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                                                    ABSTRACT 
 

The proper management of solid waste is the need of the time. The solid waste consists of 
various components, some of them are biodegradable where as other are non biodegradable. 
The waste from various biodegradable sources could be utilized as a feed material for the gas 
production. The objective of this study is food waste management through biogas 
production.  Comparative studies of biogas production using various substrates were carried 
out. The substrates used were (A) Kitchen waste and (B) Unprocessed food waste including 
raw vegetable waste (fenugreek) and banana waste. Various parameters were studied during 
biogas production like alkalinity, protein content, carbohydrate and chemical oxygen 
demand. During the comparative study of different substrates it was observed that the 
protein content, carbohydrates and chemical oxygen demand decreased with the increase in 
time, where as pH and alkalinity varied.  In addition to these parameters methane production 
was also monitored with the correlation of chemical oxygen demand reduction. The present 
study is helpful to set up  small scale optimized biogas plants with locally available waste 
material. 

Key Words : Anaerobic digestion, Biogas, Kitchen waste, Renewable energy, Solid waste 
management. 

 

INTRODUCTION 
Waste minimization and energy generation 
is the recent emerging concepts. The 
conventional energy resources are 
declining now a days, hence a suitable 
substitute for conventional resources are 

being explored. Cities in Maharashtra 
typically produce municipal solid waste 
(MSW) 0.4-0.5 kg/person/day.1 Solid 
wastes can be used for production of 
biogas. Biogas comprises of 68% methane, 
31% carbon di oxide, 1% nitrogen, It also 
forms a combustible mixture in range of 
6% to 15% concentration in air.2 * Author for correspondence 
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Anaerobic digestion is a known process to 
treat organic wastes. Resource recycling and 
energy saving systems for processing organic 
solid waste in urban areas need to be 
established. Anaerobic digestion has been 
considered to be a promising energy saving 
and recovery process for the treatment of 
organic solid waste with a high water content 
such as kitchen waste.3 Anaerobic digestion 
also has been suggested as an alternative 
method of removing the high concentration 
organic waste.4 The advantages of such 
processes over conventional aerobic 
processes are low energy requirement for 
operation, a low initial investment cost and a 
low sludge production. In addition, the 
anaerobic digestion process produces biogas, 
which can be used as a clean renewable 
energy source.5-8  
Food waste (falls into a broader category of 
biodegradable waste) means all sorts of food 
wastes coming from restaurants, catering 
facilities and as well as home kitchens. 
Kitchen waste makes up a significant part of 
biodegradable waste and thus it should be 
further processed.9  

The present study is concerned with the 
alternative energy production from solid 
waste especially food waste. The objectives 
of present work are to investigate the 
potential of food waste in terms of biogas 
production and organic matter degradation.  
The alternative energy resource is the need of 
time but as the management of solid waste is 
a big problem. The hotels, canteens, 
restaurants and food processing industries are 
the major sources of the food waste. The 
food waste is even generated in considerable 

amount at the household level. It includes 
left over food, dish wash waste, vegetable cut 
outs, fruit peels and deteriorated fruits and 
vegetables. The food waste is considered to 
have high organic matter and hence it can be 
treated anaerobically for biogas production. 

This paper deals with the experimental study 
carried out by means of laboratory scale 
plant to generate biogas from the food 
wastes. The study had been carried out for 
various substrates from different sources like 
cooked food waste (CF), wasted bananas 
(BW) and Vegetable cut out [includes stem 
of fenugreek] (VW) All the substrates were 
treated anaerobically for biogas production 
and pH, alkalinity, proteins, carbohydrates 
and chemical oxygen demand were observed. 
The study of these parameters will help us to 
establish a biogas system with available 
substrate and utilize different types of 
available food waste for biogas production. 

Objectives 
1. To generate energy from waste. 
2. To study the different physical and 

chemical parameters of different food 
wastes. 

3. Comparison of biogas is produced from 
different food wastes. 

4. Study of different parameters during 
biogas production. 

MATERIAL AND METHODS 
This section describes the methodology 
adopted to analyze the key parameter of the 
waste, which is later used as an indicator to 
predict the methane generation potential of 
the substrates of kitchen wastes studied. The 
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substrates were cooked food waste (CF), 
wasted bananas (BW) and Vegetable cut out 
[includes stem of fenugreek] (VW). 

Experimental set up: A laboratory scale 
plant was set up for the study purpose. 
Experiments were carried out in a batch 
system in two 750 ml bottles (used as a 
reactor) with an air tight rubber cork. The 
bottles were inter connected with a 
rubber pipe (2 cm diameter) inserted in 
the cork on both the sides by a needle. 
100 gm of substrate was fed in the first 
bottle (B1). Cow dung is used as a start 
up material. The second bottle (B2) was 
filled with 1 N NaOH and kept inverted 
on a stand. An open end of the needle 
was kept in lower direction. NaOH was 
used as CO2 absorbent. If CO2    gets 
absorbed by NaOH and due to bubbling 
action the volume of Sodium Hydroxide 
gets displaced from the gas collection 
bottle.  The remaining gases are methane 
and hydrogen sulphide hence it indicates 
that the collected gas was CO2 .  

Analytical Methods : The substrates 
were analyzed at the specific intervals for 
the biogas production. Prior to anaerobic 
digestion process, the food waste samples 
were analyzed for pH, alkalinity, 
proteins, carbohydrates and chemical 
oxygen demand Table 1 reports the 
initial loading conditions for all the 
substrates. pH, alkalinity and COD were 
determined according to standard 
methods.10 Protein and carbohydrate were 
analyzed by standard methods. 

RESULTS AND DISCUSSION 
The COD reduction in all the substrates 
was variable depending on the type of 
substrate. The highest COD removal 
94.30% was in CF. The least COD 
reduction  65.75% and 63.83% was in 
substrates BW and VW respectively.  

The COD reduction occured at all pH 
levels. The initial pH for CF, BW and VW 
was 5, 5 and 6.3 respectively and the final 
pH of the three substrates was 6, 5.6 and 
11.2. The pH varies with the anaerobic 
process. Due to acidogenesis stage of 
anaerobic digestion the pH decreases and 
later due to methanogenesis stage the pH 
increases. A falling pH point towards acid 
accumulation.11 According to Park et al12  
the optimum pH range for thermopiles 
acidogens is  6. 

Results indicate that the acid concentration 
affects the alkalinity of the substrates. The 
pH and alkalinity are the only two 
parameters which initially decrease and 
later increase during the study. Table 2. 
presents the alkalinity, protein and 
carbohydrate concentrations of various 
substrates. The analysis of alkalinity 
indicated that the alkalinity concentrations 
vary with the anaerobic digestion. VW had 
highest initial alkalinity. It is believed that 
the anaerobic digesters with high alkalinity 
are more stable because of their high 
buffering capability.   
Protein concentration also decreased in all 
the substrates with increase in time. Protein 
content was maximum in CF. The  result  of  
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Table 1: Initial characteristics of various parameters of all the substrates   

Parameters 
Substrates 

CF BW VW 

pH 5±0.05 5±0.03 6.5±0.01 

Alkalinity(mg/lit) 500±1.35 400±0.5 650±1.57 

Proteins (mg/lit) 90±1 95±0.49 84±0.36 

Carbohydrates(mg/lit) 6±0.05 8±0.05 4.3±0.1 

COD (mg/lit) 615.1±0.56 600.2±0.7 553±0.5 

Data are presented as the mean of ± standard deviation of three replicates. 
Table 2: Alkalinity, Proteins and Carbohydrates concentrations of all substrates. 

Parameter Days CF BW VW 

Alkalinity 2 
457.1 ±0.26 449.06 ± 0.5 643 ± 0.68 

4 
399.8 ±0.26 400 ±0.01 630 ± 0.29 

6 
599.7 ±0.55 620 ± 0.61 900±1 

8 
799.7 ±0.26 750.16 ± 1.04 948±3.79 

Proteins 2 
84.4 ±0.36 81.23 ±0.25 88.37 ± 0.30 

4 
70.46 ± 0.89 75.23 ± 0.2 84.2 ± 0.1 

6 
34.4 ± 0.45 40 ± 0.81 56.53 ± 0.25 

8 
25.46 ± 0.28 15.33 ± 1.24 52.83 ± 0.94 

Carbohydrates 2 
5.3 ±0.05 7.32 ±0.01 3.91 ± 0.04 

4 
4.03 ±0.05 6 ±0.01 3.35 ± 0.035 

6 
3.5 ± 0.01 5      ± 0.01 2.71 ± 0.031 

8 
1.96 ±0.05 3.9    ±0.1 2.1 ± 0.459 

Data are presented as the mean of ± standard deviation of three replicates.  
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carbohydrate was close to those obtained by 
Park et al which indicate that carbohydrate 
concentration decreased in all substrates. 
The study carried by Park et al indicates  
that the carbohydrate concentration 
decreases at all pH conditions. The 
carbohydrate degradation leads to organic 
acid production and the results of 
carbohydrate degradation and organic acid 
production are consistent. The highest 
values of carbohydrate content were 
obtained in BW. 

CONCLUSION 
After  studying   the  various   parameters   of  
all the different substrates of kitchen waste it 
was observed that the methane generation 
was lowest in VW. Study revealed that the 
gas generation directly depends on the initial 
characteristics of the substrates. The results 
indicate that the food waste is the best source 
of methane generation due to its 
biodegradable capacity Biogas production 
from different food wastes could be 
enhanced by adopting biotechnological 
applications. And further study could be 
carried by various pre treatments of above 
substrates to gain maximum methane gas 
production. 
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