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Introduction 

Waste is useless, unwanted or discarded material resulting from agricultural, commercial, communal and 

industrial activities. Municipal solid waste is term for solid waste discarded from residential and commercial 

establishments.  

 

Types of Municipal Solid Wastes 

There are many ways to classify solid waste. 

 Garbage: Animal and vegetable wastes resulting from handling, sale, storage, preparation and cooking 

of food; contains rotting organic matter which produces an odour  

 Ashes and Residues: Substances remaining from burning of combustible materials for cooking and 

heating in houses, institutions 

 Combustible and non-combustible waste: Paper, cardboard, textile, rubber, glass, crockery, aluminium 

cans 

 Bulky waste: Furniture, crates, vehicle parts, tyres, appliances such as washing machines and 

refrigerators 

 Street waste: Waste collected from streets such as paper, plastic, cardboard, food scraps 

 Biodegradable and nonbiodegradable waste: Biodegradable waste refers to leftover food, vegetable and 

fruit peels, paper; nonbiodegradable waste refers to plastic, cans, glass, metal  

 Dead animals: Those that die naturally or are killed on the road (does not include waste from slaughter 

houses) 

 Vehicles: Abandoned in open spaces 

 Construction and demolition waste: Stones, concrete, brick, lumber, roofing and plumbing materials, 

electrical wiring 

 

Sources of Municipal Solid Wastes 

 Residential [apartments, other dwellings]: food scraps, vegetable peels, food packaging, cans, bottles, 

glass, plastics, newspapers, clothing 

 Commercial establishments [stores, office buildings, restaurants]: Paper and cardboard, glass, plastics, 

packaging waste, organic waste, yard waste, hazardous waste and bulky waste  

 Institutions [schools, colleges, hospitals, government offices]: Paper and cardboard, glass, plastics, 

packaging waste, organic waste, yard waste 

 Industrial [manufacturing units, treatment plants, factories]: process waste, ash, demolition and 

construction waste, smoke 

 Agricultural sources [fields, orchards, vineyards, farms]: Wastes resulting from activities such as planting 

and harvesting crops, prod of milk, slaughter of animals, and feedlot operations 
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 Municipal [street cleaning, construction, demolition, landscaping]: Litter, street sweepings, abandoned 

automobiles, construction and demolition debris 

 Open sources: Waste from streets, alleys, parks, vacant and parking lots, playgrounds, beaches, highways 

Importance of Generation Rates 

Total waste can be classified into various types according to the effective management options applied. 

 Disposed/ Collected Waste: Solid waste materials ultimately taken to the disposal (Landfill) 

 Diverted Waste: Solid waste materials generated but not processed through the normal waste 

management channels (recycled, composted etc.). 

𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑊𝑎𝑠𝑡𝑒 =  𝐷𝑖𝑠𝑝𝑜𝑠𝑒𝑑 (𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑) 𝑊𝑎𝑠𝑡𝑒 +  𝐷𝑖𝑣𝑒𝑟𝑡𝑒𝑑 𝑊𝑎𝑠𝑡𝑒 

The waste generation rates should be in compliance with 

 State diversion requirements 

 Equipment selection 

 Collection and management decisions 

 Design of facilities 

 
Fig. 1: Sources of municipal solid waste in Kerala 

Source: www.universalecoservices.com  

 

http://www.universalecoservices.com/
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Fig. 2: State of waste management in South Asia (selected ASEAN member countries)  

Source: www.unep.or.jp  

Composition of Municipal Solid Wastes 

 

 

Fig. 3: Characteristics of solid waste generated from urban areas in India 

Source: Presentation on Solid Waste Management in India, IIT Madras 

Physical Properties of Solid Waste 

 Necessary for their treatment/ disposal system design 

Density: Density varies depending on the composition of wastes, being higher in organic wastes and lower in 

commercial wastes containing mainly paper and cardboard. The density is important for selection of waste 

collection equipment. Usually density will increase by about 20-25 % during the transport step. 

http://www.unep.or.jp/
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If materials are having different densities expressed as their weight fraction, the overall bulk density is calculated 

as follows: 

ρa+b =
(Ma + Mb)

[(
Ma

ρa
) + (

Mb

ρb
)]

 

Degree of volume reduction, F is the fraction remaining of the initial volume after compaction, i.e. ratio of Vc 

(compacted volume) to Vo (initial volume). The compaction ratio, r is defined as the ratio of the as-compacted 

density, ρc to the as-discarded density, ρd. 

Particle Size and Distribution: 

The size distribution of solid waste component is important for improving the rate of chemical reactions and for 

the recovery of materials. 

 Difficult to characterize because of waste heterogeneity  

 Important parameter for waste processing 

Moisture Content: Moisture content of solid waste is the weight loss (expressed in percent) when a sample of 

solid waste is dried to a constant weight at a temperature of 100 to 105oC. The % of moisture contained in a 

solid waste sample can be calculated on a dry or wet basis. Moisture content has a great influence on the heat 

of combustion as well as in the biological processes of organic matter. It depends on organic matter, weather, 

type of source etc. Field capacity is the moisture content retained by the mixed solids against the force of gravity. 

It varies with the degree of applied pressure and state of decomposition of the waste, for un-compacted wastes 

from residential to commercial areas, ranging from 50 to 60%. 

𝐹𝑖𝑒𝑙𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦, 𝐹𝐶 = 0.6 − [0.55 ∗ (
𝑊

4500 + 𝑊
)] 

Where field capacity is in % dry weight, and W is the overburden weight calculated at the mid-height of the 

waste in lift (kg). 

WASTE FILLED 
CONDITION 

MOISTURE CONTENT 
(CM/CM) 

WASTE AS PLACED 0.036-0.205 

FIELD CAPACITY 0.3-0.4 

COMPLETELY SATURATED 0.5-0.6 

METHANOGENESIS AT 
PEAK 

0.5-0.6 (by weight) 

Table 1: Moisture content at various waste-filled conditions 
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Example 1: Determine the average density, composition and moisture content of the municipal solid waste for 

a typical Indian city. 

Description Weight (%) Typical density (kg/m3) Moisture content (%) 

Food wastes 39.5 290 70 

Yard wastes 3.8 240 60 

Paper 0.85 85 6 

Plastic 0.7 65 2 

Glass/ceramics 0.5 195 2 

Metal 0.65 160 2 

Textile 2 65 8 

Leather 2.5 160 10 

Stones/bricks 40.5 480 10 

Miscellaneous 9 240 8 

Total 100.00  (Ramachandra, 2003) 

Solution: 

 Calculate the dry weight: 𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 = 𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

For Food wastes, 𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 = 39.5 − (39.5 ∗ 0.70) = 11.85 

Similarly, calculate for all the components. 

Description Percentage by 

weight, fi 

Typical 

density, Di 

(kg/m3) 

Moisture 

content (%) 

Dry weight 

(%) 

fiDi 

Food wastes 39.5 290 70 11.85 114.55 

Yard wastes 3.8 240 60 1.52 9.12 

Paper 0.85 85 6 0.799 0.7225 

Plastic 0.7 65 2 0.686 0.455 

Glass/ceramics 0.5 195 2 0.49 0.975 

Metal 0.65 160 2 0.637 1.04 

Textile 2 65 8 1.84 1.3 

Leather 2.5 160 10 2.25 4 

Stones/bricks 40.5 480 10 36.45 194.4 

Miscellaneous 9 240 8 8.28 21.6 

Total 100.00   64.802 348.1625 

 Average moisture content = 𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 = 100 − 64.802 = 35.198% 

 Average density,  𝐷𝑎𝑣𝑔(∑ 𝑓𝑖𝐷𝑖
𝑛
𝑖=1 )  where fi is the fraction of weight of ith component with density Di. 

Here, Davg is found to be 348.1625 kg/m3. 

Example 2: For the waste mixture given above: 

 What is bulk density of the waste mixture prior to compaction? Assume that the compaction in the cell 

is 600 kg/m3. 
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 Estimate the volume reduction (%) during the compaction in landfill. 

 If the food and yard wastes are diverted for composting, what is the un-compacted bulk density of the 

remaining waste? 

Solution: 

 

Description Percentage by 

weight, fi 

Typical density, Di 

(kg/m3) 

fi/Di 

Food wastes 39.5 290 0.136207 

Yard wastes 3.8 240 0.015833 

Paper 0.85 85 0.01 

Plastic 0.7 65 0.010769 

Glass/ceramics 0.5 195 0.002564 

Metal 0.65 160 0.004063 

Textile 2 65 0.030769 

Leather 2.5 160 0.015625 

Stones/bricks 40.5 480 0.084375 

Miscellaneous 9 240 0.0375 

Total 100.00  0.3477 

Bulk density before compaction can be calculated: 𝜌𝑡𝑜𝑡𝑎𝑙 =
100

0.347705
= 287.6 

𝑘𝑔

𝑚3 

Percent volume reduction due to compaction =
287.6

600
= 47.93% 

The landfill volume required is 47.93% of that required without compaction. 

When the food and yard wastes are removed, uncompacted bulk density changes to 𝜌′ =
56.7

0.19567
= 289.78

𝑘𝑔

𝑚3 

Problem 1: Calculate the dry composition, average moisture content and average density of the MSW with the 

given data. Also find out which component has the greatest impact on the volume of the waste and moisture 

content. How does the volume composition differ from the waste composition by weight? 

Components Composition, % by wt. Moisture content (%) 

Food Waste 10 70.0 

Paper 32 6.0 

Cardboard 7 5.0 

Plastics 6 2.0 

Textiles 2 10.0 

Rubber 1 2.0 

Leather 2 10.0 

Yard Waste 18 60.0 

Wood 5 20.0 

Glass 7 2.0 

Metals 10 3.0 
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Chemical Properties of Solid Wastes 

Waste consists of combustible (i.e. paper) and non-combustible materials (i.e. glass). Used primarily for 

combustion and waste to energy (WTE) calculations but can also be used to estimate biological and chemical 

behaviors. Chemical properties are important for: (i) Improving leachate properties and groundwater 

contamination; (ii) Evaluating alternative solid waste processing and recovery options; (iii) Information about 

trace element composition; and (iv) Assessing the feasibility of MSW combustion directly affected by chemical 

composition. 

Ultimate Analysis 

It is defined as the total elemental analysis to determine the percentage of elements, mainly, carbon, hydrogen, 

oxygen, nitrogen, sulfur and present. The oxygen value is calculated by subtracting the other components, 

including ash and moisture, from 100%. This analysis is used to characterize the chemical composition of the 

organic fraction of the waste; which is turn is useful in assessing the stability of the waste as a fuel and predicting 

emissions from combustion. 

 
Table 2: Ultimate analysis of combustible components in household MSW 

Source: Waste Management Practices: Municipal, Hazardous and Industrial. John Pichtel. [Google Books] 

Example 3: Determine the chemical composition of the organic fraction of the waste described below, with 

and without water. 
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Component Wet weight (kg) % Moisture content 

Food wastes 9 70 

Paper 34 6 

Cardboard 6 5 

Plastics 7 1 

Textiles  2 10 

Rubber 0.5 0 

Leather 0.5 20 

Yard wastes 18.5 65 

Wood 2 20 

Use the following data (fraction of each element in types of waste) for calculating composition: 

Component C H O N S Ash 

Food waste 0.480 0.064 0.376 0.026 0.004 0.050 

Paper 0.435 0.060 0.440 0.003 0.002 0.060 

Cardboard 0.440 0.059 0.446 0.003 0.002 0.050 

Plastic 0.600 0.072 0.228 - - 0.100 

Textiles 0.550 0.066 0.312 0.046 0.002 0.025 

Rubber 0.780 0.100 - 0.020 - 0.100 

Leather 0.600 0.080 0.116 0.100 0.004 0.100 

Yard 
wastes 

0.478 0.060 0.380 0.034 0.003 0.045 

Wood 0.495 0.060 0.427 0.002 0.001 0.015 

Solution: 

Since the data on chemical composition of MSW is given in terms of dry weight, we first calculate the dry weight 

of the different components of the solid waste described above; and then proceed to calculate the fractions of 

different elements present. 
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We can see that the weight with water is 79.5 kg, while the weight after water has been removed is 58.1 kg. 

Hydrogen and oxygen are present in water; to calculate chemical formula of waste with water, these must be 

taken into consideration. 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 = 79.5 − 58.065 = 21.435 𝑘𝑔 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐻 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 = 21.435 𝑘𝑔 ∗
2

18
= 2.382 𝑘𝑔 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑂 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 = 21.435 𝑘𝑔 ∗
16

18
= 19.053 𝑘𝑔 

 

Next, determine the molar composition (divide each component by its respective molar weight). 

ELEMENT ATOMIC 
WEIGHT 

MOLES, W/O WATER MOLES, W/ WATER 

C 12 2.281 2.281 

H 1 3.611 5.993 

O 16 1.434 2.625 

N 14 0.039 0.039 

S 32 0.003 0.003 

To find the mole ratio, divide the number of moles of each element by the lowest number of moles (Sulphur in 

this case). 

 

Component Wet weight (kg) Moisture content Dry weight (kg) C H O N S Ash

Food waste 9 70% 2.7 1.296 0.1728 1.0152 0.0702 0.0108 0.135

Paper 34 6% 31.96 13.9026 1.9176 14.0624 0.09588 0.06392 1.9176

Cardboard 6 5% 5.7 2.508 0.3363 2.5422 0.0171 0.0114 0.285

Plastic 7 1% 6.93 4.158 0.49896 1.58004 - - 0.693

Textiles 2 10% 1.8 0.99 0.1188 0.5616 0.0828 0.0027 0.045

Rubber 0.5 0% 0.5 0.39 0.05 - 0.01 - 0.05

Leather 0.5 20% 0.4 0.24 0.032 0.0464 0.04 0.0016 0.04

Yard wastes 18.5 65% 6.475 3.09505 0.3885 2.4605 0.22015 0.019425 0.291375

Wood 2 20% 1.6 0.792 0.096 0.6832 0.0032 0.0016 0.024

Total 79.5 58.065 27.37165 3.61096 22.95154 0.53933 0.111445 3.480975

Composition

Element Weight, w/o water (kg) Weight, w/ water (kg)

C 27.37165 27.37165

H 3.61096 5.99296

O 22.95154 42.00454

N 0.53933 0.53933

S 0.111445 0.111445

Ash 3.480975 3.480975
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ELEMENT MOLE RATIO, W/O 
WATER 

MOLE RATIO, W/ 
WATER 

C 654.95 654.95 

H 1036.84 1720.80 

O 411.89 753.82 

N 11.06 11.06 

S 1.00 1.00 

Therefore, the chemical formula for this particular solid waste sample is C654.95H1036.84O411.89N11.06S without 

water & C654.95H1720.80O753.82N11.06S with water. 

Source: MSW Learning Tool [http://msw.cecs.ucf.edu/index.html]  

Proximity Analysis 

This is more specific compared to ultimate analysis, as is used to estimate the capability of the MSW as a fuel. 

Proximate analysis is the determination of moisture and ash content (the noncombustible components of 

MSW), volatile matter and fixed carbon content (good indicators of combustion capacity of MSW). From 

laboratory results (Liu and Liptak, 2000):  

𝐹𝑖𝑥𝑒𝑑 𝑐𝑎𝑟𝑏𝑜𝑛 [%]  =  100 [%] –  𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 [%] –  𝑎𝑠ℎ [%] –  𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 [%] 

 

Table 3: Typical proximate analysis of MSW and MSW components 

Source: Waste Management Practices: Municipal, Hazardous and Industrial. John Pichtel. [Google Books] 

Heat of Combustion 

The heating value of waste is a measure of the energy released when it is burned. It can be estimated by: (i) 

combusting samples in a boiler and measuring the heat output; (ii) using lab scale bomb calorimeter or (iii) 

ultimate analysis.  

http://msw.cecs.ucf.edu/index.html
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The heat generated from combustion in a calorimeter is: 𝑈 =
𝐶𝑣∆𝑇

𝑀
 

Where U is the heat value of the unknown material (cal/g), ΔT is the rise in temperature from thermogram (0C), 

M is the mass of the unknown material, and Cv is the heat capacity of the calorimeter. 

A heating value of about 11.6 X 106 J/kg is needed to sustain combustion. The heat of combustion increases 

when there is more paper, cardboard and plastic in waste because they have a high heating value; and decreases 

when there is a high content of organic matter, and therefore, of moisture. 

Example 4: A 15 g sample of mixed MSW is combusted in a calorimeter having a heat capacity of 8750 cal/oC. 

The temperature increase on combustion is 2.75oC. Calculate the heat value of the sample. 

Solution: 

U =
𝐶𝑣∆𝑇

𝑀
=

8750 ∗ 2.75

15
= 1604.2

𝑐𝑎𝑙

𝑔
 

  

Fig. 4: Schematic diagram of bomb calorimeter   Fig. 5: Laboratory set-up of bomb calorimeter 

Source: Waste Management Practices: Municipal, Hazardous, and Industrial. John Pichtel. [Google Books] 

Carbon – Nitrogen [C/N] ratio 

It is the ratio of the weight of carbon to the weight of nitrogen present in compost or in materials that are being 

composted (preferred range: 20 – 35). Lower values indicate the loss of nitrogen as ammonium gas and render 

composting impractical. 
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Heating Value of Wastes 

The heat value of waste is directly proportional to the carbon content of the waste and inversely proportional 

to the ash and moisture content. The heating value of wastes can be calculated by using Dulong's formula: 

𝐻𝑉 (
𝑘𝐽

𝑘𝑔
) = 33801[𝐶] + 144158[𝐻] − 0.125[𝑂] + 9413[𝑆] 

Where HV is the heating value; C, H, O, S are the compositions on dry basis. 

Or by using Modified Dulong formula: 

𝐻𝑉 (
𝑘𝐽

𝑘𝑔
) = 337[𝐶] + 1419[𝐻2 − 0.125𝑂2] + 93[𝑆] + 23[𝑁] 

Where C, H2, O2, S, and N are % by weight of each component. 

Energy content from MSW as defined by Khan et al. (1991): 

𝐸 (
𝑀𝐽

𝑘𝑔
) = 0.051[𝐹 + 3.6(𝐶𝑃)] + 0.352(𝑃𝐿𝑅) 

Where E=energy content; F=percentage weight of food in the waste; CP=percentages of cardboard and paper; 

and PLR=percentage of plastic, leather and rubber. 

Example 5: The chemical formula for a waste mixture analyzed is C654.95H1036.84O411.89N11.06S. Determine the 

energy content using modified Dulong formula.  

Solution: 

In order to apply the modified Dulong formula, we need to know the % by weight of each element.  

% weight of C =
654.95∗12

654.95∗12+1036.84∗1+411.89∗16+11.06∗14+1.00∗32
∗ 100 = 50.145% 

 

Element Number of moles Weight (No. of moles*Atomic wt) % Weight 

C 654.95 7859.41765 50.145% 

H 1036.84 1036.84 6.615% 

O 411.89 6590.239849 42.047% 

N 11.06 154.8616806 0.988% 

S 1.00 32 0.204% 

Total  15673.35995  
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Energy content using modified Dulong formula is calculated as follows: 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 = 337(50.145) + 1419(6.615 − 0.125 ∗ 42.047) + 93(0.204) + 23(0.988)

= 18230.61 
𝑀𝐽

𝑘𝑔
 

High Heat Value and Low Heat Value 

Low heat value is the net heat available for combustion of the MSW, while high heat value includes the latent 

heat of vaporization also. These are estimated based on the chemical composition of the waste materials. 

𝐻𝐻𝑉 (
𝑀𝐽

𝑘𝑔
) = 0.339[𝐶] + 1.44[𝐻] − 0.139[𝑂] + 0.105[𝑆]  

𝐿𝐻𝑉 (
𝑀𝐽

𝑘𝑔
) = 𝐻𝐻𝑉 − 0.0244 ∗ (𝑊 + 9𝐻)  

Where W is percent mass of water and H is the percent of H in the waste. 

Fusion Point of Ash 

It is the temperature at which the ash from the combustion of waste forms clinker by fusion and agglomeration 

which provides information about softening and melting conditions. 

Example 6: Estimate the energy content using Khan Equation, for MSW having the following properties: 

Component % by weight 

Paper products 23 

Plastics 13 

Glass 12 

Metals 3 

Food waste 19 

Textiles 16 

Misc. 14 

Total 100 

Solution: 

𝐸 = 0.051[𝐹 + 3.6(𝐶𝑃)] + 0.352(𝑃𝐿𝑅) = 0.051[19 + 3.6 ∗ 23] + 0.352 ∗ 13 = 9.77
𝑀𝐽

𝑘𝑔
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Presence of Nutrients 

Biological conversion via composting and biogas production depends on the essential nutrients in the waste 

materials as they act as substrates for the micro-organisms. According to the degree of biodegradability, the 

organic fraction of MSW can be classified into sugars, starches and organic acids, proteins and amino acids, 

hemicellulose, cellulose and lignocellulose, lignin, fats, oils, and waxes. The biodegradability of organic fraction 

on volatile solids basis can be expressed as: 𝐵𝐹 = 0.83 − 0.028(𝐿𝐶), where LC is the lignin content of volatile 

solids as a % of dry weight.  

Management of Solid Wastes 

 

1. Reducing quantity and toxicity of waste 4. Composting 

2. Reusing materials 5. Incineration with/ without energy recovery 

3. Recycling materials 6. Sanitary landfill 

Table 4: Program set forth by USEPA for effective management of solid waste 

Source: Decision Maker’s Guide to Solid Waste Management – Vol. II. Facility Siting and Permitting. USEPA. 

 
Fig. 6: Management of solid waste 

Source: http://wgbis.ces.iisc.ernet.in/energy/SWMTR/content1.html [Functional elements of waste management] 

Collection of MSW 

The functional element of collection includes gathering of solid waste and recyclable materials and their 

transport to the location where the collection vehicle is emptied. Collection programs in different communities 

vary greatly depending on waste types collected, community characteristics, economics, and the desires of their 

residents. Data concerning waste sources, waste composition, and total volumes are critical for the proper 

planning of a collection program.  

http://wgbis.ces.iisc.ernet.in/energy/SWMTR/content1.html
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In India, urban bodies spend ~ Rs.500 – 1500 per ton on solid waste management, out of which 60-70% of the 

amount is spent on collection, 20-30% on transportation and hardly any fund on treatment and disposal.  

 
Fig. 7: Waste management hierarchy 

Source: Wikipedia (Waste hierarchy) [http://en.wikipedia.org/wiki/Waste_hierarchy] 

On-site Handling and Storage 

 Refers to activities associated with the handling of SW until they are placed in the containers used for 

storage before collection [curb collection, direct haul, transfer stations] 

Factors considered for On-site Storage 

 Types of containers used depend on characteristics of SW collected, collection frequency, and space 

available for the placement of containers. Residential area can have refuse bags of 7-10 L and rubbish 

bins of 20-30 L capacity. Container must be standardized to suit collection equipment. 

 Location can be either at the rear of/beside the house, alleys or at the basement of apartments 

 Public health: Waste to be removed periodically to avoid spread of diseases 

 Aesthetics: Must be clean, shielded from public view 

Method of Collection 

 Residential: Curb and backyard collection; set-out and set-back containers; house-to-house collection 

from bags 

 Commercial – Industrial (12 m3): Large movable and stationary containers and compactors 

 Collection frequency: For residential – everyday or once in two days, whereas for commercial/ communal 

– daily collection should be ensured. 

 For food wastes, the maximum time should not exceed: 

http://en.wikipedia.org/wiki/Waste_hierarchy
http://en.wikipedia.org/wiki/Waste_hierarchy
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o The normal time for the accumulation of waste in the container 

o Time for fresh garbage to putrefy and emit foul odour 

o Length of fly-breeding cycle 

Types of Collection Systems 

 Hauled Container System: Hauled to disposal sites, emptied, and returned to original location or some 

other location. It can be a hoist truck, tilt frame container or trash trailer. In general, this type of system 

is suitable for areas with high waste generation. 

 Stationary Container System: The container used to store waste remains at the point of generation, 

except when moved to curb or other location to be emptied. It can a mechanized system or manually 

loaded collection vehicle. 

The frequency of collection depends on the type of waste, storage limitations and financial status of the 

agencies. It is important to allocate some places for waste collection so that residents can effectively place their 

wastes and the collection system will be easily routed. There should be proper collection points near urban 

apartment complexes for biodegradable and non-biodegradable wastes. Sometimes, transfer points are used if 

the destination is far from collection stations. 

The collection equipment may be either automated or semi-automated. Trucks with mechanical or hydraulic 

lifting systems require wheeled carts. The number of collection vehicles needed for a community can be 

estimated by the equation (Vesilind et al., 2002);  

𝑁 =
𝑆𝐹

𝑋𝑊
 

Where N is the number of collection vehicles needed, S the total number of households serviced, F the number 

of collections per week, X the number of customers a truck can service per day and W the number of workdays 

per week. 

Proper collection routing is to be done for efficient and timely transport of the wastes. Route development is 

based on the scale of the area and regulations in the different municipalities. 

Handling and Separation 

Waste handling and separation involves the activities associated with management of waste until they are 

placed in a storage container for collection. Handling includes the movement of loaded containers to the point 

of collection. Separation of waste components is an important step in the handling and storage of solid waste 

at the source. The separation and processing of blended wastes usually occur at a Material Recovery Facility. 
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Transfer and Transport 

 The transfer of wastes from the smaller collection vehicle to the larger transport equipment 

 The subsequent transport of the wastes, usually over long distances, to a processing or disposal site 

Transfer stations:  

 Reduces traffic of smaller vehicles, reduces maintenance costs for collection vehicles, increases flexibility 

in the selection of disposal facilities, aids in recovery of recyclable materials at the transfer site, and 

processing of waste prior to disposing 

Recycling: It is important for the recovery of reusable products from waste before its final disposal. This can be 

done either at separation point or the waste can be brought to Material Recovery Facility (MRF). The recycling 

facilities should be established based on the individual materials involved, various manufacturing processes, and 

the nature of secondary material markets. It is important to have the wastes homogeneous and free of 

contamination before going to MRF. The important elements of waste that can be recycled include paper and 

paper products, glass, plastics, rubber, and metals like aluminium and iron products. The recycling of organic 

waste involves proper composting and reuse for soil conditioning and landscaping. 

Treatment Facilities 

The importance of increased interest in mechanized facilities for waste processing is that, as MSW disposal costs 

rise, recycling seems to come with incentives. Hence convenient and rapid methods of separation and 

processing should be developed. Unit operations are designed for the separation and processing of wastes to 

modify the physical characteristics of the waste so that the components can be removed easily. 

1. Shredding: for size reduction; done using hammer mills, flail mills, shear shredder, glass crusher and 

wood grinder 

2. Screening: for separation of over and under-sized material – using trammel 

3. Cyclone separator: for separation of light combustible materials from air stream 

4. Air classification: for separation of light combustible materials from air stream 

5. Magnetic separation: for separation of ferrous metal from miscellaneous waste 

6. Densification: for compaction and flattening; using balers and can crushers 

7. Weighing and handling facilities 

 



  TOPIC II: MUNICIPAL SOLID WASTE MANAGEMENT – FUNDAMENTALS 

 

18 

 

Composting: Composting is the controlled aerobic, biological conversion of organic wastes into a complex, 

stable final product having a number of beneficial uses, most commonly for agriculture and landscaping. 

Composting transforms the organic feedstock by mineralizing the simple, easily assimilable substances, i.e., 

protein, cellulose, sugars, and lipids to CO2 and small nitrogen compounds (e.g., nitrate) to produce a more 

homogeneous and stable organic product. 

Different Phases: 

 Separation of inert materials (glass, plastic, metals, etc.) from the organic fraction 

 Size reduction and chemical or biological conditioning – to enhance microbial reactions 

 Bacterial decomposition of the raw feedstock into simpler compounds with volume reduction and heat 

production 

 Stabilization and curing 

Bacteria are the first to become established in the pile, processing readily decomposable substrates (e.g., 

proteins, carbohydrates, and sugars) faster than any other group. Nitrogen-fixing bacteria are also present in 

the compost pile, which will fix atmospheric N for incorporation into cellular mass. Micro-organisms such as 

fungi, as well as macro-organisms such as rotifers, mites, springtails, beetles and earthworms are important for 

the size reduction and decomposition of the compost. 

Factors affecting the composting process 

 Nutrient levels (macro- C, H, and O and micro- N, P, K, Mg, S, Fe, Ca, Mn, Zn, Cu, Co, and Mo) 

 Nutrient balance (C/N ratio) 

 Aeration (When acids accumulate during the early stages of composting, aeration can be done to 

return the compost pH to an acceptable range.) 

 Moisture & Temperature 

 pH (between 5.5 and 8.5) 

 Particle size of the feedstock material 

Carbon and nitrogen are required for the catabolic and anabolic processes of the microbes. A larger part of 

carbon substrate is oxidized to CO2 during metabolic activities and the remaining carbon is converted into cell 

wall or membrane, protoplasm, and storage products. The principal use of nitrogen is in the synthesis of 

protoplasm (proteins, amino acids, nucleic acids). The optimum C/N ratio for soil and compost microorganisms 

has been established at roughly 30:1. A ratio much higher than this will slow down the decomposition by 
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oxidizing the excess carbon to CO2. If the ratio is lower than 25, composting will be inhibited due to low-energy 

supply and nitrogen will be lost both by leaching and volatilization as ammonia. The composting of a substrate 

in the presence of oxygen can be represented by the following balanced chemical reaction: 

𝐶𝑎𝐻𝑏𝑂𝑐𝑁𝑑 + 0.5(𝑛𝑦 + 2𝑠 + 𝑟 − 𝑐)𝑂2 → 𝑛𝐶𝑤𝐻𝑥𝑂𝑦𝑁𝑧 + 𝑠𝐶𝑂2 + 𝑟𝐻2𝑂 + (𝑑 − 𝑛𝑧)𝑁𝐻3, where 

𝑟 = 0.5[𝑏 − 𝑛𝑥 − 3(𝑑 − 𝑛𝑧)] and 𝑠 = 𝑎 − 𝑛𝑤. 

CaHbOcNd and CwHxOyNz represent the substrate and product respectively. 

Vermicomposting – Introducing worms into SW to aid in decomposition of organic matter (end product called vermicast). 

These worms are however sensitive to sunlight, citrus content and cooked food leftovers. 

Incineration: Incineration is defined as the controlled burning of solid, liquid, or gaseous wastes. It is mainly 

done for volume reduction, and also for extending the lifetime of the land disposal facility. It operates on the 

principle of “waste to energy” by utilizing the energy generated for space heating and electricity generation. 

Aerobic combustion will result in the most complete transformation of solid waste to ash, gases, and heat 

energy. 

The critical factors affecting the completion of the combustion are temperature, time and turbulence of the 

system (commonly referred to as the 3 T’s). Each combustible substance has a minimum ignition temperature 

that must be attained in the presence of oxygen for combustion to be sustained over a definite residence period.  

This is to be accompanied with proper mixing of MSW to expose maximum surface area to oxygen. 

 
Fig. 8: Mass burn Incinerator 

Source: www.epd.gov.hk [Problems and Solutions: Environmental Protection Department] 

Both over-fire and under-fire air exist during the burning of the charge in the combustion chamber. The 

temperature of the combustion zone will vary with furnace type and is usually maintained between 815 and 

http://www.epd.gov.hk/
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1095oC. The unburned residue is carried to the end of the grates and is collected and combined with other 

bottom ash.  

MSW can be combusted for the production of steam, which is useful for driving turbines and subsequent 

electricity generation. Boilers are used for the recovery and export of useful thermal energy in the form of hot 

water, saturated steam, or superheated steam. After passage through the boiler area, the combustion gases are 

freed of particulates and acid gases by electrostatic precipitators, bag-houses or mist separators and then 

discharged to the atmosphere. 

The combustion of the organic fraction in the MSW is represented simplistically as: 

 (𝐻𝐶)𝑥 + 𝑂2 → 𝐶𝑂2 + 𝐻2𝑂 + 𝐻𝑒𝑎𝑡; and the complete balanced chemical reaction is given below: 

𝐶𝑎𝐻𝑏𝑂𝑐𝐶𝑙𝑑𝐹𝑒𝑁𝑓𝑆𝑔 + (𝑎 +
𝑏

4
−

𝑐 + 𝑑 + 𝑒 − 𝑓

2
+ 𝑔) 𝑂2 → 𝑎𝐶𝑂2 + (

𝑏 − 𝑑 − 𝑒

2
) 𝐻2𝑂 + 𝑑𝐻𝐶𝑙 + 𝑒𝐻𝐹 + 𝑓𝑁𝑂 + 𝑔𝑆𝑂2 

Environmental Impacts of Incineration 

The energy derived from mass burning of MSW is poor compared to a fuel due to high organic matter and 

moisture content. The recoverable elements are very few at this stage. Under ideal conditions, organic wastes 

are converted into CO2 and H2O along with the release of heat energy. The actual composition of flue gases is a 

function of the composition of the original MSW, furnace design, and combustion conditions.  

Usually the particulates exhausted by MSW incinerators (fly ash) come within the respirable fraction. In addition, 

heavy metals, chlorinated dibenzo-dioxins, and other trace elements are attached to fly ash. The rate at which 

fly ash is expelled from the incinerator depends on ash content of the MSW, design of the furnace and the 

combustion temperature.  

Gases such as SOx, NOx, and HCl may be produced by incinerators at very low rates which can dissolve readily 

in water to form their corresponding strong acids. SO2 can cause direct respiratory irritation and damage 

materials such as stone and metal. NO2 is a major component of photochemical smog. There are trace gases 

that can exert a hazardous effect on living systems. Polychlorinated dibenzodioxins (PCDDs) and polychlorinated 

dibenzofurans (PCDFs) thus produced are toxic to human and animal life. Other chlorinated and organic 

compounds arising from MSW combustion include PCBs and polycyclic aromatic hydrocarbons (PAHs) such as 

pyrene and chrysene which are carcinogenic. 

Heavy metals released through the emission gases such as mercury, cadmium and lead are of highest health 

concern. Air pollution control equipment for mercury removal at combustion facilities includes activated carbon 

injection, sodium sulfide injection, and wet lime or limestone flue gas desulfurization. The noise from the various 

units of the incinerator is a major aesthetic concern. The extent of odour production and dispersion is related 

to the air temperature, pressure, humidity, wind speed and direction. 
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Disposal to MSW Landfills: A modern sanitary landfill is an engineered facility used for disposing of solid 

wastes on land without creating nuisance or posing a hazard to public health or safety. The site for landfill is 

selected such that it should be away from airports, floodplains, fault area, seismic impact zones and unstable 

areas. The basic design of an MSW landfill in accordance with RCRA recommendations consists of composite 

liner, cover and leachate collection system.  

Composite Liner System: The composite liner system consists of an upper synthetic geo-membrane liner (also 

known as a flexible membrane liner, FML) and a lower layer of compacted soil at least 0.61 m (2 ft) thick with 

a hydraulic conductivity of not greater than 1x10-7 cm/s. The clay used is naturally available clay – durable, 

with low hydraulic conductivity. Geo-membrane liners are liable to chemical reactions, as well as loading and 

settlement stresses. 

Types of liners: 

 High density poly-ethylene (HDPE) 

 Linear low-density polyethylene (LLDPE) 

 Polyvinyl chloride (PVC) 

 Flexible polypropylene (FPP) 

 Chloro-sulphonated polyethylene (CSPE) 

The surface of the compacted soil liner must be smooth and sufficiently strong to provide continuous support 

to the geo-membrane liner. At the time of installation, the geo-membrane liners are rolled out or spread out 

over the soil liner with each sheet overlapping the adjacent sheets and seamed together to create the effect of 

a single impermeable layer. [Thickness: 0.75mm to 3 mm (1.5mm for HDPE liner)] 

Landfill Cover System: Daily cover is applied to the landfill with soil or any alternative material to control 

disease vectors, fires, odor, blowing litter, and scavenging by animals. Biological pest control methods may be 

a viable alternative to chemical control at landfills. 

Leachate Generation and Control: Leachate is the liquid generated by the action of water (rainwater or 

infiltrating groundwater) and liquids present within the initial waste percolating through the stored waste 

within a landfill cell. It is formed as the preventive mechanism fails. The volume of leachate generated is 

obtained from the mass balance for all the water receiving and removing from the site.  

Hypothetical water balance equation: 

𝐿 = 𝑃 + 𝑅𝑜𝑛 + 𝑈 − 𝐸 − 𝑅𝑜𝑓𝑓 

𝐿 = 𝑙𝑒𝑎𝑐ℎ𝑎𝑡𝑒, 𝑃 = 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛, 𝑅𝑜𝑛 = 𝑟𝑢𝑛 − 𝑜𝑛 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑤𝑎𝑡𝑒𝑟, 

𝐸 = 𝑒𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛, 𝑅𝑜𝑓𝑓 = 𝑟𝑢𝑛 − 𝑜𝑓𝑓 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 

𝑈 = 𝑢𝑛𝑑𝑒𝑟𝑓𝑙𝑜𝑤 𝑜𝑓 𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 𝑖𝑛𝑡𝑜 𝑙𝑎𝑛𝑑𝑓𝑖𝑙𝑙  
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If the landfill is designed and operated properly, surface water will be diverted from waste, 𝑅𝑜𝑛 = 0; and if 

landfill is constructed above water table with an impermeable liner, 𝑈 = 0. Here is the simplified equation for 

a landfill constructed above the water table and possessing an impermeable liner:  

𝐿 = 𝑃 − 𝐸 − 𝑅𝑜𝑓𝑓 

A leachate collection and removal (LCR) system is situated above the composite liner to collect, divert, and 

remove liquids during landfill operation and well after closure. The LCR must be designed to limit the depth 

(hydraulic head) of the leachate above the liner to less than 30 cm. The leachate thus collected can be treated 

by biological (aerobic, anaerobic), physicochemical, land application, recycling though the landfill and treatment 

with municipal wastewater. 

Landfill Gas Production: The duration of each of the phases outlined above vary as a function of the 

distribution of the organic components in the landfill cell, the availability of nutrients, the moisture content of 

the waste, and the degree of initial compaction. It is estimated that the biological decomposition of 1 ton of 

MSW produces 442 m3 of landfill gas containing 55% CH4 having a heat value of 19,730 kJ/m3, but the actual 

average methane yield is closer to 100 m3 due to the presence of inaccessible waste and non-biodegradable 

fractions. 

The Landfill Gas Emission Model (LandGEM) developed by USEPA describes gas production in an equation: 

𝑄𝑇 = ∑ 2𝑘𝐿𝑜𝑀𝑖𝑒
−𝑘𝑡𝑖

𝑛

𝑗=1

 

Where, 𝑄𝑇 = 𝑇𝑜𝑡𝑎𝑙 𝑔𝑎𝑠 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (
𝑣𝑜𝑙𝑢𝑚𝑒

𝑡𝑖𝑚𝑒
) , 𝐿𝑜 = 𝑀𝑒𝑡ℎ𝑎𝑛𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 (

𝑣𝑜𝑙𝑢𝑚𝑒

𝑚𝑎𝑠𝑠
) 

𝑛 = 𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 , 𝑘 = 𝐿𝑎𝑛𝑑𝑓𝑖𝑙𝑙 𝑔𝑎𝑠 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (
1

𝑡𝑖𝑚𝑒
) 

𝑡𝑖 = 𝐴𝑔𝑒 𝑜𝑓𝑖𝑡ℎ𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 (𝑡𝑖𝑚𝑒), 𝑀𝑖 = 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑒𝑡 𝑤𝑎𝑠𝑡𝑒 𝑝𝑙𝑎𝑐𝑒𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒′𝑖′

 
Fig.9: Graph depicting landfill gas production as a function of time 



  TOPIC II: MUNICIPAL SOLID WASTE MANAGEMENT – FUNDAMENTALS 

 

23 

 

Landfill Closure: A final cover is installed on the landfill at the end of filling age, to minimize infiltration of 

rainwater (thus limiting the production of leachate) and to prevent erosion (thus protecting buried wastes 

from exposure and possible dispersal). It consists of an infiltration (barrier) layer system, a drainage layer, an 

erosion control layer, and a gas venting system. The requirement of the final cover system: 

 Have permeability less than 1x10-5cm/sec Minimize infiltration through the landfill using a barrier 

layer [at least 46 cm of soil] 

 Minimize erosion of the final cover using an ‘erosion layer’ [15 cm of soil] 

Post-closure care activities 

 Maintaining the integrity and effectiveness of erosion controls 

 Maintaining and operating the leachate collection system 

 Maintaining and operating the gas venting system 

 Monitoring groundwater for contamination 

Energy Generation: Several technologies have been developed that make the processing of MSW for energy 

generation cleaner and more economical than ever before; including landfill gas capture, combustion, 

pyrolysis, gasification, and plasma arc gasification. While older waste incineration plants emitted high levels of 

pollutants, recent regulatory changes and new technologies have significantly reduced this concern. Models 

are derived from physical composition and from ultimate analysis. They are determined through lab 

calculations using calorimeters. Individual waste component energy content is used to determine composite 

energy content. 

Note: Refer to Module 8 for more on Landfills 

Suggested Reading:  

John Pichtel. “Waste Management Practices: Municipal, Hazardous, and Industrial” (Parts I & II). Taylor & Francis Group. 2005. 


