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Abstract 

Biogas technology provides an alternate source of energy and it is considered as an appropriate technology that meets 

the basic need for fuel in many areas. Using local resources, viz. cattle waste and other organic wastes, energy is derived. 

Realization of this potential and the fact, biogas is produced from organic wastes by concerted action of various groups of 

anaerobic bacteria. An attempt has been made in this project to understand the microbial diversity in biogas digesters, their 

interactions, and factors affecting biogas production, alternate feedstock, and uses of spent slurry. The effect of feed stock on the 

biogas yield of cattle manure and food waste was evaluated in batch digesters under mesophilic conditions (35˚C). Moreover, the 

study determined the biogas production potential of mixtures cattle manure and food waste or food waste alone. The results of 

this study indicate that the mixture of food waste and cattle manure is a highly desirable substrate for anaerobic digesters with 

regards to its high biodegradability and methane yield.  
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Introduction 

Anaerobic digestion is a biochemical technology 

for the treatment of organic wastes and the production of 

biogas, which can be used as a fuel for heating or co-

generation of heat and electricity. Except recyclable 

materials such as paper, plastics, etc., food waste is the 

largest waste stream which includes food residues, fruits, 

vegetables, grain etc. Improper treatment of food waste 

with 70-90% moisture content and high organic content 

(Tchobanoglous et al., 1993; Zhang et al., 2006) would 

cause serious environmental problems, such as odour and 

other factors (Slack et al., 2005). Landfill is one of 

conventional approaches for food waste disposal; however, it 

would be limited in the near future, due to the concerns of 

greenhouse gas emission or other negative impacts on the 

environment (European Council, 2002). Anaerobic 

digestion has been recognized as environmentally friendly 

technology to convert organic solid waste such as animal 

manure, food waste, and organic fraction of other wastes 

into renewable energy in biogas form (Mata-Alvarez et al., 

2000). However, it has also been found that the digestion 

process tends to fail, when degradable organic matter is 

used as sole substrate without external nutrients and 

buffering a g e n t  (Demirel and Scherer, 2007). 

Codigestion of different materials may enhance 

the anaerobic digestion process due to better carbon and 

nutrient balance (Mshandete et al., 2004; Parawira et al., 

2004). According to Mata-Alvarez et al. (2000), digestion 

of more than one substrate in the same digester can 

establish positive synergism and the added nutrients can 

support microbial growth. Codigestion with other wastes 

could provide more suitable physicochemical property of 

feedstock and more balanced nutrients for efficient 

digestion and high biogas production; thus, it could be 

used to achieve higher digestion efficiency. There are a 

number of wastes, which could be used to codigest with 

food waste. Cattle manure  is  a  better  one  for  

codigestion  due  to  the  availability, biodegradability 

(Zhang et al., 2006) and its suitable physicochemical 

characteristics (Council for Agricultural Science and 

Technology, 1995). Several studies have been made on 

the codigestion of various organic wastes with cattle 
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manure. Callaghan (Callaghan et al., 1999) investigated the 

codigestion of cattle slurry with other organic wastes such 

as fruit and vegetable waste, and found that codigestion 

could obtain more methane production than the digestion 

with cattle manure alone (El-Mashad and Zhang, 2006). 

On evaluating the performance of the codigestion of food 

waste with cattle manure using a completely mixed 

reactor, the results show a high biogas yield.  For co-

digestion, the performance is determined by a number of 

factors, but the composition of influent or the mixing ratio 

is believed to be a critical one (Murto et al., 2004).   

Besides feedstock used for codigestion, digestion 

system is another important factor. For the highly 

biodegradable waste, two-phase digestion system was 

believed to be more advisable ( Mata-Alvarez et al., 2006). 

In anaerobic digester, the digestion process is separated 

into an acidification phase and a methanogenesis phase. 

This  could  provide  more  suitable condition  for  acid-

forming  bacteria  and  methane-forming   bacteria  

respectively,  thus enhancing the overall activity in 

digester. Many studies have demonstrated the advantages 

of anaerobic digestion of organic wastes (Dinsdale et al., 

2000; Bouallagui et al., 2004; Mata-Alvarez et al., 2006). 

The objective of the present work was to investigate the 

performance of co-digestion of food waste with cattle 

m a n u r e  and determine appropriate co-digestion 

parameters in terms of biogas production. 

Materials and Methods 

Collection and preparation of substrate: Cattle manure 

Cattle manure was collected from a cattle farm, 

Taramani, Chennai. T he cattle manure was separated by 

a screen to remove fibers. The samples were scraped off the 

feed lanes and collected separately. The samples were fed 

immediately to the biogas anaerobic digester. Cattle manure 

had stronger buffer capacity as indicated by higher 

alkalinity of 2.68 g CaCO3/L. 

Food wastes 

 Food waste was collected from Himalaya mess, 

IIT Madras, Chennai processing 360 kg/day of food waste 

by screening as feedstock for the production of biogas.  

Food waste includes food residues, fruits, vegetables, grain 

etc. from various caterers from Himalaya mess. Details 

about the sources and processing procedures of food waste 

are described by Zhang et al. (2006). To determine the 

effect of solids removal from raw manure via screening on 

the biogas production potential, raw manure was diluted 

with tap water. The food waste was shredded into 5-10 

mm size pieces by food grinder in the latter part of the 

project.  

Anaerobic digestion tests: Anaerobic digester 

 The volume of anaerobic reactor for acidification 

and methanogenesis was 80000 L. The digestion system 

was performed in semi-continuous mode. Digestion tests 

were performed on the two mixtures of manure with food 

waste and food waste alone. 

Test performed by feeding manure and food waste 

The test performed by feeding manure and food 

waste contained 360 kg of food waste per day and 200 kg 

of cattle manure which was fed every Monday for 80 days. 

These mixture ratios were specified according to the 

amount of food waste that could be delivered to an 

anaerobic digester at IIT Madras, Chennai, India where the 

co-digestion practice was done. All the tests were carried 

out using 80 cubic meter anaerobic reactors. Tap water was 

added to fill the digester for effective mixing and digestion. 

After few days of digestion, the reactor was opened and the 

pH was measured. The biogas produced during the process 

was collected and measured in a gas flow meter. During the 

process the following parameters were determined: 

Chemical oxygen Demand (COD), pH, materials being 

charged, time of charging, quantity of materials being 

charged, amount of biogas produced, smell, nature of the 

effluent, charging of cattle manure.  Smell, pH, time of 

charging, quantity of the food wasted, nature of the 

effluent, COD were tested according to the standard 

methods (APHA, 1998).  

Biogas measurements 

Biogas production was calculated daily from the 

measurement of pressure in the head space of each reactor 
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which is connected to a gas flow meter (Toshniwal 

Instruments Pvt. Ltd.). 

Chemical analysis 

The raw manure (i.e. unscreened manure), the 

fine fraction of screened manure and the food waste were 

also analyzed. The elements analyses were performed by 

Environmental and Water Resource Engineering 

Laboratory, IIT Madras, Chennai. 

Data processing and analysis 

It is known that during batch digestion, the biogas 

production rates and methane content considerably change 

over the digestion time and the significance of differences 

in the average biogas and methane yields, pH and COD for 

different substrates. 

Results and discussion 

Biogas production 

 After the digestion process reached steady state, 

the daily biogas production was recorded. The gas 

production rate was based on the working volume of 

digester. For each run, gas production rate showed the 

different trend. This was mainly due to the increased 

amounts of organic matters loaded. For the digestion with 

cattle manure and food waste, the highest gas production 

rate of 28.62 cubic meter was noted. Cattle manure 

contains certain amount of relatively hard degradable 

components such as cellulose and lignin, thus needs longer 

time for hydrolysis. The gas production rate of was found to 

be enhanced by 2-2.7 times in the case of food waste and 

cattle manure  as compared to the digestion of food waste 

alone (Fig. 1). After a period of 80 days, feeding of cattle 

manure was stopped and food waste was alone fed into the 

anaerobic digester. The samples from the digester and the 

effluent were taken for measurement of pH and COD 

analysis and the results are tabulated below. The tabulated 

results (Table 1) are noted during the initial stages of the 

operation of anaerobic digester. 

 Biogas was found to compose 60.52% of 

methane and 39.48% of carbon-di-oxide. On an average it 

has been found that the amount of biogas that is gained 

from the Himalaya anaerobic digester is 20.37 cubic meters 

which is approximately equal to 2.62 LPG cylinders which 

contains 7.75 cubic meter of gas. The combustion rates of 

biogas and LPG are 22.3 and 45.9 MJ/m3 respectively.  

Fig. 1. Biogas production of food waste alone or with the cattle 

manure 

 

 

 

 

 

 

Table 1.  COD and pH parameters of the anaerobic digester 

Conclusions 

 This study determined the degradation rate and 

biogas and methane yields of food waste and two mixtures 

of unscreened manure and food waste using an anaerobic 

digester at 35˚C. The gas production rate was enhanced by 

2-2.7 times in the case of food waste and cattle manure as 

compared to the digestion of food waste alone. The highest 

gas production rate of 10.29 cubic meters was achieved for 

digestion instead of codigestion of food waste alone during 

the initial stages of anaerobic digester operation. There 

were close correlations between degradation of organic 

matters and biogas production, which corresponded to 

the production of gas production rate. On the other hand the 

highest gas production rate of 28.62 cubic meters was 

achieved at the same conditions when food waste and 

cattle manure was fed into the anaerobic digester for the 

production of biogas. The digestion of food waste and cattle 

manure system showed good stability, when compared with 

the case of digestion of food waste alone. 

 The pH condition of the digester was found to be 

at  a   less   stable   state   due   to the improper usage of the  

 
Effluent Slurry Digestion area 

pH 4.1 8.1 7.5 

COD(mg/l) 672 762.6 
 

COD (mg/l) 40960 46400 46400 

pH 4.1 8.1 7.7 

COD (mg/l) 39960 44500 44700 
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anaerobic digester which led to decrease in the biogas 

production. Other conditions that were noted for the 

decreased condition of biogas is the introduction of feed 

stock into the anaerobic digester without crushing which 

resulted in less activity of microbes onto the feed stock. 

There was no significant increase in the pH level of the 

effluent even after the addition of calcium carbonate due to 

uncrushed food waste which led to decreased pH of the 

effluent. On the other hand, it was noted that the COD 

levels of the substances present in the anaerobic digester 

(Digested sludge, effluent and food waste) was very high, 

which was again due to the uncrushed feed stock. 
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