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Abstract 
Anaerobic digestion is the process that generates the biogas. This process can be used successfully to 

treat municipal organic solid wastes and kitchen waste to produce valuable end products, such as 

methane gas and fertilizer.  

This research aimed at finding out how a large scale market place in Ratmalana, a city close to capital, 

Sri Lanka can successfully utilize its organic waste as opposed to land filling or dumping. The study 

specifically aimed at determination of composition and characterization of waste produced over a 

season followed by possibility of biogas generation using anaerobic digestion process for the use in a 

nearby University restaurant. 

 The study revealed  that the composition of the market waste as follows; vegetable wastes  45%, fruit 

wastes    35% , packing materials 15% and restaurant waste/food waste 3%, The materials in the form 

of stones, plastics, wood etc. was less than 1.3 % of the waste quantity. Total average waste 

production per day was around 1 ton. The average pH value, percentage of water present, percentage 

of solids and percentage of volatiles present in fruits and vegetable were   6.38, 92%, 8.08% and 6.18% 

respectively.   

BiomethanePotential (BMP) in respect to fruit and vegetable waste and Food waste were found to be 

0.3 and 0.56 m3 CH4/kg respectively.    The biodegradability of fruit and vegetable waste and food 

waste were calculated as be 59.3%, 83.6%, respectively. 

According to characteristics and Biomethanepotential of the feedstock the biogas production rate was 

estimated as 21.75m3/day. A pilot scale digester was designed with a volume of 52.57 m3 which would 

generate 8.72 m3 of biogas per day, considering practical limitations.   It was estimated that at least 

three Continuous flow biogas digesters of the same volume of are needed to treat all the waste 

produced. According to the study the quantity of waste produced at the market place can be 

successfully used to generate one fourth of the energy requirement of the university restaurant.  
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1 INTRODUCTION 
 

On a worldwide scale urbanization and rapid population growth have led to an enormous 

increase of solid waste generation per unit area. Particularly urban- and semi - urban areas of  

low- and middle income countries are  confronted with great challenges  concerning 

appropriate Solid Waste Management (SWM) in order to minimize human health and avoid 

environmental  degradation. However, most municipalities struggle to provide sufficient and 

adequate SWM services. Considering the fact a largest fraction of waste in developing 

countries are of organic nature and therefore amendable to anaerobic digestion. 

Disposing waste on open dumping ground may create environmental pollution problems such 

as soil contamination, ground water contamination, health problems etc. When solid wastes 

are incinerated they reduce the waste to ash and release potentially hazardous gases into the 

air causing public health risks. When these wastes dumped into landfills, it contributes to the 

emission of methane to atmosphere. According to Velmurugan.et.al, (2010).Methane gas has 

a Global Warming Potential (GWP) that is over 20 times of CO2. 

Treat organic waste using anaerobic digestion has become common phenomenon in the last 

decades. This is primarily due three main factors: i) disposal of   organic solid waste in more 

environment friendly practice as opposed to land filling.  ii) to obtain a renewable fuel  iii) low 

cost involved in commencing and operating. 

Apart from this, the energy crisis is another problem faced by the world. The 21st century 

faces the problem of increasing energy consumption and reducing supplies of fossil fuels. This 

has researches to develop new technological processes of energy production using 

renewable resources. 

One of the best possible options is biological conversion of solid wastes that contain higher 

percentage of organic matter and moisture content (i.e. about 45-50%) to produce biogas. 

Inadequate disposal of urban solid waste is considered to be of the most serious 

environmental problem in urban areas of developing countries. The present SWM systems in 

many of the urban areas in Sri Lanka are predominantly collection, transport and dumping of 

waste with limited recycling. In most cities the physical composition of solid waste consists 

mostly of organic. Inadequate management and uncontrollable dumping of garbage bears 

several adverse consequences: It not only leads to destruction of environment beauty   but 

also to a high risk of polluting surface and ground water through leachate and furthermore 

promotes the breeding of flies, mosquitoes, rats and other disease vectors. In addition it emits 

unpleasant odors and methane, a major greenhouse gas contributing to global warming 

Yhdego, (1995) 
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Besides composting and direct animal feeding, anaerobic digestion (AD) is a promising 

method to treat the particular fraction of organic solid waste. While AD for treating of animal 

dung is fairly common in rural areas of developing countries, information on technical and 

operational feasibilities concerning the treatment of organic solid waste is limited. Regarding 

the enormous waste problems in the urban areas of these countries, the question arises 

whether AD could be an appropriate and sustainable method to treat organic household waste 

as well as wastes from markets and restaurants. 

Economic Centre in Ratmalana, Colombo- Sri Lanka was launched by the Trade, Marketing 

and Consumer Services Ministry of Sri Lanka as a large scale government owned food market 

place. Objective of this establishment is to benefit the consumer public to obtain essential 

commodities at a reasonable price and to foster competition in the market place. 

The complex is situated at the heart of highly industrialized, urbanized and highly popularized 

area. There are about 130 large scale stalls established in the economic centre which sell 

vegetable, fish, meat, dry provisions and other consumer goods. 

It was observed that a large quantity of organic waste is produced daily and centre has no 

proper procedure to dispose waste in hygienic way. The disposal of waste produced, mainly 

organic waste (fruit and vegetable, restaurant waste, fish & meat waste) in the centre is a 

serious concern, due to non-availability of proper waste disposal procedure. The organic 

waste is often discarded and its rising heap attracts flies and rodents, thus creating a public 

health hazard.  This waste is usually collected in mass and carried away by municipal council 

tractors to a dumping yard in nearby place where they simply dumped and exposed to the 

environment. 

The University of Vocational Technology is a new Technical university which is established 

recently in Ratmalana area which seeks measures to cut down its energy needs and keen on 

applying green concepts. The possible use of biogas for cooking purposes in University 

canteen is a proposal underway to minimize its energy needs. At the moment, University does 

not produce much waste to feed a Biogas plant but if the Economic Centre waste can 

supplement, the possibility of running a successful biogas unit exist. 

Due to the high decomposition potential and production of methane as a final product 

anaerobic digestion (AD) can be recognized as one of the best options for treating this waste 

stream since it results in two valuable final products, biogas and compost that may be utilized  

as energy source and as soil fertilizer respectively.  

 



 

11 
 

1.1 Background and Study Location 
 

Sri Lanka: 

General facts and figures:      

Land area:  65,610 km2  

Total population: 20.33 Mil ( 2012) 

Population growth: 0.913% ( 2012) 

Capital: Sri Jayewardenepura Kotte                

GDP:  Total $127 billion (2012) 

Per capita: $6,135( 2012) 

Average urban household size: 4.4 (2012) 
 

Figure 1 givesGeneral facts and figuresof Sri 
Lanka (http://en.wikipedia.org/wiki/Sri_Lanka) 

 

 

Figure 01:General facts and figures of Sri Lanka   

Ratmalana –EconomicCentre (EC): 

Economic Centre in Ratmalana, Colombo- Sri Lanka is large scale market place that comes 

under the Ministry of Trade, Marketing and Consumer Services of Sri Lanka. The 

establishment is owned by government and it is publicly owned market, as a large scale 

government owned food market place. Objective of this establishment is to benefit the 

consumer public to obtain essential commodities at a reasonable price and to foster 

competition in the market place.  

Economic centreRatmalana is situated in in S.Weerasena Silva Mawatha within a distance of 

1Km from the Kaldemulla Junction at Rathmalana Divisional Secretariat.  The establishment 

commenced function in year 2009 and is a fully fledged market complex with shop space for 

300 stalls, a parking yard for 300 vehicles, restaurants and other services.  The main objective 

of the establishment is to provide quality food supply for local consumers at 

competitively reasonable price and to introduce the market opportunities for local producers 

and importers. The opening hours are from 4pm to 11.30 pm. 

 

http://en.wikipedia.org/wiki/Sri_Lanka
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Figure 02: Economic Centre, Ratmalana     Figure 03: Waste collection bins at EC 

 

 

 

 

 

 

 

 

 

Figure 04: A tractor which collects waste      Figure 05: Waste Dumping Yard 
 

University of Vocational Technology: 

University of Vocational Technology was established under the Parliamentary Act No 31 of 

2008 with the vision to be the leading University of Vocational and Technical Education sector 

in Sri Lanka. One of the major accomplishments of the Technical and Vocational Education & 

Training (TVET) sector of Sri Lanka in the recent past is the establishment of the National 

Vocational Qualification or else known as the NVQ frame work. NVQ framework  assess the 

student’s progress according to chronological and hierarchical order from NVQ level 1-7 and 

develops their skills in such a way to upgrade their required competencies to meet the scarcity 

of skilled labour in the country today. UNIVOTEC caters to the level 07 in the NVQ framework 

which is the degree level. 
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Currently the university has a student population of 1500 spreading over in 09 degree 

programmes. Being a technical University, UNIVOTEC is keen on applying green concepts 

and minimizing energy usage by applying energy management techniques. One of the key 

energy consuming activities at the university is the use of LP gas and electricity for cooking 

purposes at the cafeteria.  

Figure 06: University of Vocational Technology 
 

The amount of organic waste produced at the university itself is currently not sufficient to 

operate a biogas plant at an economical scale but the operation can be viable if the waste can 

be supplemented from the waste produced at the Economic Centre. 
 

1.2 Problem statement: 
 

This project aims at examining the possibilities of diverting food and organic waste produced 

at EC from dumping/land filling to anaerobic digestion.  In order to identify the feasibility of 

anaerobic digestion it is important to characterize and quantify the waste produced, determine 

chemical parameters of feedstock and to estimate methane yield of substrates in order to 

estimate biogas production. Further, by analysing the amounts and categories food waste is 

produced, it will help to understand how best to implement food waste diversion plans. 
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1.3 Objectives: 
The objective of this study was to determine the biogas potential of the waste generated in the 

Economic Centre and examine the possibility of utilizing these wastes for the generation of 

biogas for energy needed for cooking purpose in the Univotec University. 

 

Detailed sub objectives of this study are; 

1. To characterize (quantity and composition) of waste produced at Economic Centre, 

Ratmalana. 

2. To analyze chemical parameters of fruit, vegetable and food waste to determine the 

possibility of anaerobic digestion (Biogas generation) as an option for food waste 

diversion. 

3. To analyze methane yield of feedstock material (food, fruit & vegetable waste)using 

Biomethane potential test in the laboratory. 

4. Propose an initial design for a suitable pilot scale anaerobic digester by considering 

energy requirement and methane yield.  
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2 LITERATURE REVIEW 
 

2.1 What is solid waste? 

 
Definition 
 
Garbage, refuse, sludge, and other discarded solid materials resulting from industrial and 

commercial operations and from community activities. It does not include solids or dissolved 

material in domestic sewage or other significant pollutants in water resources, such as silt, 

dissolved or suspended solids in industrial wastewater effluents, dissolved materials in 

irrigation return flows or other common water pollutants.” (US Codeof federation regulation:40 

CFR 240.101) 

 

Classification of waste is important in order to apply effective management approaches. 

Waste can simply be classified according to the generator type or the source of production. 

Municipal waste, industrial waste, medical waste, agricultural waste and radioactive waste are 

some major categories of solid waste.  

2.2 Municipal Solid Waste (MSW) 
Municipal Solid Waste (MSW) is commonly referred to as to as domestic waste or household 

waste.MSW is generated from a community and can be from several sources such as 

residential, municipal or commercial sources. The Table 01 depicts the major sources of 

MSW. 

In common terms MSW can be categorized as garbage and rubbish. Organic waste (plant and 

animal material) is considered as garbage whereas rubbish is consisted of MSW excluding 

food waste. Since garbage is consisted of plant and animal waste, the material is said to be 

putrescible, which means it can decompose quickly by microbial activities which eventually 

produce odours and harmful gasses. 
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Table 01: Main Sources of Municipal Solid Waste(Annual review report, intermediate technology 
group, 2009) 
 Source Type of waste 
01 Residential  

 

Food scarps, Food packaging cans, bottles, 

newspapers, clothing, yard waste and old 

appliances. 
02 Commercial  

(buildings, retail companies, 

restaurants)  

Office papers, corrugated waste, food waste, 

disposable table ware, wood pallets, yard waste. 

03 Institutional  

(school, hospitals, prison)  

Office-waste,corrugated waste, cafeteria waste, 

restroom waste, class room and yard waste. 
04 Industrial  

 

Office papers corrugated waste, cafeteria waste, 

wood pallets.  

05 Municipal  Litter, street sweeping, some construction and 

demolition waste  

 

2.3 Municipal solid waste management practices in Sri Lanka 
Municipal Solid Waste has become a major environmental issue and a national concern at 

present in Sri Lanka. Although it was identified as one of the major reasons of environmental 

degradation, still many parts of country practice open dumping as the way of MSW disposal. 

 

The current urban municipal solid waste generation in Sri Lanka according to a World Bank is 

0.8 kg/capita/day .It was estimated that by the year 20125, that this amount will increase up to 

1kg/capita/day World Bank (1999). 

 

The problem of MSW is most severe in Colombo municipal area and in the suburbs of the 

Colombo due to high urbanization and population density. Other than for municipality of 

Colombo, the MSW disposal is service operated by the government establishments. The 

process is labour intensive where, cost is allocated for waste collection, and transporting to 

dumping yard, rather than for waste disposal and treatment.  
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2.4 Municipal Solid waste generation and its composition  in 
Sri Lankan context 

 
According to AIT (2004) average per capita waste generation is 0.85 in area of Colombo 

Municipal Council the per capita per day waste generation on the average was 0.85 kg in 

Colombo Municipal Council (CMC), 0.75 kg in other Municipal Councils (MC), 0.60 in Urban 

Councils and 0.4 in Pradesiya Shabhas. 

 

The primary sources of MSW in the country are households, markets and commercial 

establishments while industries and hospitals constitute the secondary sources AIT:  

[ AIT, (2004]. MSW of Sri Lanka typically consists of a very high percentage of perishable 

organic material which is about 65 – 66% by weight and moderate amounts of paper and 

plastics with small amounts of metal and glass. 

The moisture content value in the MSW is also very high and it is in the range of 70% to 80% 

wet basis. The average calorific value is low as of around 2.5 – 4 MJ/ kg.  

A few studies had been done in the country to find the composition of the MSW stream in Sri 

Lanka. Table 2 gives the composition of MSW in some selected cities in Sri Lanka. Here, the 

organic waste is categorized as long term biodegradable (taking 2-3 months for degradation) 

and short term biodegradable (degrades within 2 months). 

 
Table 02: MSW composition in some selected cities of Sri Lanka [Annual review report, 
intermediate technology group,2009] 
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2.5 Impact of current MSW disposal 
 
The main cost involved in solid waste management in Sri Lanka during the past is primarily for 

the collection and transport of waste as no cost involved in treating waste due to fact the open 

dumping of waste is the only method of waste disposal. The land scarcity in urban areas has 

now become a severe issue along with environmental degradation in many urban areas. The 

land that authorities  used as dumping yards are situated in low lying degraded land which is 

used as flood retention land. 

Majority of dumping yards practice open dumping of waste without any segregation and some 

yard apply thin layer of soil on top of the waste to minimize bad odour and environment 

pollution. Although the country is aware of the facts and is being considering the need of 

proper waste management but still do not have a state of the art fully controlled sanitary 

landfill yet in operation.  

Some of the successful land fill operations taking place in few areas of the country namely 

engineered landfill at Moon plains, Nuwaraeliya and Mawanella in central part of the country. 

These sites are situated community isolated areas and practice daily compaction and covering 

of solid waste, leachate collection and treatment and gas venting.  

Unacceptable disposal of solid waste is one of the biggest environmental issues faced by the 

country at present.  Some of the waste dumping yards around Colombo suburbs are situated 

in low lying wetlands which are also considered as ecologically valuable marshy lands with 

protected flora and fauna. Attidiya and Muthurajawelatwo of such habitats which were 

threatened due to such waste disposal practices. 

 

The flood retention capacity in many suburban areas of Colombo has been drastically reduced 

due to use of wetlands and low lying areas for waste disposal. These temporary floods lead to 

many other problems such as diarrhea, spread of vector borne diseases such as dengue and 

damage to properties, drainage lines and roads etc. Loss of property values in areas close to 

disposal sites is another critical social issue which instigates opposition against even proper 

sanitary landfills. 

 

There can be other consequences of open dumping of waste regardless of visible impacts. 

Emissions of land fill gasses and leachate incorporated in to soil has severe threat to the 

environment both chemically and biologically. 

According to literature it is found that greenhouse gas contribution from methane released 

from MSW dumping areas are at a significant level [RamyaKumari& Bandara,2004]. 
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Other than for greenhouse gasses, other gasses such as Hydrogen sulfide and volatile 

compounds also emitted in the process of waste material degradation which cause odor 

problem and human health related issues. 

 

When MSW degradation occurs it produces the leachate which released into the sub surface 

ground which can contain heavy metals and can pollute ground water reserves[Brown & 

Donnelly, 1998]. 

 
Haphazard disposal of solid waste is reported as one of the major causes for water quality 

degradation in water resources of Sri Lanka [Bandara, 2003]. The problem is considered to be 

crucial in the Western Province of Sri Lanka and due to this supply of potable water from wells 

in Greater Colombo area is restricted.  

 

A study which investigated the quality of water of 45 wells located within 1 km to landfills in the 

Colombo Metropolitan Area showed that heavy metal concentration found in water from wells 

located close proximity to landfills  are exceeding the permit able amounts that is set by 

Central Environment Authority (CEA). 

 

The values obtained for Pb, Cu and Cr concentrations are 0.1mg/l, 0.02mg/l and 0.09mg/l 

respectively. The highest values obtained for BOD and COD are 9.6 mg/l and 100mg/l 

respectively which indicate higher contamination of well water due to leachate [Samanaraja& 

Bandara, 2005]. 

 

Open burning of waste which is another common practice at present causes further 

environmental impacts by emitting environmentally harmful gasses and soot to the 

environment. As development work in urban areas continue to increase the land available to 

be used as dumping yards are becoming restricted. Hence it is very necessary to adhere to 

appropriate waste management strategy to avoid such consequences. 

 
 
 
 
 
 
 
 
 
 
 



 

20 
 

2.6 Introduction to Anaerobic Digestion 
 

Anaerobic digestion is the process of breakdown of bio degradable materials by 

microorganisms in the absence of oxygen.  The main gas produced in anaerobic digestion 

process is Methane.  Anaerobic digestion is used in industry and as well as domestically to 

treat waste and produce energy. Further in some cases it is used to treat waste water as well. 

Anaerobic digestion is used as part of integrated waste management system as it reduces the 

emission of landfill gas. The methane produced in the anaerobic digestion is considered as 

renewable energy source as the resultant gasses which are mostly methane and CO2 are 

ideal energy generators which help to replace fossil fuel. The digest-ate can be used as a 

nutrient rich fertilizer. 

. 

There are four main process stages of anaerobic digestion: 

 

1. hydrolysis  

2. Acidogenesis 

3. Acetogenesis 

4. Methenogenesis 

 

 
Figure 07: Biological and chemical process stages of anaerobic digestion[Ostrem, 2004] 

1. Hydrolysis 

According to Ostrem[Ostrem, 2004],during hydrolysis stage, anaerobic bacteria convert 

organic matter into a much simpler liquefied monomers and polymers. i.e .Carbohydrates 

transform in to mono saccharides, protein transform into amino acids and fats transfer into 

fatty acids. Equation 1 shows the reaction happens in the where  organic waste broken down 

into  glucose. 

 
C6H10O4 + 2H2O → C6H12O6 + 2H2………….eq. 1 
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2. Acidogenesis 

During the Acidogenesis stage acidogenic bacteria become active.These bacteria transform 

the endproducts of first reaction into short chain volatile acids, ketones, alcohols, hydrogen 

and carbon dioxide.  The main products of this stage are propionic acid (CH3CH2COOH), 

butyric acid (CH3CH2CH2COOH), acetic acid (CH3COOH), formic acid (HCOOH), lactic acid 

(C3H6O3), ethanol (C2H5OH) and methanol (CH3OH). 

 

According to Ostrem[Ostrem, 2004], and [Biliewski etal 1997], the typical acidogenesis 

reactions are as follows: 

C6H12O6 ↔ 2CH3CH2OH + 2CO2 …….eq 2  

C6H12O6 + 2H2 ↔ 2CH3CH2COOH + 2H2O ……..eq 3 

C6H12O6 → 3CH3COOH……… eq 4  

3. Acetogenesis: 

In this stage, the propionic acid, butyric acid and alcohols which are the end products of 
acidogenesis stage transform in to hydrogen, carbon dioxide, and acetic acid byacetogenic 
bacteria. 

In this process the concentration of hydrogen is an important factor as this reaction will only 
occur if hydrogen partial pressure is low enough to convert acids. This process is carried out 
by hydrogen scavenging bacteria. Therefore hydrogen concentration can be taken as a good 
measure in determining the health of the digester [ Alvarez, 2003]. 

The following equations represent the acetogenesis process:  

CH3CH2COO- + 3H2O ↔ CH3COO- + H+ + HCO3- + 3H2 ……eq 5  

C6H12O6 + 2H2O ↔ 2CH3COOH + 2CO2 + 4H2 …….. ……….eq 6 

CH3CH2OH + 2H2O ↔ CH3COO- + 2H2 +H+ ………………………...eq 7 

 

4. Methanogenesis 

The methanogenesis is the final stage of anaerobic digestion. In this stage, the hydrogen and 
acetic acid formed by acid performers will be converted into methane and carbon dioxide. The 
responsible bacteria for this conversion is called methonogens [Verma, 2002]. 

 
CO2+4H2 CH4+2H2O………………..eq (8) 
2C2H3OH+CO2 CH4+2CH3COOH…………eq (9) 
CH3COOH CH4+CO2…………………..eq (10) 
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2.6.1 Conditions and variables influencing Anaerobic Digestion 
To obtain proper breakdown of the organic compounds, several conditions must be fulfilled. 

This is necessary to enhance the microbial activity and promote anaerobic digestion efficiency 

of the substrate.  

Factors influencing microbiological methanation process [SLS standard, 2007]: 

1. Nutrients available in the substrate 

2. Substrate temperature  

3. Retention time  

4. pH level 

5. Nitrogen inhibition  

6. C/N ratio 

7. Substrate solid content and agitation 

8. inhibitory factors 

 

All above factors simultaneously affect the methonogenesis process and therefore precise 

quantification of biogas production with respect to each of the factor is hard to determine. 

However the qualitative effect of such factors can be determine on the process of 

fermentation. 

• Temperature of the Substrate  

The optimum temperature of anaerobic digestion depends on the digester type and substrate 
type (feedstock).Anaerobic digestion occurs under two main temperature ranges. 

1.  Mesophilic conditions ( 20˚C- 45 ˚C)  
2. Thermophilic conditions (  50˚C- 65 ˚C) 

 
• Available nutrient 

To grow methanogeneis bacteria need nutrients. Bacteria need major nutrients such as 

carbon, oxygen and adequate supply of sulfur, nitrogen phosphorus and calcium and 

additionally the trace elements such as iron, manganese, zinc, molybdenum etc. for 

necessary for microbial growth. Higher concentration of such trace metals has inhibitory effect 

on the growth of microorganisms [SLS technical guide for Biogas Digesters, 2007]. 

 
• Substrate retention time in the digester 

In batch type facilities, the retention time can be accurately measured. For continuous 
systems the retention time is calculated by dividing digester volume by daily influence rate. 
The effective retention time may vary depending on the substrate type, means of mixing etc. 

 

 



 

23 
 

Examples of retention time for some substrates:  

 

Cow manure (Liquid): 20-30 days of duration 

Pig manure (Liquid): 15-25 days of duration 

Chicken manure (Liquid): 20-40 days of duration 

Animal manure mixed with plant material: 50-80 days 

Vegetable and Fruit waste mixed with food waste: 15-20 days 

 

If the retention time is very low, the bacteria in the digester can be removed or “washed out” 
and process will become unsuccessful. 

 

• Cost efficiency 

Cost efficiency of a biogas system can be obtained by optimizing process parameters such as 

substrate quality, temperature, infusion rate etc.,but there will always be cost of digester 

construction and other material cost and substrate costs if it has alternative uses. 

• Substrate 

For liquid manure undergoing fermentation in the mesophilic temperature range, the following 
approximate values apply: 

Mesophilic conditions ( 20˚C- 45 ˚C) 

• pH value 

Anaerobic methane producing bacteria thrive best under neutral to slight alkaline conditions. 

When the fermentation process stabilize the pH reach between 7 and 8.5. 

If the pH value drops to acidic levels ,the medium will be toxic to the methanogenic bacteria. 

• Nitrogen inhibition and C/N ratio 

It was observed that the metabolic activity of methane producing bacteria reaches its optimum 

at C/N ratio of around 8-20. 

When pH is higher it is observed that low nitrogen concentration tends to inhibit the process of 

fermentation. 

• Substrate solids content and agitation 

Relatively higher biogas content is achieved when high solid content is in the substrate but 

this impairs the mobility of the methanogens in the substrate. Therefore agitation and mixing is 

important for effective fermentation. 

• Inhibitory factors 

Materials in the substrate such as heavy metals, antibiotics, detergents may have inhibitory 

effect on the process of fermentation process. 
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2.6.2 By-products of anaerobic digestion process 
 
There are two major byproducts of anaerobic digestion once the biogas is produced ,which 
are digestate and treated affluent. 
 

1. Biogas  
Biogas,the major product of anaerobic digestion composed of methane and carbon dioxide 

with small amount of hydrogen and trace levels of hydrogen sulfide (H2S). Biogas can be used 

to generate electricity other than for its direct application as a cooking fuel. The biogas can be 

used to generate electricity by means of cogeneration and the electricity produced by biogas 

is considered as green energy. 

The release of biogas from the digester is not steady as at the beginning due to small number 

of bacteria in the substrate which cause less amount of gas produced. Highest is reached 

during the middle of the reaction. At the end of the reaction due to less digestible material the 

gas production is reduced. 

 

The typical composition of Biogas is as follows: 
Table 03: Bio gas composition [Verma, 2002] 

# Substance  % 

01 Methane ( CH4)    50-75 

02  Carbon dioxide , (CO2) 25-50 

03  Nitrogen ( N2) 0-10 

04 Hydrogen 0-1 

05 Oxygen (O2) 0-2 

06 Hydrogen sulphide ( H2S) 0-3 

  

2. Digestate 
 

Digestate can be of two type; they are Acidogenic and Methanogenic. 

Acidogenicdigestate:  

This is largely organic material that is composed of lignin chitin dead bacterial cells. This 

material can be used as compost or building products such as fiber board. 

Methanogenic digestate:  

This is liquid substance which is composed of nutrients and can be considered as excellent 

fertilizer. If the substrate has heavy metals and pesticides, the digestate tend to concentrate 

these materials in the digester liquor which needs to be treated before disposing. 
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3. Treated Effluent  
 

This is the end product of anaerobic digestion. This effluent is generated from the moisture in 

the substrate as well as from the reaction process. The effluent can be separated from 

digestate by dewatering or filtration. The effluent sometimes needed to be treated before 

discharging into sewers or using for irrigation. 

 

 

2.7 Biogas Technology in Sri Lankan context: 
 

In Sri Lanka Biogas technology is prevalent for nearly two decades. Both governmental and 

non-governmental organizations contribute to the development of biogas technology.It was 

observed that many of these projects fail as they were implemented in isolation [De Alwis, 

2001]. 

Conventionally the biogas technology in Sri Lanka considered as a source of energy for the 

rural population mainly for lighting purpose. The primary energy sources of Sri Lanka consists 

of Biomass, hydro and petroleum oil. The estimated use of above sources constitutes; 45% for 

biomass and 41% for petroleum and hydro accounting for 14% respectively. 

 According to figure 08, the major utilization of biofuel is for household cooking.  Since fuel 

wood becoming scarce and costly need for alternative cooking fuel is important. 

 

 
Figure 08: Biomass Utilization of Sri Lanka, [Annual review report, intermediate technology 

group, 2009] 

 
Use of anaerobic digesters: 
 
In Sri Lanka mainly two types of digesters are used for anaerobic digestion, continuous and 

batch type reactors. All the necessary resources, material and expertise knowledge are 

Industry  
23% 

House 
hold and 

others  
77% 

Biomass Utilization of  Sri Lanka 
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available in the country. A number of agencies in the country are now able to construct and 

train people on the use of both these types. Sevanatha, Energy Forum and Practical Action 

are some agencies who have implemented continuous type digesters in areas including 

Dickwella, Negambo, Karapitiya hospital, Passyala and Wattala. NERD has got an award and 

has the patent-ship for its batch type digester which is in operation in several areas of the 

country including Kiruloponne, Ja-ela, Anurahapura, Kollonnawa and Vajira orphanage, Kotte. 

Some of these projects have succeeded while some have failed attributed to poor 

maintenance and monitoring. Failure has been mainly due to non-separation of waste before 

feeding to the digester and uncontrolled feeding without shredding. The continuous type 

digesters at Dickwella and Krapitiya hospital and the batch type digester at the Vajira 

orphanage are operating successfully. Irrespective of the suitability of our waste for anaerobic 

digestion (due to the high organic and moisture content) and the advantage of getting biogas 

as a fuel and sludge as a fertilizer in the process, anaerobic digestion is not established well in 

the country. Another reason for this may be the reluctance in our society to use black liquor in 

the digestion process which would certainly enhance the efficiency of the system.  

The other biological treatment system, composting or aerobic degradation of solid waste is 

more popular in the country due to its simplicity in operation. Unlike in anaerobic digestion 

composting offers many levels of participation. Passive window composting which requires 

low active involvement other than occasional turning of piles can be used anywhere if space is 

available. Generally this is used for farms or municipalities. Compost plants operated by the 

Weligama UC, Hambantota UC and Bulathsinghala PS are examples of successful passive 

windrow compost plants. However, many other centralized composting plants in large LA 

areas such as Horana have failed mainly due to public protests against the mal-odor and 

contamination of water bodies [AIT, 2004]. Problems in these plants have mainly arisen due to 

unmanageable quantities of unsorted waste that has to be preprocessed prior to composting. 

2.8 Benefits of Bio Gas Technology in Sri Lankan context: 
In Sri Lanka women in rural areas responsible for finding firewood for cooking and other hard 

labor domestic chores. Having a biogas unit in the household could provide cooking energy 

for about 75% of the requirement [Weerasinghe el al 1999]. This reduces the burden on 

women, utilizing the leisure time on income generating activities. 

Disposal of animal waste is another time consuming activity the rural women perform. As 

animal waste is diverted for Biogas unit, these efforts have minimized. Further to time saving, 

the ownership of biogas facility has gained high social status among rural population.  
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According to report by AIT [AIT2004] 30% of the house holds that owns biogas units had 

previously used open bottle type Kerosene lamps for lighting which posed a severe health 

hazards. 

Another benefit of biogas technology is the fertilizer value of the slurry. It is estimated that bi 

products of biogas digestion have high bio-fertilizer value due to activities of the microbes on 

the substrate. This will help farmer to cut down on expenses on fertilizer significantly. 

It was observed that biogas slurry mixed with water act as disease preventing agent on some 

vegetable crops [Dissanayake, 1999]. 

At household level of rural areas the energy and fertilizer are the two major uses of biogas 

production. In urban areas, the removal of garbage, that of organic origin has become severe 

environmental problem.  Biogas technology has been identified by the government authorities 

as a possible solution for this crisis. 

2.9 Biogas from Food Waste 
The normal substrates for anaerobic digestion such as waste of animals, municipal solid 

waste, distillery effluent and sewerage are considered somewhat inefficient in methane gas 

generation due to its low calories [ARTI, 2006]. 

Compared to conventional animal manure, use of starchy or sugar feedstock influence 

generation of more biogas production.  

According to ARTI (2006) 2kg of starchy feed stock produce 500g of methane with reaction 

completed in 24 hours as compared to conventional biogas systems which needs about 40 kg 

of feedstock and 40 days of completion cycle. 

In cities where majority of people use LP gas or kerosene for cooking, the food waste produce 

at household can be easily converted for biogas generation that can be utilized for cooking. 

Methane gas produces without any smoke or soot producing a blue flame which produces a 

healthy cooking system for urban households. 

2.10 Design of Biogas Digester: 
The major distinction is made between batch and continuous type of anaerobic plants. In 

batch digesters, the digester is filled completely with feedstock and emptied completely after a 

fixed retention time. As opposed to batch type, continuous type digesters operate continuously 

The design is depend on the feedstock material as continuous type of digesters need flowable 

and easily digestible feedstock material. Continuous type biogas plants produce gas 

somewhat higher than the batch type. 
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Basic types of biogas digester designs: 

 

 

 

 

 

 

 

 

 

 

Sourcehttp://www.build-a-biogas-plant.com 

A: Floating drum plant, B: Fixed dome plant, C-fixed dome with separate gas holder 

D: Balloon type of bio gas design E: Channel type digester  

 

According to the gas storage the biogas digesters can be categorized into three: 

fixed digester, floating gas holder and bag digester.  

Fixed Dome Digester: This is the most common type of digester that has four major 

components; which are gas storage, fermentation chamber, hydraulic tanks and inlet tanks all 

connected to one structure. This has several advantages over the other designs such as; 

• It’s durable as it is made of concrete, simple structure and low cost. 

• Easy to maintain as it has no moving parts or metal components. 

• Capable of generating higher gas pressure and has no floating tank. 

• It saves space as it is constructed underground which saves the space. 

• Simple in operation as input materials flow easily into the digester by gravity. 

 

 

 

 

http://www.build-a-biogas-plant.com/
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Figure 09: Fixed-Dome type digester [SLS Standard, 1992:2006] 
 
Floating Gasholder digester:   

This digester has a floating tank for gas storage. This can be further subdivided into top 

floating gas holder digester (figure 10) andseparate gas holder type. (Figure 11). 

Separate digesters involve two tanks one for fermentation and the other is for gas storage. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Top floating gas holder type,[SLS Standard, 1992:2006] 
 
 
 
 
 

 

 

 

 
 
 
 
 
 

Figure 11: Separate floating gas holder type [SLS Standard, 1992:2006] 
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Bag Digester:  The bag digester has a separate bag for gas storage (figure 12) 
 
 
 
 

 

 

 

 
Figure 12: separate bag gasholder type [SLS Standard, 1992:2006] 

 

Biogas digesters can be categorizedaccording to the geometrical shape as vertical cylinder, 
spherical ,  rectangular, square, pipe shaped, oval, spindle-shaped, elliptical , arch oblate etc. 

 

 
 

 
Figure 13: Design according to geometrical shape[SLS Standard, 1992:2006] 

 
 
 
Biogas digesters can be categorized according to the orientation of its inlet and 
outlet.According to suitable conditions of the area, the orientation can be changed. Inlet and 
outlet can be varied according to buried or  as semi buried digester. 
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Figure 15: Under-ground digester[SLS Standard, 1992:2006] 

 
 

 
Figure 16: Semi-Buried digester [SLS Standard, 1992:2006] 

 
The success of any biogas plant depends on the proper design and construction methods 

followed. 

In Asia, the popular model of biogas digester is known as fixed- dome plant. Fixed dome plant 

has advantages like; simplicity of design, low construction cost etc. When compared to 

floating dome digester the main disadvantage is the inability to store gas for use on demand 

as the gas must be used when it is generated to avoid damage on the digester. 

Selection of size of the biogas digester: 

The biogas requirement is a deciding factor of the size of biogas digester, especially when the 

availability of feed stock is abundant. The rate of biogas consumption is calculated based on 

the purpose for which it is used. The average requirement of biogas for different applications 

is given in the following table: 

Table 04: Approximate gas required for different functions [SLS Standard, 2007] 
# Purpose  Approximate quantity of Gas required  

1 Cooking  0.30m3/day/person 

2 Gas lighting  0.15 m3/100 candela/hour 

3 Motive power ( water 
pumping and electricity ) 

0.70 m3/kWh 
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Factors to be considered in selecting a suitable site for biogas digester: 

1. Site should be close to the source of raw material and place of use. This will save time 

and effort in operational activities also reduce capital expenditure. 

2. Prevent contamination of all source of drinking water while adhering to prevailing local 

regulations. 

3. The site should be free from any intrusions of tree root which may cause damage to 

the digester. 

4. The site should be open to the sun for most of the time of the day as it is important to 

enhance the activities of microbes responsible for biogas production 

5. The soil bearing strength  should be adequate 

6. Enough space for the construction of digester, inlet chamber, hydraulic chamber and 

for processing and storing manure. 
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3 MATERIALS AND METHODS 
 

3.1 Methodology & Approach 
1. Initial survey to characterize and quantification of organic waste produced at the 

Economic Centre: 

A site survey was carried out to identify composition of market waste and quantify 

organic waste (Food waste, Vegetable and Fruit waste etc.) produced at Economic 

Centre. Further current practice of waste disposal was studied to evaluate problems at 

present  

2. Waste sampling:  To determine the compositional variability of organic waste over a 

season, weekly sampling was performed for a period of eight weeks. 

Waste samples of 5kg size were taken from the mixed waste and analyzed for 

compositional variability and values were averaged to have the mean values for each 

category of waste. 

3. Chemical Analysis: Samples were analyzed for pH, total solids and Volatile solids 

according to the standard method. 

Fruit & vegetable waste and food waste samples were tested for chemical parameters 

at the laboratory using standard analysis methods according to following: 

 

Method of analysis for total solids: (TS %) Total solids describes the amount of 

solid remain in the sample once the water is evaporated. A sample of 10g is taken and 

died in furnace at 105 0C till a constant weight is achieved.  

TS%=( final weight/initial weight)× 100 

 

Method of analysis for Volatile solids: (VS %) The remaining dried residue from 
total solid analysis weighed and heated for 2hrs at 500 0C. The sample weight was 
taken after cooling. 

VS%=[100-(V3-V1)/(V2-V1)]× 100 

(V1=weight of crucible, V2=weight of dry residue and crucible, V3=weight of ash & 

crucible) 

Method of analysis for organic content:  

Organic content ={Mass or TS-Mass of ashes}/Mass of TS 
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4. Laboratory tests were carried out to determine the biogas yield of the samples 

collected.   

The Bio –Methane Potential (BMP) test is a method of measuring the amount of 

biogas produced per gram of volatile solids ( VS) contained in the organic substrate in 

the anaerobic digestion process. This test can be performed in laboratory conditions 

usingknown quantity of substrate by providing anaerobic conditions. 

Each BMP test was performed under controlled lab condition in a 1000 ml glass 

bottle. The bottles were partially filled with substrate and inoculum to induce 

anaerobic conditions. Then each bottle was added with water up to a 500ml total 

volume.  To prevent any changes in the pH small amount of Na2CO3 (0.1-0.60g) 

were added. Each bottle was tightly sealed. 

All bottles were shaken for 30min at 80 rpm by a bottle shaker and then immersed 

up to half of the bottle height in hot water of 35 ˚C using a water bath. 

Each bottle was connected via capillary tube to inverted glass bottle (1000ml) 

containing 2% NaOH. This was done once per day for all the bottles.  

The daily methane gas production was measured for five weeks by the volume of 

alkaline solution displaced from the measure bottle and that is collected in the 

graduated cylinder (figure 17). 

The CO2contained in the biogas was dissolved in the alkaline solution; therefore it 

did not affect the methane content. 

Temperature and pH in each BMP bottle were also monitored for at least once a 

day with a thermometer and a pH meter, respectively. 
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Figure 17:    laboratory experimental setup that used to Biomethaneproduction  

 

5. Suitable design for the digester to match the biogas potential and to handle practical 

quantity of waste was designed.  

The design was proposed for anaerobic digester by considering feedstock 

characteristics, energy requirement ,Biomethane potential and cost .Design to be 

carried out according to the standards set by Sri Lanka Standards Institution 

Structural design of biogas digester [SLAS Manual, 2007] Continuous flow biogas digester 
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Figure18: Typical schematic diagram of continuous flow biogas digester SLS standard 2007 

 

1. Inlet 
2. Inlet pipe 
3. Movable cover 
4. Gas pipe 
5. Fermentation chamber 
6. Outlet opening  
7. Hydraulic chamber ( outlet) 
8. Overflow pipe 
9. sand trap 
10. Upper ring bean 
11. lower ring beam 
12. Dome 
13. Outlet pipe 
14. brick wall 
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The design can incorporate central partitioning wall within the digester. The expected 
function of this center partition wall is to prevent scum formation and short circulating of 
slurry.   

 
Figure 19: Schematic diagram of continuous flow bio gas digester with Centre partition  

The preferred geometry of a continuous flow biogas digester has its dome and bottom 
shaped like a truncated sphere with a cylindrical body. In order to ensure reasonable 
bearing capacity , safety, solidity and durability in use , the ration of vector rise to span for 
the dome shall be 1:5 ( f1:D0) and that of the bottom shall be  1:8 ( f2: Do)  
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4 RESULTS AND ANALYSIS 
 

4.1 Survey results of Food & Organic waste produced in 
Economic Centre, Ratmalana. 

 
Table 05: Stall categories according to the selling items 

 

 

 

Figure 20: Depicting Numbers of stalls with respect to type of goods sold 
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Graph depicting Numbers of  stalls with respect 
to type of  goods sold 

# Items  No of Stalls 

01 Vegetables and fruits 27 

02 Rice 17 

03 Grocery Items  40 

04 Poultry and fish stalls 16 

05 Dry fish and eggs 08 

06 Coconut oil and coconut  05 

07 Restaurants  04 

08 Others  11 

09 Mobile trade stalls 01 
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4.1.1 Composition and quantity of market waste produced 
 

Table 06:  Amount of waste produced in the Economic Centre/Day. 

No Item  
Amount of Waste 
 (kg/day) 

% 

1 Vegetable Waste   450 45.31 

2 Fruit waste including banana stems  350 35.26 

3 Packing materials(Hay, Straw, Paper, Cardboard) 150 15.10 

4 Restaurant waste (Food Waste) 30 3.02 

5 Materials in the form of  Plastic Wood etc. 13 1.31 

 

    

 

Total waste produced (approximately) 993 kg waste/day  

 

 

The major components of wastes generated in the market include vegetable wastes (46%), 

fruit wastes (35%), and packing materials (hay, straw, paper, etc. 15%). Materials in the form 

of plastics, wood etc. were present in around 1% of the waste quantity. 

The organic waste in terms of fruit and vegetable is estimated approximately 800kg per day. 

These wastes along with the other inorganic waste are collected and dumped in a nearby 

landfill site without proper treatment. 
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4.2 Chemical parameters of fruit and vegetable waste (FVW) 
and food waste (FW): 

4.2.1 pH value of the fruit & vegetable waste and food waste: 

 

 
Figure 21:pH values of fruit and vegetable waste, Food waste and mixed waste 

 

The average pH value for FVW is 6.38 and 3.95 for food waste and 5.7 for mixed waste of 

both FVW and FW. According to observations, the methane producing bacteria thrive best 

under neutral to alkaline conditions. As per the research findings the food waste is observed 

to be more acidic for the growth of the methanogen bacteria.  
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4.2.1 Total solid % of the fruit & vegetable waste, food waste and mixed 
waste: 

 

 

Figure 22:Total Solids% of fruit and vegetable waste, Food waste and mixed waste 

The average percentage of Total Solids of fruit and vegetable waste accounts for 8.08 and 

21.9 for Food waste. The total solid percentage for mixed waste is 15.23. 

It is observed that FVW has low amount of total solids due to high moisture content. 

Compared to FVW, Food waste is having higher total solids content which can be beneficial in 

terms of anaerobic digestion. 
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4.2.1 Volatile Solids % of the fruit & vegetable waste, food waste and 
Mixed waste 

 

 

Figure 23:Volatile Solids% of fruit and vegetable waste, Food waste and mixed waste 

The average percentage of Volatile Solids of fruit and vegetable waste accounts for 6.18 and 

19.98 for Food waste. The total solid percentage for mixed waste is 14.6 

It is observed that FVW has low amount of Volatile solids compared to FW, Food waste is 

having higher Volatile solids content which can be beneficial in terms of anaerobic digestion. 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

sample 1 sample 2 sample 3 sample 4 sample 5

V
ol

at
ile

 S
ol

id
s 

%
 

Volatile  solids (%) of  FVW,FV and Mixed waste  

FVW

FW

Mixed



 

43 
 

4.3 BMP test results in analyzing methane yield of feedstock 
material: 

 

 

Figure 24:Methane (CH4) yield of fruit and vegetable waste and Food waste. 

For a duration of 05 weeks the average methane gas (CH4) production were 0.30, 0.56 

CH4/kg VS, and Bio degradability can be calculated as 59.3% and 83.6% for FVW and FW 

separately. 

 

 

4.4 Design for anaerobic digester: 
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4.4.1 Calculation for Geometric parameter of Hydraulic Biogas Digester 

 

 

V1-Volume of the Dome 

V2-Volume of the Bottom 

V3-Volume of the fermentation chamber 

f1-Vector rise of the dome 

f2- Vector rise of the bottom 

R1-Curvarture radius of the dome 

R2- Curvature radius of the Bottom 

D0-Internal diameter of the digester (Body) 

R0-Intenal radius of the digester 

H0-Height of the digester wall (Body) 

 

Recommended relationship of above parameters as follows: 

𝐻0 =
𝐷0
2.5
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𝑓1 =
𝐷0
5

 

 

𝑓2 =
𝐷0
8

 

𝑅0 =
𝐷0
2

 

𝑅1 = �
𝑅02

2𝑓2 + 𝑓1
� ÷ 2 

𝑅2 = �
𝑅02

2𝑓2 + 𝑓2
� ÷ 2 

 

 

From volume formulas of ball cap and cylinder, we get: 

 

V1=π/6f1(3R²0 +f²1) 

V2=π/6f1(3R²0 +f²2) 

V3=πR²0H0 

 

 

Substituting f1,  f2,  D0and H0   into above formulas, we get: 

 

𝑉1 =
𝜋
6

×
𝐷𝐷
5

× � 3 ×
𝐷𝐷2

2
+
𝐷𝐷2

5
� = 0.0827 𝐷03 

 

𝑉2 =
𝜋
6

×
𝐷𝐷
8

× � 3 ×
𝐷𝐷2

2
+
𝐷𝐷2

8
� = 0.0501  𝐷03 

 

𝑉3 = 𝜋 × �
𝐷𝐷2

5
+
𝐷𝐷2

2.5
� = 0.3142  𝐷03 

Total Volume of the digester is: 

𝑉 =  𝑉1 + 𝑉2+𝑉3 

𝑉 =   ( 0.0827 + 0.5501 + 0.3142)𝐷03  
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𝑉 =   0.4470𝐷03 

Thus,  

𝐷𝐷 = �
𝑣

0.447
3

 

 

𝐷𝐷 = 1.3078 √𝑣3  

Volume of hydraulic chamber is expressed by: 

V4=Vγv/2 

V4=Volume of the Hydraulic chamber (m3) 

V= Total Volume of Bio gas digester (m3) 

γv=Gas production rate(m3/m3/day) 

 

Design calculations of continuous flow Digester: 

Approximate quantity of Gas required for cooking  = 0.3 m3/Day/Person 

(As per the recommendations of SLS 1292:2006 the biogas systems) 

Estimated amount of Biogas requirement for 400 personnel = 0.3 × 400 = 120𝑚3/𝐷𝐷𝐷 

Estimated amount of waste collected per day  = 

Fruit and vegetable waste   =800kg/Day 

Food waste (FW)   = 30 kg/Day 

Total waste amount    = 830kg /Day 

 

Biogas production from FVW feed stock material:  

Percentage of Volatile solids in FVW  =6.5% 

Amount of VS in 800 kg of FVW  =800*6.5/100 =52kg 

Percentage of Volatile solids in 1kg of FW  =20.5 % 

Amount of VS in 30 kg of FVW  =30*20.5/100 =6.15kg 

 

 

 

Amount of biogas production from FVW = 0.3 m3/kg of VS   =  0.3 × 52 = 15.6𝑚3 
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Amount of biogas production from FW = 0.56 m3/kg of VS=0.56 × 6.15 = 3.44𝑚3 

Total biogas production if total volume of waste is utilized =15.6 + 6.15 = 21.75𝑚3 

Daily dumping waste amount is limited to 650 kg in the pilot scale digester design. The 650 kg 

is in equal ratio of feedstock and water. Therefore the actual feedstock amount considered for 

the digester is 325kg. 

Therefore amount of biogas production from FVW =   300 × 6.5 ÷ 100 × 0.3 = 5.85𝑚3 

Amount of biogas production from FW =   25 × 20.5 ÷ 100 × 0.56 = 2.87𝑚3 

Total biogas production if 650kg input is utilized =5.85 + 2.87 = 8.72𝑚3 

 

The volume of the dome (V1) should be 8.72= 0.0827 𝐷03 

Therefore 𝐷03 = 8.72 ÷ 0.0827= 105.44 

Internal diameter of the Digester ( 𝐷0) = 4.9𝑚 

𝑉1 =
𝜋
6

×
𝐷𝐷
5

× � 3 ×
𝐷𝐷2

2
+
𝐷𝐷2

5
� = 0.0827 𝐷03 

𝑉1 = 0.0827 𝐷03 = 0.0827 × 4.93 

𝑉1 = 9.72𝑚3 

𝑉2 =
𝜋
6

×
𝐷𝐷
8

× � 3 ×
𝐷𝐷2

2
+
𝐷𝐷2

8
� = 0.0501  𝐷03 

𝑉2 = 0.0501  𝐷03 = 5.89𝑚3 

 

𝑉3 = 𝜋 × �
𝐷𝐷2

5
+
𝐷𝐷2

2.5
� = 0.3142  𝐷03 

 

𝑉3 = 0.3142  𝐷03 = 36.96𝑚3 

 

Total Volume= V1+V2+V3 

𝑉 = 9.72 + 5.89 + 36.96 𝑚3 

𝑉 = 52.57𝑚3 

 

Wall height 
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𝐻0 =
𝐷0
2.5

=
4.9
2.5

= 1.96𝑚 

Dome height  

𝑓1 =
𝐷0
5

=
4.9
5

= 0.98𝑚 

Base depth  

𝑓2 =
𝐷0
8

=
4.9
8

= 0.61𝑚 

Internal radius of the digester  

𝑅0 =
𝐷0
2

=
4.9
2

= 2.45𝑚 

Totalheight = 𝑓1 + 𝑓2 + 𝐻0 = 0.98 + 0.61 + 2.45 = 4.04𝑚 

Total volume of the digester =𝑉 = 52.57𝑚3 

 

The total volume of the digester is 52.57𝑚3 

For the pilot digester design amount of waste is limited to 650 kg in equal ration of feedstock 

and water.  Depending on the characteristics of the feedstock material, the biogas production 

is estimated to be 8.72𝑚3 per day. 

 



 

 

5 DISCUSSION: 
The organic waste produced in market place in terms of fruit and vegetable is estimated 

approximately 800kg per day.This waste along with the other inorganic waste collected and 

dumped in a nearby site without proper treatment and exposed to the environment. Hence 

the current waste disposal practice is detrimental to the environment as well as for the safety 

of the people in that particular area. 

In designing anaerobic digesters,physical and chemical characteristics of feedstock are 

important as they affect the biogas production and process stability. These characteristics 

may include moisture content,pH, volatile solids content, nutrient amount, particle size and 

bio degradability. 

The average pH value for FVW is 6.38 and 3.95 for food waste and 5.7 for mixed waste of 

both FVW and FW. According to observations, the methane producing bacteria thrive best 

under neutral to alkaline conditions. As per the research findings the food waste is observed 

to be more acidic for the growth of the methanogen bacteria. As the pH values of the 

substrates when used mixed with fruit and vegetable waste falls in the range of acceptable 

pH range for methonogenic bacteria, the feed stock material can be considered as a suitable 

substrate for anaerobic digestion. 

According to Hilkiahigonij [igonij, 2008], the total solids (TS) concentration of waste influence 

the pH, temperature and effectiveness of the decomposition process by microorganisms. The 

results of his study show that when total solids percentage of substrate increases there is an 

increase in the biogas yield. 

The average percentage of Total Solids of fruit and vegetable waste accounts for 8.08 and 

21.9 for Food waste. The total solid percentage for mixed waste is 15.23.It is observed that 

FVW has low amount of total solids due to high moisture content. Compared to FVW, Food 

waste is having higher total solids content which can be beneficial in terms of anaerobic 

digestion 

The amount of volatile solids in substrate is important as the methane yield is determined by 

the amount of bio gas produced per unit of volatile solids contained in the substrate during 

the anaerobic digestion. It is observed that FVW has low amount of Volatile solids compared 

to FW, Food waste is having higher Volatile solids content which can be beneficial in terms of 

anaerobic digestion 

Organic fraction in the FVW mainly includes cellulose, sugar, hemicellulose and lignin while 

FW (food waste) mainly include protein, starch sugar and fat. It was observed that high 

percentage of biodegradable organic content in FW resulted in a higher methane 
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production.Hence the food waste can be considered as highly desirable feedstock for 

anaerobic digestion. 

When designing a pilot scale biogas digester, considering the limitations of space and 

construction costs design amount of waste were limited to 650 kg in equal ration of feedstock 

and water. Hence the total volume of the digester amounts to be  𝟓𝟓.𝟓𝟓𝒎𝟑Depending on 

the characteristics of the feedstock material, the biogas production from the pilot digester 

was estimated to be 𝟖.𝟓𝟓𝒎𝟑per day. 

6 LIMITATIONS: 
To gain an understanding of the compositional and seasonal variability of the waste, daily 

and weekly, monthly sampling is needed, but due to time limitations we could collect only 

samples in weekly basis for few weeks  and it was revealed  that such variations did not exist 

in a manner which affects the calculations. 

7 CONCLUSIONS 
The study revealed  that the composition of the market waste as follows; vegetable wastes 

(45%), fruit wastes, including banana stem and related materials (35%) and packing 

materials (hay, straw, paper, cardboard  etc. 15%). restaurant waste/food waste 

(3%),materials in the form of stones, plastics, wood etc. were present in less than 1.3 % of 

the waste quantity. Total approximate waste production per day is 993 kg per day. 

Evaluation of chemical characteristics of the organic waste of typical fruit and vegetable 

waste (FVW) and food waste (FW) collected thorough out of a 3 months period revealed 

average that the pH value for the FVW as 6.38 and 3.95 for the FW separately. The amount 

of water is 92% in FVW and 77.9% in FW. The percentage of total solids in FVW is 8.08% 

and 21.9 % in FW.   Percentage of volatile solids is 6.18% in FVW and 19.98 % in FW.VS/TS 

(%) is 76.48 and 91.23 for FVW and FW respectively.  

The results showed that the composition of both fruit &vegetable waste and food waste 

varied minimally on weekly basis during the season. The nutrient content analysis showed 

that both feedstock materials contained well balanced nutrients for anaerobic 

microorganisms.   

Estimation of methane gas generation with respect to fruit and vegetable waste and Food 

waste was determined using Biomethane Potential (BMP)test and the total methane(CH4) 

production during the 20 days ,for FVW and FW were observed to be 0.30, 0.56 m3 CH4/kg 

VS, thus the biodegradability of FVW and FW could be calculated to be 59.3%, 83.6%, 

respectively. 
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The required amount of biogas amounts to 120 m3/day to be utilized for cooking for 400 

persons. According to characteristics and Biomethane potential of the feedstock the 

produced biogas amounts to be 21.75m3/day. The pilot scale digester designed for this 

purpose has a total digester volume of 52.57m3withestimated bio gas production of 

8.72m3per day. It is estimated that at least three continuous flow biogas digesters of the 

same volume of is needed to appropriately treat the waste produced. It can be concluded the 

quantity of waste produced at economic center can be successfully used to generate one 

fourth of the energy requirement of the university canteen.  
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Appendix 01 

1. Questionnaire 
 

 

Questionnaire 

 
Project: A Feasible Diversion option for food and organic waste produced in Economic 
Centre, Ratmalana- Sri Lanka. 

 
Date:   …………………………………….. 

Time:   …………………………………….. 

Shop No:  …………………………………….. 
 
Survey of Food & Organic waste produced in Economic Centre, Ratmalana. 

  

No Item  

Available 
items 
 

Amount of Waste 
 (kg/day) 

No; of Days that  

the shop open/week  Remarks 
 1 Grocery (Provisions)         

 2 Dry fish, Sprats         

 3 Fish & Meat         

 4 Vegetable         

 5 Fruit         

 6 Other(specify)         
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