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ABSTRACT 

Due to rapid growth of population and massive urbanization, India faces troublesome problems related to organic solid waste 

management. This study aims at minimization of solid waste and production of energy from vegetable waste leachate. Household 

vegetable and fruit waste is collected in 1500 m3 compost tank having perforated mesh at the bottom for the provision of leachate 

collection. Leachate is raw material for anaerobic digestion process which will produce biogas. This study has been carried out in 

laboratory scale batch reactor of 1000 ml capacity. Digestion process is done in mesophilic temperature (35-380 C) range which is 

maintained throughout the digestion; pH range is in between 6.8-7.2, COD, BOD, VS, TS and TSS are monitored. Stirring is done for 6-8 

hours in a day manually. Hydraulic retention time of is considered to be 30-45 days. Before anaerobic digestion started vegetable waste 

leachate has been mixed with cow dung in the proportion of 1% weight by volume to enhance the methane yield. Methane generation is 

found to be 45.38% which is noted as higher content on 29th day of digestion. % Reduction in COD, BOD, TSS and TS are 76.32%, 85.98%, 

42.97% and 12.65% respectively. Vegetable waste is big source of leachate which is responsible for soil pollution. % Reduction in COD, 

BOD, TS, TSS and VS will help to enhance the quality of leachate as a fertilizer. Also, addition of cow dung with leachate helps the 

increase in methane generation rate and to reduce retention time. 
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1. INTRODUCTION 

From very long time ago, energy has been created and consumed by human beings. Energy can be renewable or non-renewable. Biogas 

is one of the renewable energy sources. Biogas production is traditional process, but now-a-days non renewable energy consumption 

leads to energy crises, pollution, global warming, climate change, etc environmental issues. Hence, biogas is very good alternative 

renewable energy and clean energy source. Waste management and pollution due to consumption of energy are majorly faced 

problems by society. To control these problems, research has been originated.  In most of the major cities and rural areas, rapid growth 

of population causes many adverse effects on environment. As population increases, relatively the volume of solid waste increases. The 

composting process helps to reduce volume of solid waste, it comes under the solid waste management, and it will produce leachate. 

Since the leaching of organic compounds, especially compounds containing carbon, high concentrations of ammonia nitrogen (NH4, -N) 

and refractory organ, which adversely affect the biological treatment plants 1.  
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Biogas is a mixture of colourless, flammable gases obtained by the anaerobic digestion of organic waste materials. The composition of 

biogas is typically methane (50 – 70%), carbon-dioxide (30 – 40%) and the rest is made up of traces of elements of hydrogen, nitrogen 

and hydrogen sulphide. The chemistry of the digestion process leading to biogas involving hydro lysis, acidogenesis acetogenesis and 

methanogenesis has been well documented. Any organic matter with the exception of mineral oil can be used as feedstock for 

anaerobic digestion to produce biogas. Generally, the main available substrates for anaerobic digestion include polysaccharides, 

proteins and lipids that are abundant in manure, plants, industrial wastewater and municipal waste. Agricultural livestock and agro-

industrial wastes abound in the rural areas and contribute to the present problems of environmental pollution. These wastes could be 

efficiently managed if used to produce biogas thereby reducing the problems of environmental pollution. 

 In the present study, we investigated production of biogas using leachate of vegetable green waste as feedstock. As leachate consists 

of many organic materials containing carbon, hydrogen, nitrogen, and sulphur; after anaerobic digestion it produces methane and 

carbon dioxide. Hence this process plays an important role in production of Bioenergy. Digested raw material will act as a fertilizer. And 

biogas generated after anaerobic digestion, is used for cooking, heating and for electricity generation. 

In rural areas, ample of agricultural waste like rice husk, straws, night soil is generated. Also, cow dung is major constituents for 

methanogenesis, which is easily available in rural areas 3. Now-a-days pollution and energy crises are global issues. Hence, this study 

has been played very important role in society. It has potential contribution in the field of social relevance, national importance. 

 

2. MATERIALS AND METHOD 

2.1 Leachate Collection 

The raw material vegetable waste leachate was collected in leachate collection tank as shown in figure 1. Compost plant receives 

vegetable waste from residential colony. As vegetables and fruit waste have high moisture content as it decomposes; therefore this 

study was carried out with vegetable waste leachate as raw material. Leachate collected in tank. This leachate generation rate was 

varied according to the parameters; moisture content of waste, weather, maturity of compost and age of landfill4. Fresh leachate was 

used for digestion process. Temperature and pH values of leachate were recorded. 

 

2.2 Laboratory installation for anaerobic digestion process 

Before implementing on pilot scale, experiment was implemented on laboratory scale. Generation of biogas from vegetable waste 

leachate on laboratory scale was shown in figure 2. 1000 ml conical flask was fitted with rubber cork which maintains the anaerobic 

condition. Thermometer was provided for monitoring daily temperature. A magnetic stirrer was introduced for vigorous mixing. Gas 

was collected in sampling bag. Investigations of all initial parameters were done before digestion and after digestion. Before the 

anaerobic digestion started, 1% weight by volume cow dung was added to fresh vegetable waste leachate [6] to enhance the rate of 

methane generation. Qualitative and quantitative analysis of biogas is done on Gas Chromatography. 

 

2.3 Analytical methods 

Chemical oxygen demand (COD), biological Oxygen demand (BOD), total solids (TS), total suspended solids (TSS), volatile solids (VS), pH 

and temperature these all parameters were monitored during anaerobic digestion process.  

COD was indirect measure of amount of organic compounds in water. It was determined by titrimetric method using COD digester 2015 

M (Spectra lab). Sample and blank were refluxes for 2 hrs, and then titration was done with standardized 0.1 N FAS solution using 

ferroin indicator. After calculations this method gives COD values in mg/lit. It denotes mass of oxygen consumed per litre of solution. In 

case of BOD, micro-organism required oxygen for degradation of organic matter biologically is called BOD. If value of BOD and COD 
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ratio is greater than 0.8, then wastewater is highly polluted. Eco tester pH1 was used to determine pH of sample. To maintain pH value 

in between 6.8-7.2 alkali or acid was added. Also to determine total solids, volatile solids oven and muffle furnace were used. 

 

3. RESULTS AND DISCUSSION 

3.1 Vegetable waste Leachate characteristics 

The characteristics of the landfill leachate can usually be represented by the basic parameters COD, BOD, the ratio BOD/COD, pH, 

suspended solids (SS), ammonium nitrogen (NH3-N), total Kjeldahl nitrogen (TKN) and heavy metals. The leachate composition from 

different sanitary landfills, as reported in the literature 5, shows a wide variation.  

 

3.2 Effect of digestion on the properties of vegetable waste leachate 

Analysis of feedstock (vegetable waste leachate) was carried out initially. After digestion, these analytical parameters were again 

analysed. After this analysis, the results show reduction in parameters like; COD, BOD, TS, TSS, TDS, VS etc. Table 1 shows initial and 

final values of leachate with % reduction in parameters. The analytical data of feedstock on initial and the final stage of digestion, gives 

reduction in values of parameters. This reduction in parameters is calculated in the % reduction form. And these reported values are 

represented in graphical form as given in fig. 3.  

From above graphical representation, dark blue area is showing initial COD of the leachate which is reduced by 76.32% (shown in light 

blue colour), hence this can be indicated that the Digestate leachate requires less amount of oxygen to oxidize organic matter 

chemically. This COD reduction gives reduction in pollutants present in leachate which will create soil pollution 6. 

As BOD of the initial leachate is reduced up to 1042 mg/lit which gives about 85.98% reduction at the end of the digestion. This is also 

indicated that the amount of oxygen require to oxidize the organic pollutants biologically; become reduced. Hence, less value of BOD of 

digestate feedstock is environmental friendly. Solid contents of feedstock get reduced after anaerobic digestion. Amount of total solids, 

total suspended solids, volatile solids and dissolved solids are decreased as the digestion of feedstock started. 

 

3.3 Biogas yield 

The main purpose of this study is to obtained biogas yield from vegetable waste leachate. Different studies have done on municipal 

solid waste (MSW) leachate, food waste leachate, refractory leachate 7 and landfill leachate with sewage sludge 8, cattle manure, 

septage 9, etc. In this experiment, temperature of the system was maintained at mesophilic range (35-380C) with the help of water 

bath. Daily temperature had been monitored throughout the experiment. In the gas collection bag, gas generation was started on the 

17th day of digestion. On the 22nd day sufficient amount of gas was generated for analysis purpose. Table 2 gives tabular data on the 

quantity of methane and carbon dioxide according to days of digestion. 

Graphical representation of methane generation rate is given in figure 4. From which methane generation rate gradually increases 

initially, reached at its higher value and after completion of digestion methane content of gas falls down. As anaerobic digestion 

process is slow process, on first three stages hydrolysis, acidogenesis and acetogenesis methane is not generated. Methane is 

generated at methanogenesis stage; hence it would take starting days of digestion with respect to microbial growth. The HRT of the 

anaerobic digestion of this experimental study can be considered 40-60 days.  
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Table 1 : Analytical Data showing % reduction in Feedstock after digestion 
 

Sr. No. Parameters 
Initial Values 
(on 0th day) 

Final values 
(on 70th day) 

% Reduction 

1. pH 7.6 7.2 - 

2. EC (mS/cm) 9.9 9.68 - 

3. COD (mg/L) 15200 3600 76.32% 

4. BOD (mg/L) 7435 1042 85.98% 

5. TS (mg/L) 19222 16790 12.65% 

6. TSS (mg/L) 15733 8972 42.97% 

7. VS (mg/L) 9020 5750 36.25% 

8. TDS (mg/L) 3488 8818 - 

 
 

Table 2 : Biogas generation from the day of experimental 
 

Sr. No. Day of digestion % of methane % of Carbon dioxide 

1. 1st - - 

2. 17th 31.04 11.12 

3. 22th 38.96 13.29 

4. 29th 45.38 26.13 

5. 38th 30.784 12.88 

6. 70th 15.14 10.022 
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4. CONCLUSION 

While composting technology has successfully facilitated organic waste management and can produce very high quality end-product. 

But it produces compost leachate which is associated with potential environmental hazards. Anaerobic digestion of leachate is an 

environment friendly experiment which is a very good source of Bio-energy. 

Digestion of the vegetable waste leachate will help to reduce pollution index of the leachate, from above study % reduction in analytical 

parameters will improve the properties of leachate as nitrogen fertilizer. Hence, product biogas will act as energy source and by-

product raw material will act as a good fertilizer.  

 

5. ACKNOWLEDGEMENT 

The authors are grateful to the CSIR-National Environment and Engineering Research Institute for giving opportunity to do research 

work in pilot plant premise at Nagpur, India. 

 

REFERENCES  

1.Nerves LCMd, Attilio C et al, J Chem Eng Technol, 2009, 32:1147–1153. 

2.Ilor MOi, Adebusoy SA et al, J Advances in Environmental Biology, 2007, 1(1): 33-38. 

3.Hefa C, Yuanan H, J Bioresource Technol, 2010, 101:3816–3824. 

4.Tyrrel SF, Seymour I et al, J Bioresource Technol , 2008, 99:7657-7664. 

5.Kawai M, Kishi M et al,  Int J  Biodeterior & Biodegradation, 2012, 72:46-51. 

6.Renoua S, Givaudan JG et al, J Hazard Mater, 2008, 150:468–493. 

7.Ghani WAWK, Azni I, J eng Sci and technol, 2009, 4:374-380. 

8.Montusiewicz A, Lebiocka M, J Bioresource Technol, 2011, 102:2563–2571. 

9.Lin CY, Bian FY et al, J  Bioresource Technol, 1999, 68:275-282. 
 
 

 


