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ABSTRACT 
Vegetable markets generate huge quantity of vegetable wastes. These wastes are highly 
perishable and serve as a source of nuisance. Unscientific disposal methods result in adverse 
impact on the environment and human health. Biomethanation is a microbiological treatment 
process and appears to be an economically viable option for the treatment of vegetable wastes. It 
generates biogas, a source of renewable energy and fertilizer. Different effective parameters are 
known to affect biogas production efficiency. The present study deals with the optimization of 
biomethanation process parameters (viz. hydraulic retention time, organic loading rate, pH and 
temperature) for vegetable wastes at 1 litre level. During the present study, hydraulic retention 
time of 20 days, Organic loading rate of 0.320 g VS/l.d, pH of substrate 7.0 and temperature 
range 36-380C were found to be optimal conditions for production of biogas from the present 
vegetable waste mixture  
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INTRODUCTION 
Vegetable waste represents a major share of 
agricultural waste.1 They are produced in large 
quantities during harvesting, poor and 
inadequate transportation, storage facilities, 
marketing practices and processing of 
vegetables. The collection, transportation and 
disposal of vegetable waste is a very serious 
problem today. The present vegetable waste 
management systems includes disposal by 
dumping in municipal landfills, spreading on 
land and by feeding to animals. These 
treatment methods results in air, land and 
water pollution.2 It has also potential to cause 
hazards to human health. These methods 
further results in loss of potentially valuable 
materials that can be processed to generate fuel 
and fertilizer. 
Biomethanation is a complex process consist-
ing of a series of reactions catalyzed by 
hydrolytic, acidogenic, acetogenic and 
methanogenic microorganisms. Biomethana- 

tion converts vegetable waste into biogas 
comprising mainly methane and carbon 
dioxide.3,4 Methane, a source of renewable 
energy can be converted into electricity and 
effluent from biomethanation plant has a fert-
ilizer value.4,5  Biomethanation process 
parameters and bioprocess conversion 
efficiency differ from substrate to substrate 
under different   operating and environmental 
conditions. Operational Organic Loading Rates 
(OLR), Hydraulic Retention Time (HRT) ; 
environmental conditions like pH and 
temperature are the most  important factor 
which  affect biogas production efficiency.6-9 

AIMS AND OBJECTIVES 
To optimize process parameters such as HRT, 
OLR, pH and temperature for biomethanation 
of vegetable waste at 1 L level. 

MATERIAL AND METHODS        
1. Collection, preparation and storage of 

sample 
The vegetable wastes for the present study 
were collected from the local vegetable *Author for correspondence 
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market. The collected wastes were further 
segregated into individual vegetable waste 
types. The equal proportions of dominating 
individual wastes were mixed in the 
laboratory, shredded and ground in a kitchen 
blender to make a paste  
Preparation of inoculums 
Inoculum was obtained from an active 
mesophilic digester of cattle dung based 
biomethanation plant located at Degaon 
village, M.I.D.C., Satara, Maharashtra, India.  
Biogas digesters 
Biomethanation studies were carried out 1 liter 
capacity locally fabricated digesters. The 
effective volume of each of the reactor was 
maintained at 600 mL. The reactors were 
provided with suitable arrangements for 
feeding, gas collection and draining of 
residues. Acclimatization of inoculums was 
done before initiation of the experiment. The 
reactors were operated with daily feeding of 
vegetable waste slurry. The reactors were 
mixed manually by means of shaking and 
swirling once in a day to break the scum.  
2. Gas collection system, storage and 

analysis    
The gas collection system used for all the 
digesters constitutes an assembly of water 
displacement method. Biogas production from 
all the digesters was monitored at a fixed time 
each day. Combustibility was tested by 
burning the biogas. Analysis of biogas for its 
methane content was carried on Michro 9100 
Gas chromatograph by using Thermal 
Conductivity Detector (TCD) and nitrogen as 
carrier gas. 
3. Physico-chemical analysis of digester 

influents and effluents 
The physico-chemical analysis of influents (i.e. 
vegetable waste) and effluents were determi-
ned according to standard methods.10  
4. Biomethanation study at 1L level 
Optimization of HRT                                                                                           
For optimization of HRT, biomethanation of 
vegetable waste was carried out at different 
HRT as 10 days - 40 days under ambient 
temperature conditions and pH 7.0 of the 
substrate. The volumes of biogas were 
recorded daily and combustibility tested daily 

in the second cycle of retention time. The % 
methane contents were determined at the end 
of second cycle of retention times. The 
digester and its retention time, which showed 
maximum biogas yield and % methane was 
taken as optimum retention time. 
Optimization of OLR                                                                                           
For optimization of OLR, each reactor was 
feed with a calculated quantity of substrate 
with varying OLR as 0.160 g VS /l.d - 0.639 g 
VS /l.d after removing equivalent amount of 
sludge from the reactor. The experiment was 
carried out at ambient temperature conditions 
and influent pH 7. The volumes of biogas, 
combustibility testing and methane contents 
were determined as explained earlier. The 
digester and its OLR, which showed maximum 
biogas yield and % methane was taken as 
optimum retention time. 
Optimization of pH 
In order to optimize pH, the pH of vegetable 
waste slurry was adjusted to 5.5 - 8.5. These 
slurries were used for loading (0.320 g VS/l.d) 
of seven 1L capacity digesters with 20 days 
HRT. The experiment was carried out at 
ambient temperature conditions with two 
cycles 20 days retention time. The volumes of 
biogas, combustibility testing and methane 
contents were determined as explained earlier. 
The digester fed with substrate having 
particular pH, which showed maximum biogas 
yield and % methane was taken as optimum 
pH for biomethanation. 
Effect of temperature 
The biomethanation of vegetable waste was 
carried out at ambient temperature conditions to 
study influence of temperature on 
biomethanation process at optimized OLR, HRT 
and pH in the 1 L digesters. The experi-ment was 
performed during the summer season for getting 
temperature variations. During the studies the 
average volumes of biogas were recorded daily 
for the period of 30 days. The temperature range 
which showed maximum biogas yield was taken 
as the optimum temperature range for 
biomethanation of vegetable waste. 
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Biomethanation study using optimized 
parameters 
The 1L digesters were operated with daily 
feeding of the substrate at optimized OLR and 
pH under ambient temperature conditions with 
two cycles of 20 days retention time. The 
volumes of biogas, combustibility testing and 
% methane contents were determined as 
explained earlier. The pH, Total Solids (TS), 
Volatile Solids (VS), Biochemical Oxygen 
Demand (BOD) and Chemical Oxygen 
Demand (COD) parameters of influents and 
effluents were analysed.  

RESULTS AND DISCUSSION 
Physico-chemical analysis of vegetable 
waste                                                                         
Potato (Solanum tuberosum L.), Onion (Allium 
cepa L.), Cabbage (Brassica oleracea L. var. 
capitata), Cauliflower (Brassica oleraceae L. 
var. botrytis), Tomato (Lycopersicon 
esculentum  Mill.)    and     Brinjal     (Solanum 
melongena L.) wastes dominated the compo-
sition of vegetable waste. They were further 
subjected to prepare paste that consti-tutes 
mixture of dominant vegetable waste.   
The moisture content of the waste was 89.5%. 
The   BOD and COD of vegetable waste slurry  

were found to be 97150 mg/l and 174000 mg/l 
respectively. The total solid content was 44300 
mg/kg with the major content as total volatile 
solids which accounts for 86.5% of total solid 
content. The ratio of total organic carbon to 
total nitrogen was found to be 15.38 indicating 
slight nitrogen deficiencies. BOD: N: P ratio 
was found to be 962:14:1. The protein and fat 
content of the waste was found to be 9081 
mg/kg and 4000mg/kg respectively. Thus, a 
vegetable waste was found to be highly 
amenable for biomethanation.  
Optimization of HRT for biomethanation of 
vegetable waste at 1L level 
Production of biogas during anaerobic 
digestion of vegetable waste at different HRT 
is presented in Table 1. The ambient 
temperature during the 40 days experiment 
was 30-360C. The minimum of biogas 
production was found at 40 days retention time 
i.e., average 94.65 mL/day while maximum 
biogas volume was obtained at retention time 
of 20 days, with 214.9 mL/day, of biogas. 
Hydraulic retention time of 20 days was found 
to be optimum. The results of optimization of 
HRT for mixture of six vegetable wastes are in 
accordance with those reported by previous 
researchers.11-15 

Table 1 : Optimization of HRT 

S/N Digester HRT 
(days) 

Total biogas 
yield (mL) 

Average biogas 
yield          

(L/g VS added.d) 

% 
methane 

1 A 10 5509 0.430 52.16 
2 B 15 6526 0.510 54.72 
3 C 20 8596 0.672 59.0 
4 D 25 6893 0.539 58.22 
5 E 30 5189 0.405 56.16 
6 F 35 4558 0.356 55.95 
7 G 40 3786 0.296 55.91 

Optimization of OLR for biomethanation of 
vegetable waste at 1L level 
Production of biogas during anaerobic digest-
ion of vegetable waste at different HRT is 
presented in Table 2. The ambient temperature 
during the 40 days experiment ranged 30                
-360C. The minimum of  biogas (average 94.65  

mL/day) production was found at OLR of 
0.160 g VS/l.d, while maximum biogas volume 
(average 214.9 mL/day) was obtained at OLR 
of 0.320 g VS/l.d. Organic loading rate of 
0.320 g VS/l.d was found to be higher than the 
yield reported by previous researchers from 
biomethanation of mixture of vegetable 
wastes.13,16 
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Optimization of pH for biomethanation of 
vegetable waste at 1L level 
Production of biogas during anaerobic 
digestion of vegetable waste at different pH is 
represented in Table 3.  
The ambient temperature during the 40 days 
experiment ranged 30-370C. The biogas yield 
increased from pH 5.5 to 7.5 and afterwards 

decreased towards alkaline conditions. The 
minimum of 124.88 mL/day was found at pH 
8.5, while maximum of 230.93 mL/day was 
found at pH of 7.  The pH 7.0 was found to be 
optimum yielding highest biogas of 0.722 L/g 
VS.d. The results of optimization of pH are 
comparable to those reported by previous 
researchers.17 

Table 2 : Optimization of OLR 

S/N Digester OLR 
(g VS/l.d) 

Total biogas 
yield (mL) 

Average  
biogas yield (L/g 

VS added.d) 

% 
methane 

1 A 0.160 3786 0.296 55.91 
2 B 0.183 4558 0.356 55.95 
3 C 0.213 5189 0.405 56.16 
4 D 0.256 6893 0.539 58.22 
5 E 0.320 8596 0.672 59.0 
6 F 0.426 6526 0.510 54.72 
7 G 0.639 5509 0.430 52.16 

Table 3 : Optimization of pH 

S/
N Digester pH 

 
Total biogas 
yield (mL) 

Average  
biogas yield (L/g 

VS added.d) 

% 
methane 

1 A 5.5 5526 0.432 42.38 
2 B 6.0 7533 0.589 49.72 
3 C 6.5 8434 0.659 51.25 
4 D 7.0 9237 0.722 55.65 
5 E 7.5 8127 0.635 54.76 
6 F 8.0 7723 0.603 49.92 
7 G 8.5 4995 0.390 45.81 

Effect of temperature 
Table 4 indicates that the ambient temper-
atures during biomethanation studies on 
vegetable   waste   ranged from 30–400C due to  

seasonal variations. The maximum ambient 
temperatures in the study were in the range of 
30-320C, 32-340C, 34-360C, 36-380C and 38-
400C. 

Table 4 : Effect of temperature on biomethanation of vegetable waste 

S/N 
Maximum 

temperature 
(0C) 

No. of days 
available for 

particular 
temperature 

Average  
amount of biogas 

produced 
(mL/day) 

Average  
amount of 

biogas produced 
(mL/day) 

1 30-32 03 185 0.578 

2 32-34 05 203.6 0.636 

3 34-36 06 245.5 0.767 

4 36-38 10 300 0.938 

5 38-40 06 307.5 0.961 



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                     J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol.11 No. 01, July-September 2016 

121 
 

It was found that minimum of average 185 
mL/day biogas was produced in the temperature 
range of 30–320C, while significant increase in 
amount  of  biogas  was observed when there was 
gradual increase in the ambient temperatures 
from 30 to 400C. The average volumes of 
biogas obtained at temperatures 36-380C and 
38-400C were 300 and 307.5 mL/day, 
respectively indicating that there was 
comparatively less proportionate increase in the 
amount of biogas, when the ambient 

temperature was increased from 36-380C to 38-
400C as compared to previous increments in 
biogas volumes obtained at ambient 
temperatures. Thus, temperature range 36-380C 
appears to be optimum for vegetable waste 
biomethanation.  
Biomethanation of vegetable waste at 1L 
level using optimized parameters 
The parameters optimized for vegetable waste 
biomethanation at 1L level are represented in 
Table 5. 

Table 5 : Optimized parameters for vegetable waste biomethanation at 1L level 

S/N Optimized parameter Value 
1 HRT 20 days 
2 OLR 0.320g VS/l.d 
3 pH of influent 7.0 
4 Temperature Ambient 30-400C (optimal 36-380C) 

Biomethanation of vegetable waste was carried 
out at 1L level using optimized biomethana-
tion process parameters at ambient temperature 
conditions (30-400C). Total biogas yield in 40 
days experiment was found to be 10793mL. 
The average daily biogas yield was 0.843 L/g 
VS added with 59 % methane. The reductions 
in TS, VS, BOD and COD values during 
biomethanation was found to be 69.12%, 
75.20%, 94.69% and 91.90% respectively. The 
results of biogas yield, solids and COD 
removal efficiency of the biomethanation 
process based on the present vegetable waste 
mixture using optimized conditions are higher 
as compared to those reported by previous 
researchers.27 The biogas yield reported by 
previous researchers from mixture of vegetable 
waste ranged 0. 400-0.600 L/g VS.  The 
reduction in TS, VS and COD values reported 
by previous researchers ranged 45.2%- 
60.77%, 63.6%- 68.6% and 65%- 83% 
respectively. 

CONCLUSION 
Vegetable wastes, due to their high moisture 
and carbohydrate content are a good substrate 
for production of biogas through anaerobic 
digestion process.  
It was evident from Table 2 to Table 5 that 
maximum amount of biogas and methane     
was  generated at HRT 20 days, 0.320 g VS/l.d  

OLR,  pH    of     substrate   7.0   and   36-38oC 
temperature range which seemed to be optimal 
conditions for generation of biogas from 
vegetable waste slurry. Further, average daily 
biogas yield at 1L level using optimized 
parameters was found be 0.843 L/g VS with 59 
% methane and also showed good reduction 
potential of organic matter as compared to 
previous studies. 
Thus, the digester should be preferably run at 
these optimized conditions to obtain maximum 
energy yields from vegetable waste and to 
control environmental pollution. 
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