
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-2 Feb.-2016 

Biogas Production by Co-Digestion of Municipal Sewage and Municipal Solid Waste 
 

202 

BIOGAS PRODUCTION BY CO-DIGESTION OF MUNICIPAL 
SEWAGE AND MUNICIPAL SOLID WASTE 

 
1VASUMATHI A M, 2MATHURAM A 

 
1Professor in Civil Engineering, Sethu Institute of Technology, 2City Engineer 

Madurai Corporation, Madurai. India     
E-mail: 1amvasu2015@gmail.com, 2mathuram.ce@gmail.com  

 
 
Abstract— The mandatory duties of municipal authorities is to give safe disposal of municipal solid and liquid waste apart 
from the supply of potable water, transportation facilities, street lights, and the basic amenities for the corporation area.  The 
safe and scientific disposal of sewage and municipal solid waste are the major task which needs huge capital investment as 
well as recurring expenditure. Further monitoring of scientific disposal of municipal waste involves more time consuming as 
well as skilled staff is needed. To overcome these difficulties in this research an attempt had been made to evolve a new 
scientific disposal method for both sewage and solid waste as a combined waste disposal method by co-digestion. The 
outcome of the co-digestion of municipal sewage and municipal solid waste were examined for methane and carbon dioxide 
proportion. Using the co-digestion method help reduce the emission of green house gases by replacement of fossil fuels, 
reducing or eliminating the energy footprint of waste treatment plants, reducing methane emission from landfills, displacing 
industrially produced chemical fertilizers, reducing vehicle movements, reducing electrical grid transportation losses and 
reducing the usage of LPG for cooking. The composition of biogas is seems to be competitive and can be utilized as cooking 
gas efficiently. The co-substrate MSW is mixed homogeneously with the substrate of MS in the ratio of 1:4 and the total 
biogas production is examined for cooking standards. 
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I. INTRODUCTION 
 
Madurai, one of the second largest city in the state of 
TamilNadu in India produces about 550 tonnes of 
Municipal Solid Waste (MSW) every day in which 
75% amounts to organic fractions. The average 
amount of Municipal Sewage (MS) generated per day 
in the city amounts to 125 litres. Madurai 
municipality is collecting the MSW [17,18] as mixed 
waste and is segregated at the dump site. After 
separating the organic, recyclable and reusable 
materials from the mixed waste the inert is sent to the 
sanitary landfill. The major ingredient of municipal 
solid waste is the biodegradable organic fraction 
which consists of plant and kitchen waste, green 
waste, paper and cardboard etc., The organic fraction 
separated is sent to the composting yard for further 
processing mainly for compost preparation. The 
major portion of the organic fraction in the MSW is 
food waste. It is a good resource for anaerobic 
treatment [16] because it contains high organic matter 
with appropriate moisture content and it is easily 
biodegradable.  
 
The MS is being disposed through conventional 
biological treatment methods viz., oxidation pond, 
aerated lagoon, activated sludge process, sequential 
batch reactor and attached growth treatment system 
etc., and the MSW[14] are being disposed through 
conventional biological treatment methods viz., 
aerobic composting method, vermi-composting 
method, methanisation process etc.,. So far MSW and 
MS are being treated separately which involves two 
different treatment facilities, consequently two capital 
investment and recurring expenditure involved in this 

process. Further two monitoring system is required 
for operation and maintenance. More over when 
organic waste is treated in aerobic method most of the 
organic compounds are being digested by the micro 
organism and released as a carbon-dioxide which is 
of no use. At the same time when the organic waste 
treated in ananaerobic method the organic compounds 
is converted into combustible matter [1] which could 
be used for power generation. So the co-digestion of 
MSW and MS is a promising solution for waste 
utilization and bio-energy Production[8,19]. 
The co-digestion technologies were developed on the 
basis of the digestion process adopted [2,3] and also 
with varying proportion[6] of MS with other 
substrate. The co-digestion process results with 
biogas production which can be boosted by using a 
variety of potential substrate [7,9] in a definite 
proportion. The substrates such as food waste and 
organic fractions are having different levels of 
protein, fat/oil/grease (FOG) and carbohydrates. The 
yield of biogas production depends on the potential of 
the substrates[15]. The yield of biogas production 
depends on the potential of municipal bio-waste and 
sewage sludge[13] produces the biogas [4,5] based on 
the proportion of the substrate.  
 
II. MATERIALS AND METHODS 
 
2.1. Substrate Preparation  
The MSW and MS are prepared as substrate for the 
anaerobic digestion and to produce energy. The 
organic fraction of MSW is made as pulp by grinding 
process. The MS and pulp form of MSW are mixed 
homogeneously in the ratio of 4:1 which is the 
average waste generated per person per day.  
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2.2. Capacity of the Digester  
The capacity of the anaerobic digesters is 2000litres 
each. The first and second aerobic digesters are 
2000litres each and the third aerobic digester is 
1200litres of capacity. 
 
2.3. Digestion Process 
The substrate which is stored in the overhead tank is 
allowed to digest anaerobically for 20 days in 
anaerobic digester (AND-1). After 20 days the 
effluent from AND-1 is allowed to digest in the 
second anaerobic digester (AND-2) for another 20 
days. The effluent from the AND-2 is allowed in an 
algae pond for 10 days. After 10 days the effluent 
from algae pond is allowed to pass in the aerobic 
pond for 20 days and finally the effluent from the 
second aerobic pond is passed to the third aerobic 
pond for 12 days. The final effluent is left as outflow. 
The five stage digester takes 85 days to complete the 
digestion process. The digester is designed as a 
laboratory scale model [10] to have 5 stages of 
digestion and the flow of substrate is continuous. 
 
2.4. Digestion Procedure 
The AND-1 has been loaded with MS of 100 litres 
and 250 grams of organic fraction of MSW every day 
as substrate from a over head tank. It is expected that 
at the end of 21st day the AND-2 would be loaded 
from the effluent pipe of the AND-1. The amount of 
gas evolved from the AND-1 is monitored after the 
Hydraulic Retention Time (HRT) of 20 days. The 
effluent characteristics on 21st day from the AND-1 
are determined. The effluent from the AND-1 is 
passed to the second anaerobic digester (AND-2) 
with the HRT of 20days. The amount of gas evolved 
from the AND-2 is monitored after the HRT. The 
effluent characteristics on 41st day from the AND-2 
are determined.  
 
An algae pond[11] is developed to give more 
dissolved oxygen to treat the effluent from AND-2 
with aerobic micro organism. Half of the algae pond 
is filled with the algae water and algae is developed 
naturally. The dissolved oxygen level at the algae 
pond is 6.2mg/l. The algae pond is designated as 
aerobic digester-1 (AD-1). The effluent from the AD-
1 on 50th day is allowed for 20 days in aerobic 
digester -2 (AD-2) to reduce the chemical oxygen 
demand through aerobic process. In this AD-2 fresh 
water fish is cultivated. The effluent from the AD-2 is 
allowed for 12 days in the third aerobic pond (AD-3) 
to reduce the chemical oxygen demand further 
through aerobic. The treated final effluent passes to 
AD-4 which is the outflow. 
 
III. RESULTS AND DISCUSSION 
 
The primary indexes used to evaluate digester 
performance[12] were pH, Total Solids (TSS), 
Chemical Oxygen Demand (COD), Dissolved 

Oxygen (DO) and methane content of the generated 
biogas. 
The biogas generated from AND-1 and AND-2 is 
collected in separate gas balloons. The volume of gas 
generation is measured using the bio gas meter daily. 
The COD, TSS, DO and gas production are 
monitored after allowing HRT in the respective 
digester. The volume of gas from the AND-1 and 
AND-2 is being monitored respectively from 21st and 
41st day. 
The TSS and COD determined for the influent to the 
digester is shown in figure.1 and at the end of HRT of 
each digester are shown in figure.2. The figure.3 and 
figure.4 are showing the amount of TS and COD in 
the inflow and outflow of the digesters. From the 
figure.3 and figure.4,  it is observed that the TS and 
COD content gradually reduces from the anaerobic 
digester to the aerobic digester as the substrate passes 
through the five stage digester. 
 

 
Figure.1. TSS and COD of the digester influent 

 

 
Figure.2. TSS, and COD of the digester effluent 

 

 
Figure.3. Total Suspended Solids in the digesters 
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Figure.4. Chemical Oxygen Demand in the digesters 

 
The COD of the influent and effluent (Figure.4) in the 
AND-1 and AND-2 and influent and effluent from 
AD-1 (algae pond) , AD-2, AD-3 and outflow are 
determined every day. It is estimated that the 
reduction of COD in the AND-1 is around 200 mg/l 
and the reduction of COD in the AND-2 is around 
100mg/l. The reduction of COD in the AD-1 is 
125mg/l, the reduction of COD in the AD-2 is around 
50 mg/l and reduction of COD in the AD-3 is around 
50 mg/l. The outflow from the AD-3 is having 48 to 
62 mg/l of COD hence, the reduction of COD from 
the 5 stage of digester is nearly 550 mg/l of COD. 
The reduction of COD will be monitored for another 
4 months to ascertain the reduction of COD from the 
two anaerobic digesters and three aerobic digesters. 
The methane and carbon dioxide composition in the 
biogas collected from AND-1 and AND-2 is 54% and 
12% respectively. 
The TSS reduction from AND-1 inflow and outflow 
is nearly 120mg/l and in the AND-2 is nearly 
200mg/l. The TSS reduction in the aerobic digester is 
less than that in the anaerobic digester. The reduction 
in TSS in the AD-1 and AD-2 is nearly 90mg/l and 
the TSS reduction in the AD-3 is 50mg/l.  
The effluent characteristics of outflow from AD-3 are 
given in the table.1. and table.2. From table.1. the pH 
of the outflow from the 5 stage digester is 7.04 which 
is within the permissible limits of 6.5 - 8.5 standard 
for potable water. The acceptable limit of TDS in 
drinking water is 500 mg/l but in the final effluent it 
is about 815mg/l present. So it needs a preliminary 
treatment to reduce the TDS if it is used for drinking 
purpose. The BOD and COD are very much reduced 
compared with the substrate BOD and COD.  

 
Table.1. Effluent Parameters for potable water 

 
 

Table.2.Effluent characteristics of the outflow from 
AD-3 

 

 
 
From the table.2. it was observed that there is no 
objectionable odour and the effluent is slightly turbid. 
Even the pH and other parameters are within limits 
and there is no faecal coliform present in the final 
effluent.   
 
CONCLUSION 
 
The following conclusions were drawn from the 
laboratory scale model study 
 The digesters achieved steady state condition due 

to the homogeneous mixture of pulped MSW and 
MS 
 The composition of methane in the biogas is 54% 

which can be used as an alternate energy source. 
 Apart from serving as an alternate energy source, 

the digester helps in digesting the MS and MSW 
leading to waste utilization in a productive way. 
 The effluent from the five stage digester can be 

utilized for potable water provided chlorinated 
properly. 
 The effluent can be also be used for gardening and 

other water dependent purposes. 
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