

Total solids 
The total solids content of the bio waste decreased by approximately 54% during the co-digestion process (Figure 6). 
Sajeena et al. (2013) reported TS reductions of between 71-80% during biogas production from municipal waste. During 
the anaerobic digestion process, the solids are converted to biogas and in this study the rate of digestion was enhanced by 
the addition of Hycura. Hycura tends to be activated and the granules since they are living organisms tend to grow rapidly 
utilizing the nutrients in the bio waste (Manyuchi et al., 2015).  
 

 
Figure 6. TS variation during bio waste anaerobic digestion 
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Volatile solids 
The volatile solids of the bio waste decreased by approximately 80% during the co-digestion process as a result of the 
volatization and digestion of the bio waste. Studies by Babaee and Shayegan (2013) also reported an 88% decrease in 
volatile solids upon digestion of vegetable waste at 34 °C.  

 
Figure 7. VS variation during bio waste anaerobic digestion 

A summary of the characteristics of the bio waste before and after digestion are shown in Table 1. 
 

Table 1. Characteristics of the bio waste 
 
 
 
 
 
 
 
 
 

 
3.2 Biogas generation from kitchen and sewage sludge bio waste 
Effect of Hycura on biogas production 
The cumulative biogas produced from the bio waste increased with increase in the anaerobic digestion retention time for 
both cases with and without Hycura inoculation (Figure 8). This was attributed to the increase in the decomposition of the 
total solids and organic matter as attributed by the decrease in TS, COD organic loading. However, higher amounts of 
biogas were achieved in a system inoculated with Hycura; the 50% increase was attributed to the bio catalytic effect of 
Hycura hence increased biogas generation. 
 

 
Figure 8. Effect of Hycura on biogas production 

Biogas composition 
The biogas from the co-digestion of kitchen and sewage sludge bio waste had a methane content of 70-74% which is 
considered to be very high in comparison to methane values reported in literature. Subramani and Nallathambi (2012) 
reported a biogas composition with methane 50-65% after co-digestion of sewage and kitchen waste, a methane 
composition which is 13% in comparison to this study. The high methane content was attributed to the enhanced effects by 

Parameter Before 
digestion 

After 
digestion 

Moisture 
content (%) 

30.3±0.2 60.6±0.2 

pH (-) 6.1±0.2 7.5±0.1 
COD (mg/L) 405.7±8.3 53.7±9.9 
Total solids 

(%) 
9.7±0.2 4.5±0.2 

Total volatile 
solids (%) 

95.4±2.5 17.1±3.8 
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Hycura’s bio catalysis effect (Manyuchi et al., 2015). It was also assumed that the interactive effect by the microorganisms 
from the bio waste enhanced the anaerobic digestion process In addition, the biogas had low values of H2S and this was 
attributed to the hindering effect of Hycura in producing H2S. The composition of the biogas is given in Table 2.  

 
Table 2. Composition of the biogas  

Gas composition 
(%) 

Hycura 
inoculated 

Hycura free 

Methane (CH4) 70-74 55-60 
Carbon dioxide 

(CO2) 
20-25 35-40 

Hydrogen 
sulphide (H2S) 

1-2 5-5 

Oxygen (O2) 0.2-0.3 0.5-0.07 
Water (H2O) <0.01 <0.05 

 
4.Conclusion 
High methane content biogas can be obtained from the digestion of kitchen and sewage sludge bio waste to achieve 
methane composition as high as 74%. Co-digestion of sewage sludge with kitchen bio waste enhances biogas production 
and promotes waste management especially with the addition of Hycura as a co-digestion catalyst enhances the bio 
methane composition in the biogas and reduces the amount of contaminants. Biogas production from kitchen and sewage 
sludge bio waste promotes sustainable development at the same time mitigating climate change. 
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