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 ABSTRACT 
 

A prototype anaerobic model of 4.37 m3 was developed for the study of biogas production and biogas 
manure from the mixed kitchen waste generated from SRM University hostels. It was developed for a 
trail study for establishment of 90 m3 biogas plant in the campus. SRM hostels consists of 12 Block 
with 4 kitchens cooking food for more than 6000 students. It was estimated that an average food waste 
(cooked and uncooked) per person was 200 gm. The option available for  management of this huge 
kitchen waste was open land disposal and as animal feed. The reactor was filled with 2/3rd of its 
capacity with mixed kitchen waste, cow dung and sewage in definite proportiona. The retention period 
was maintained for 40 days. The biogas is evolved during the period of digestion its was simple 
exhausted in atmosphere.  The study was mainly based on biogas manure quality which was produced 
after the digestion of kitchen waste. After the 40 days semi-liquid biogas slurry was obtained. This 
semi-liquid slurry was used for the manure analysis. Total 6 composite samples of biogas slurry was 
analysed on oven dry basis. An average percentage of nutrient in these samples were found to be 2.02% 
nitrogen, 0.69% phosphorus and 1.11% potassium respectively. The nutrient value was compared with 
the other biogas manure which was estimated by Regional Centre for Biogas development IIT, 
Kharagpur, India State: W. Bengal.  The biogas manure which produced by kitchen waste is good of 
manure.  
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INTRODUCTION 
About 80% of Indian population depending 
upon the agriculture. An integrated farming 
system was developed for the reduction of 

agricultural waste by its conversion in 
compost. The integrated farming system is 
part of the strategy to ensure sustainable use 
of the natural resources for the benefit of 
present and future generations.1 While 
immediate attention has been given by * Author for correspondence 



Journal of Environmental Research And Development               Vol. 5 No. 1, July-September 2010 

 
 

165

developing countries to ensure adequate 
material supplies to fuel their energy-
intensive food systems,2 long-term concerns 
were raised about the difficulty with the 
realization that the high cost of energy and 
fertilizers would be a major limitation to 
their development.3 practically all the 
problems of getting enough food to eat began 
to be overshadowed by the problems of 
acquiring the energy needed to cook it. Apart 
from the financial costs, there is a severe 
strain on time budgets, notably those of 
women and children, who spend increasingly 
long hours collecting fuel wood.4 These 
problems are exacerbated by the seasonal 
imbalance in biomass supply and the vicious 
cycle of greater quantities of dung being used 
as fuel rather than as fertilizer for 
maintaining crop production. Hence, this 
strategy is not sustainable; the more 
appropriate technical option in this case is to 
convert the manure to biogas through 
anaerobic digestion. The biogas can be used 
to satisfy household fuel demand instead of 
the manure that before was use as fuel for 
cooking. The effluent from the biodigester is 
a replacement of chemical fertilizer for use 
on land crops, or in ponds for production of 
water plants and fish.5,6 
In SRM University campus it is not possible 
to collect the agricultural waste from farm 
land for fulfillment of experiment. We have 
studied some alternative of agricultural waste 
within the campus. Finally we got the 
solution of this problem as food waste 
(cooked and uncooked). SRM University 
consists of 12 nine storeyed hostel building 
with accommodation capacity of more than 
6000 students. The hostels are facilitated 
with 4 kitchens for cooking food for 
students. A huge amount of kitchen waste is 

generated every day in the campus. It is 
estimated that an average food waste per 
students is 200gm.  The total kitchen waste 
generated from hostels is 1200 Kgs per day. 
About 70 % wastes are biodegradable it 
consists vegetable and fruit peels, cooked 
and uncooked food and other kitchen refuses. 
The management of this huge amount of 
kitchen waste is very difficult. Currently the 
management of this huge amount of waste is 
open disposal on land or use as an animal 
feed by local people and another option for 
the sustainable management of kitchen waste 
is biogas production through a biogas 
reactor. Lot of technologies available for 
biogas production and numbers of reactor 
designs are available. But here we developed 
a vessel type of reactor for the production of 
biogas and biogas manure (BgM) from 
mixed kitchen waste which is based on 
principle of traditional biogas plant.  
Biogas typically refers to a gas produced by 
the biological breakdown of organic matter 
in the absence of oxygen. Biogas is the 
mixture of Methane (70-75%), Carbon 
dioxide (10-15%) and water vapour (10%).  
It also has traces of other gases such as 
hydrogen sulphide, ammonia and hydrogen. 
Biogas is highly combustible and hence used 
as a fuel (calorific value about 55kj/g). 
Biogas Manure (BgM) is a by-product 
obtained from the biogas plant after the 
digestion of mixed kitchen waste. 
Anaerobic digestion   
Anaerobic digestion is a series of processes 
in which microorganisms break down 
biodegradable material in the absence of 
oxygen. The digestion process begins with 
bacterial hydrolysis of the input materials in 
order to break down insoluble organic 
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polymers such as carbohydrates and make 
them available for other bacteria. Acidogenic 
bacteria then convert sugars and amino acids 
into carbon dioxide, hydrogen, ammonia, and 
organic acids. Acetogenic bacteria then 

convert these resulting organic acids into 
acetic acid, along with additional ammonia, 
hydrogen, and carbon dioxide. Methanogens 
finally are able to convert these products to 
methane and carbon dioxide. 

C6H12O6 → 3CO2 + 3CH4 

 
The process of substrate decomposition and 
methane production for methane 
fermentation is according to the general 
stiochiometric equation.7 

CnHaOb + (n-a/4-b/2) H2O = (n/2-a/8+b/4) 
CO2 + (n/2+a/8-b/4) CH4 

Factors that influences the biogas 
production in prototype model  
Temperature 
There is a close relationship between biogas 
fermentation process and temperature of the 
reactor. The higher the temperature,  more 
biogas is produced but when temperature is 
too high this can cause metabolic processes 
to decline as microorganisms cannot tolerate 
the conditions and enzymes become 
degraded.8,13 
Bacteria are classified according to their 
preferred temperature. Spycrophilic bacteria 
work best between 10 and 20 ºC, mesophilic 
between 20 and 30 ºC and thermophilic 
bacteria  between  45  and  60 ºC.  Anaerobic  

 

 
digestion is very efficient in the thermophilic 
range, but rural type digesters use mesophilic 
bacteria, as temperatures higher than 35ºC 
are very hard to obtain. For mesophilic 
bacteria the optimum digestion occurs at 
about 35ºC whereas for the thermophilic 
range the optimum is 55ºC . 
The temperature of reactor was maintained 
26-320C with the help of solar radiation. In 
my research, the ambient temperature (27 to 
30.3 ºC) was in the range of the mesophilic 
bacteria. But in night it is very difficult to 
control the temperature therefore, the 
production of biogas in night was reduced.  
Concentration of solids 
The solids concentration in the biodigester 
affects rate of fermentation.13 The 
concentration of total solids in input 
suspension can be varied within the range of 
400-650 g/liter. 
Retention period  
The amount of gas produced depends on the 
volume of slurry in the biodigester (the liquid 

       Hydrolysis               Acidogenesis          Acetogenesis           Methanogenesis 



Journal of Environmental Research And Development               Vol. 5 No. 1, July-September 2010 

 
 

167

volume), being normally about two third of 
digester volume.9 The digester volume is 
depend on  retention period and loading rate, 
in terms of manure solids per unit liquid 
volume.8 In this experiment 40 days retention 
period was maintained. 
In order to have a retention time of 40 days, 
the total  input in a 4.37 m3 digester should 
be: volume of slurry: 2 /3x4.37 = 2.91 m3 or 
2910 liters or 2671.38 kg.10  
Inocula 
Biogas production is not possible without a 
sufficient quantity of biogas microbes. These 
are often low in number in fresh material. 
Therefore, fresh cow dung is used as source 
of microbes. It was reported that fresh cow 
dung contains more than 30 anaerobic 
bacteria. 
pH 
Biogas fermentation requires an environment 
with neutral pH and when the value is below 
6 or above 8 the process will be inhibited or 
even cease to produce gas because of the 
toxic effect on the methanogens population.11 
The optimum for biogas production is when 
the pH value of the input mixture in the 
digester is between 6 and 7. Increasing the 
amount of feedstock or a change in 
fermentation material is likely to acidify the 
fermentation system because of accumula-
tion of volatile fatty acids (VFA). In this way 
pH can be used to indicate if the system is 
being overloaded. In the initial period of 
fermentation, as large amounts of organic 
acids are produced by acid-forming bacteria. 
The pH inside the digester may fall below 5 
causing inhibition of the growth of the 
methanogenic bacteria and hence reduced 
gas generation.12  Acetate and fatty acids 
produced during digestion tend to lower the 
pH of digester liquor. Some of the CO2 
produced by the bacteria dissolves in         
the  water  to  form  dehydrogenate carbonate  

(H2CO3) which is in equilibrium with 
bicarbonate ions (HCO3 

-). The HCO3
– causes 

the solution to become mildly alkaline and 
the amount of the HCO3

– depends on the 
concentration of CO2 and amount of acid in 
the slurry. 

MATERIAL AND METHODS 
Startup process 
Raw mixed kitchen wastes were crushed into 
small pieces with the help of mechanical 
crusher. It  was mixed with cow dung and 
sewage in definite proportion to make the 
waste into slurry. 5 kg of crushed mixed 
kitchen waste was mixed with 250 gm of fresh 
cow dung and 1 liters of sewage. Cow dung 
was used as a source of methanogenic bacteria. 
This slurry was filled 2/3rd of reactor through 
inlet which was provided on the dome of 
reactor and leakage was checked. Initially 
reactor was in aerobic condition; aerobic 
digestion started in reactor and carbon dioxide 
was produced as byproduct. The amount of 
available oxygen was drastically decreases in 
reactor and finally anaerobic condition was 
established inside reactor, methane was 
produced by a complex degradation processes.   
Biodigestor 
A doubled layer iron vessels was designed 
with a capacity of 4.37m3 (2.7m ×1.8m 
×0.9m) in tubular shape. It was completely 
sealed for, providing an anaerobic 
environment.14 The reactor was equipped with 
pressure meter, inlet and outlet for the mixed 
kitchen waste slurry and biogas slurry. A 
separate biogas ejector pipe was installed at 
the dome of reactor. A manually hand 
operated mixer was provided at top of the 
reactor for mixing of food waste. The mixing 
was done twice a day of 12 hrs difference for 
mobilization of food in reactor in whole 
retention period. After 40 days a semi-solid 
byproduct was obtained from the reactor. This 
semi-solid slurry was known as biogas     
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manure (BgM). The schematic diagram of 
reactor was shown in  Fig. 1. 
Sampling  and  analysis 
A composite sample was taken from raw 
mixed kitechen waste for analysis of waste 
characteristics before mixing with fresh cow 
dung and sewage. After 40 days the semi-
solid slurry was obtained from the reactor 
which was used as sample for analysis of its 
nutritional values in BgM. Total six 
composite samples of biogas slurry were 
taken   and  analysed  on  oven  dry  basis  by  

using standard guideline for compost 
analysis issued by Central pollution Control 
Board, New Delhi. Nitrogen, Phosphorus and 
Potassium were analysed in samples. 

RESULTS AND DISCUSSION 
pH 
Here pH was increased during the digestion 
of waste from 6.58 to 7.63. At this stage 
production of biogas is maximum. pH for the 
stability of the digester is therefore alkalinity 
which indicates the buffering capability of 
the fermentation system.   

  Fig. 1:  Schematic diagram of anaerobic biogas fermentor with kitchen waste.  

Table  1 : Analysis report of crushed mixed kitchen waste samples 
Parameters Actual result in % 

pH 6.58 
Soluble nitrogen 0.48 

Available phosphorus 0.18 
Potassium 0.24 
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Table 2: Analysis report of Biogas Manure samples 

Parameters Actual result in % 
pH 7.63 

Total nitrogen as N2 0.48 
Available phosphorus  as P2O5 0.18 

Potassium as K2O 0.24 
 
If the pH drops it indicates that the buffering 
system has already failed and too much acid 
is being produced usually because the 
methanogenic bacteria have stopped 
working. Methanogenic bacteria are very 
sensitive to pH and do not thrive below a 
value of 6.5. Later, as the digestion process 
continues, the concentration of NH4 increases 
due to digestion of nitrogen which can 
increase the pH value to above 8. When the 
methane production level is stabilized, the 
pH range remains buffered between 7.2 and 
8.2. 
Nutritional value 
The nutritional value of the biogas manure is 
compare with other biogas manure which is 
done by “The Regional Centre for Biogas 
development” IIT, Kharagpur, India State: W. 
Bengal. According to the  Table 2.  and Table 4.   

 
the nutritional values were compared. The 
percentage of nutrient found in 6 composite 
samples categories as BgM of mixed kitchen 
waste is good manure.(Table 3) 
Economics of biogas and BgM slurry 
usage 
The benefit of biogas manure is used because 
it represents a tangible cash benefit. Many 
economic analyses derive monetary benefits 
from the use of BgM by assessing the 
nutrient content of biogas manure 
determining the equivalent quantity of 
chemical fertilizer, and converting this to a 
monetary benefit by multiplying the quantity 
by the unit price of chemical fertilizer. 
Similarly the assessment of benefits and 
costs of biogas technology and BgM related 
technologies have been worked out in the 
Table 4. 

Table 3 : Comparison of nutrient status of the different organic manures with BgM 

Manure N2 (%) P2O5 (%) K2O 
Fresh cattle dung 0.3-0.4 0.1-0.2 0.1-0.3 

Farmyard manure 0.4-1.5 0.3-0.9 0.3-1.9 

Compost 0.5-1.5 0.3-0.9 0.8-1.2 

Poultry manure 1.0-1.8 1.4-1.8 0.8-0.9 

Cattle urine 0.9-1.2 Trace 0.5-1.0 

Paddy straw 0.3-0.4 0.8-1.0 0.7-0.9 

Wheat straw 0.5-0.6 0.1-0.2 1.1-1.3 

BgM (Cow dung) 1.5-2.5 1.0-1.5 0.8-1.2 

Source : Regional Centre for Biogas development IIT, Kharagpur, India State: W. Bengal 
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Table 4 : Monetary values of primary fuel saved and manure replaced by Biogas and     
                BgM   in Biogas plants of different plant capacities. 

Plant size 
(Cu.m) 

 
 

Equivalent 
fire 

wood/day 
(Kg) 

Input slurry 

Amount 
(Rs) 

BgM (Rs) 

BgM/day 
(Kgs) @ % 

Efficiency of 

Manure cost 
(Rs) 
from 

Total 
income 

1 3.20 6.45 12 3.60 10 
2 6.40 13.00 24 7.25 20 
3 9.65 19.25 36 10.75 30 
4 12.85 25.75 48 14.60 40 

Source: Biogas manure user’s guide, VK-NARDEP 
 

CONCLUSION 
The efficient utilization of BgM manure in 
farming systems is one way to assist poor 
rural farmers through improved food 
security. The logical approach is the use of 
the manure to have a dual purpose approach 
to stabilize the environment and improve the 
health condition, because biodigesters have 
an important role for reduction of pathogens 
and conversion of organic N to ammonia N.  
It is a potential “factory” for improving the 
farming system, providing low cost energy, 
and fertilizer to improve crop production. 
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