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OVERVIEW 

 

Due to rapid increase in the production and consumption processes, societies 

generate as well as reject solid materials regularly from various sectors – 

agricultural, commercial, domestic, industrial and institutional. The considerable 

volume of wastes thus generated and rejected is called solid wastes.  In other 

words, solid wastes are the wastes arising from human and animal activities that 

are normally solid and are discarded as useless or unwanted. This inevitably 

places an enormous strain on natural resources and seriously undermines 

efficient and sustainable development. One of the ways to salvage the situation 

is through efficient management of solid wastes, and this is the focus of this 
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Course, Management of Municipal Solid Waste. In the 10 Units that constitute 

this Course, we will discuss the processes involved in the management of solid 

wastes – from waste generation to final disposal.   

 

In Unit 1, we will describe solid wastes and introduce you to the classification of 

solid wastes and the functional elements, such as waste generation, storage, 

collection, transport, processing, recovery and disposal, in the management of 

solid wastes. In Units 2 to 7, we will explain with the support of case studies each 

of these functional elements.  In Unit 8, we will explain the treatment of solid 

wastes by incineration and energy recovery from the incineration process.  

Subsequently, in Unit 9, we will deal with the treatment and management of 

hazardous (biomedical) wastes. Finally, in Unit 10, we will discuss the concept of 

integrated waste management.  

 

Unit 1 begins with a description and classification of solid wastes.  It then touches 

upon some basics of solid waste management and the need for environmentally 

sound management practices. It closes with a discussion of the current solid 

waste management (SWM) scenario in India by presenting the effect of temporal 

conditions on the quantity of waste generated, analysing the quantity and 

composition of urban wastes in nine major cities and describing the current 

disposal methods and their influence on public health and environment.  

 

Before you read any further, note that for the purpose of this Course, we use the 

terms solid wastes and solid waste interchangeably. 

 

 

LEARNING OBJECTIVES  

 

After completing this Unit, you should be able to: 

 

 classify solid wastes;   

 explain the functional elements of SWM; 

 assess the current situation of SWM in India. 
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1.1 CLASSIFICATION OF SOLID WASTES 

 

 

Solid wastes are the organic and inorganic waste materials such as product 

packaging, grass clippings, furniture, clothing, bottles, kitchen refuse, paper, 

appliances, paint cans, batteries, etc., produced in a society, which do not 

generally carry any value to the first user(s).  Solid wastes, thus, encompass both 

a heterogeneous mass of wastes from the urban community as well as a more 

homogeneous accumulation of agricultural, industrial and mineral wastes.  While 

wastes have little or no value in one setting or to the one who wants to dispose 

them, the discharged wastes may gain significant value in another setting. 

Knowledge of the sources and types of solid wastes as well as the information on 

composition and the rate at which wastes are generated/ disposed is, therefore, 

essential for the design and operation of the functional elements associated with 

the management of solid wastes.  

 

Solid wastes are classified on the basis of source of generation and type.  We 

will explain these in Subsections 1.1.1 and 1.1.2, respectively.    

 

 
1.1.1 Source-based classification  

 

Historically, the sources of solid wastes have been consistent, dependent on 

sectors and activities (Tchobanoglous, et al., 1977), and these include the 

following:   

 

(i) Residential: This refers to wastes from dwellings, apartments, etc., and 

consists of leftover food, vegetable peels, plastic, clothes, ashes, etc.  

 

(ii) Commercial: This refers to wastes consisting of leftover food, glasses, 

metals, ashes, etc., generated from stores, restaurants, markets, hotels, motels, 

auto-repair shops, medical facilities, etc.  
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(iii) Institutional: This mainly consists of paper, plastic, glasses, etc., 

generated from educational, administrative and public buildings such as schools, 

colleges, offices, prisons, etc.  

 

(iv) Municipal: This includes dust, leafy matter, building debris, treatment 

plant residual sludge, etc., generated from various municipal activities like 

construction and demolition, street cleaning, landscaping, etc. (Note, however, in 

India municipal can typically subsume items at (i) to (iii) above).  

 

(v) Industrial: This mainly consists of process wastes, ashes, demolition and 

construction wastes, hazardous wastes, etc., due to industrial activities. 

 

(vi) Agricultural: This mainly consists of spoiled food grains and vegetables, 

agricultural remains, litter, etc., generated from fields, orchards, vineyards, farms, 

etc.  

(vii)   Open areas: this includes wastes from areas such as Streets, alleys, parks, 

vacant lots, playgrounds, beaches, highways, recreational areas, etc. 

 

It is important to define the various types of solid wastes that are generated from 

various sources (see Subsection 1.1.1), which we will do, next.   

 
1.1.2 Type-based classification  

 

Classification of wastes based on types, i.e., physical, chemical, and biological 

characteristics of wastes, is as follows (Phelps, et al., 1995): 

 

(i) Garbage: This refers to animal and vegetable wastes resulting from the 

handling, sale, storage, preparation, cooking and serving of food. Garbage 

comprising these wastes contains putrescible (rotting) organic matter, which 

produces an obnoxious odour and attracts rats and other vermin. It, therefore, 

requires special attention in storage, handling and disposal.  

 

(ii) Ashes and residues: These are substances remaining from the burning 

of wood, coal, charcoal, coke and other combustible materials for cooking and 

heating in houses, institutions and small industrial establishments.  When 
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produced in large quantities, as in power-generation plants and factories, these 

are classified as industrial wastes.  Ashes consist of fine powdery residue, 

cinders and clinker often mixed with small pieces of metal and glass.  Since 

ashes and residues are almost entirely inorganic, they are valuable in landfills.  

(We will discuss landfills in Unit 4.)  

 

(iii) Combustible and non-combustible wastes: These consist of wastes 

generated from households, institutions, commercial activities, etc., excluding 

food wastes and other highly putrescible material. Typically, while combustible 

material consists of paper, cardboard, textile, rubber, garden trimmings, etc., 

non-combustible material consists of such items as glass, crockery, tin and 

aluminium cans, ferrous and non-ferrous material and dirt. 

 

(iv) Bulky wastes: These include large household appliances such as 

refrigerators, washing machines, furniture, crates, vehicle parts, tyres, wood, 

trees and branches. Since these household wastes cannot be accommodated in 

normal storage containers, they require a special collection mechanism.   

 

(v) Street wastes: These refer to wastes that are collected from streets, 

walkways, alleys, parks and vacant plots, and include paper, cardboard, plastics, 

dirt, leaves and other vegetable matter. Littering in public places is indeed a 

widespread and acute problem in many countries including India, and a solid 

waste management system must address this menace appropriately.   

 

(vi) Biodegradable and non-biodegradable wastes: Biodegradable wastes 

mainly refer to substances consisting of organic matter such as leftover food, 

vegetable and fruit peels, paper, textile, wood, etc., generated from various 

household and industrial activities. Because of the action of micro-organisms, 

these wastes are degraded from complex to simpler compounds. Non-

biodegradable wastes consist of inorganic and recyclable materials such as 

plastic, glass, cans, metals, etc. Table 1.1 below shows a comparison of 

biodegradable and non-biodegradable wastes with their degeneration time, i.e., 

the time required to break from a complex to a simple biological form: 

Table 1.1 



Management of Municipal Solid Waste  

6 

 

Biodegradable and Non-Biodegradable Wastes:  
Degeneration Time 

 

 

 

 

From Table 1.1, we can easily deduce the environmental consequences 

associated with non-biodegradable wastes such as plastics, glass, etc., which we 

will discuss later in Unit 6.   

  

(vii) Dead animals: With regard to municipal wastes, dead animals are those 

that die naturally or are accidentally killed on the road.  Note that this category 

does not include carcasses and animal parts from slaughter-houses, which are 

regarded as industrial wastes.  Dead animals are divided into two groups – large 

and small.  Among the large animals are horses, cows, goats, sheep, pigs, etc., 

and among the small ones are dogs, cats, rabbits, rats, etc.  The reason for this 

differentiation is that large animals require special equipment for lifting and 

handling when they are removed.  If not collected promptly, dead animals pose a 

threat to public health since they attract flies and other  vermin as they decay.  

Their presence in public places is particularly offensive from the aesthetic point of 

view as well. 
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(viii) Abandoned vehicles: This category includes automobiles, trucks and 

trailers that are abandoned on streets and other public places. However, 

abandoned vehicles have significant scrap value for their metal, and their value 

to collectors is highly variable.  

 

(ix) Construction and demolition wastes: These are wastes generated as a 

result of construction, refurbishment, repair and demolition of houses, 

commercial buildings and other structures.  They consist mainly of earth, stones, 

concrete, bricks, lumber, roofing and plumbing materials, heating systems and 

electrical wires and parts of the general municipal waste stream. 

 

(x) Farm wastes: These wastes result from diverse agricultural activities 

such as planting, harvesting, production of milk, rearing of animals for slaughter 

and the operation of feedlots. In many areas, the disposal of animal waste has 

become a critical problem, especially from feedlots, poultry farms and dairies.  

 

(xi) Hazardous wastes: Hazardous wastes are those defined as wastes of 

industrial, institutional or consumer origin that are potentially dangerous either 

immediately or over a period of time to human beings and the environment. This 

is due to their physical, chemical and biological or radioactive characteristics like 

ignitability, corrosivity, reactivity and toxicity. Note that in some cases, the active 

agents may be liquid or gaseous hazardous wastes. These are, nevertheless, 

classified as solid wastes as they are confined in solid containers.  Typical 

examples of hazardous wastes are empty containers of solvents, paints and 

pesticides, which are frequently mixed with municipal wastes and become part of  

the urban waste stream.  Certain hazardous wastes may cause explosions in 

incinerators and fires at landfill sites.  Others such as pathological wastes from 

hospitals and radioactive wastes also require special handling.  Effective 

management practices should ensure that hazardous wastes are stored, 

collected, transported and disposed of separately, preferably after suitable 

treatment to render them harmless.  We will discuss hazardous wastes in detail 

in Unit 9. 
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(xii) Sewage wastes: The solid by-products of sewage treatment are 

classified as sewage wastes.  They are mostly organic and derived from the 

treatment of organic sludge separated from both raw and treated sewages.  The 

inorganic fraction of raw sewage such as grit and eggshells is separated at the 

preliminary stage of treatment, as it may entrain putrescible organic matter with 

pathogens and must be buried without delay.  The bulk of treated, dewatered 

sludge is useful as a soil conditioner but is invariably uneconomical.  Solid 

sludge, therefore, enters the stream of municipal wastes, unless special 

arrangements are made for its disposal. 

 

 

Table 1.2 below summarises our discussion of waste classification based on 

sources of generation and their types: 
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Table 1.2 
Classification of Solid Wastes 
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Having described solid wastes and their classification, we will now discuss some 

of the management aspects of solid wastes in Section 1.2. But, before we do so, 

let us complete Learning Activity 1.1. 

 

 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 

1.2 SOLID WASTE MANAGEMENT (SWM) 

 

 

Solid waste management (SWM) is associated with the control of waste 

generation, its storage, collection, transfer and transport, processing and 

disposal in a manner that is in accordance with the best principles of public 

LEARNING ACTIVITY 1.1 

 

Based on the source and type, classify the waste generated in your locality. 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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health, economics, engineering, conservation, aesthetics, public attitude and 

other environmental considerations.  

 

Put differently, the SWM processes differ depending on factors such as 

economic status (e.g., the ratio of wealth created by the production of primary 

products to that derived from manufactured goods, per capita income, etc.), 

degree of industrialisation, social development (e.g., education, literacy, 

healthcare, etc.) and quality of life of a location.  In addition, regional, seasonal 

and economic differences influence the SWM processes. This, therefore, 

warrants management strategies that are economically viable, technically 

feasible and socially acceptable to carry out such of the functions as are listed 

below (http://ces.iisc.ernet.in/energy/SWMTR/TR85.html): 

 

 Protection of environmental health. 

 Promotion of environmental quality. 

 Supporting the efficiency and productivity of the economy. 

 Generation of employment and income. 

 

SWM has socio-economic and environmental dimensions. In the socio-economic 

dimension, for example, it includes various phases such as waste storage, 

collection, transport and disposal, and the management of these phases has to 

be integrated.  In other words, wastes have to be properly stored, collected and 

disposed of by co-operative management. In addition, poor management of 

wastes on the user side such as disposing of wastes in the streets, storm water 

drains, rivers and lakes has to be avoided to preserve the environment, control 

vector-born diseases and ensure water quality/resource. 

 

Against this background, we will study in Subsection 1.2.1 SWM system. 

 

1.2.1 SWM system 

 

A SWM system refers to a combination of various functional elements associated 

with the management of solid wastes. The system, when put in place, facilitates 

the collection and disposal of solid wastes in the community at minimal costs, 

http://ces.iisc.ernet.in/energy/SWMTR/TR85.html
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while preserving public health and ensuring little or minimal adverse impact on 

the environment. The functional elements that constitute the system are:  

 

(i) Waste generation: Wastes are generated at the start of any process, 

and thereafter, at every stage as raw materials are converted into goods for 

consumption. The source of waste generation, as we touched upon earlier in 

Section 1.1, determines quantity, composition and waste characteristics (see Unit 

2 for details). For example, wastes are generated from households, commercial 

areas, industries, institutions, street cleaning and other municipal services. The 

most important aspect of this part of the SWM system is the identification of 

waste.   

 

(ii) Waste storage: Storage is a key functional element because collection of 

wastes never takes place at the source or at the time of their generation. The 

heterogeneous wastes generated in residential areas must be removed within 8 

days due to shortage of storage space and presence of biodegradable material. 

Onsite storage is of primary importance due to aesthetic consideration, public 

health and economics involved. Some of the options for storage are plastic 

containers, conventional dustbins (of households), used oil drums, large storage 

bins (for institutions and commercial areas or servicing depots), etc.  Obviously, 

these vary greatly in size, form and material. We shall discuss waste storage in 

detail in Unit 3.  

(iii) Waste collection: This includes gathering of wastes and hauling them to 

the location, where the collection vehicle is emptied, which may be a transfer 

station (i.e., intermediate station where wastes from smaller vehicles are 

transferred to larger ones and also segregated), a processing plant or a disposal 

site. Collection depends on the number of containers, frequency of collection, 

types of collection services and routes. Typically, collection is provided under 

various management arrangements, ranging from municipal services to 

franchised services, and under various forms of contracts.  

 

Note that the solution to the problem of hauling is complicated. For instance, 

vehicles used for long distance hauling may not be suitable or particularly 

economic for house-to-house collection. Every SWM system, therefore, requires 
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an individual solution to its waste collection problem, and we will explain this in 

Unit 3.  

 

(iv) Transfer and transport: This functional element involves: 

 

 the transfer of wastes from smaller collection vehicles, where necessary 

to overcome the problem of  narrow access lanes, to larger ones at transfer 

stations;  

 the subsequent transport of the wastes, usually over long distances, to 

disposal sites. 

 

The factors that contribute to the designing of a transfer station include the type 

of transfer operation, capacity, equipment, accessories and environmental 

requirements. We will discuss these in Unit 3. 

 

(v) Processing: Processing is required to alter the physical and chemical 

characteristics of wastes for energy and resource recovery and recycling. The 

important processing techniques include compaction, thermal volume reduction, 

manual separation of waste components, incineration and composting. We will 

discuss the various functions involved in waste processing in detail in Unit 5.  

 

(vi) Recovery and recycling: This includes various techniques, equipment 

and facilities used to improve both the efficiency of disposal system and recovery 

of usable material and energy. Recovery involves the separation of valuable 

resources from the mixed solid wastes, delivered at transfer stations or 

processing plants.  It also involves size reduction and density separation by air 

classifier, magnetic device for iron and screens for glass. The selection of any 

recovery process is a function of economics, i.e., costs of separation versus the 

recovered-material products.  Certain recovered materials like glass, plastics, 

paper, etc., can be recycled as they have economic value. We will discuss the 

various aspects of recovery and recycling, respectively, in Units 6 and 7.  

 

(vii) Waste disposal: Disposal is the ultimate fate of all solid wastes, be they 

residential wastes, semi-solid wastes from municipal and industrial treatment 
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plants, incinerator residues, composts or other substances that have no further 

use to the society. Thus, land use planning becomes a primary determinant in 

the selection, design and operation of landfill operations. A modern sanitary 

landfill is a method of disposing solid waste without creating a nuisance and 

hazard to public health. Generally, engineering principles are followed to confine 

the wastes to the smallest possible area, reduce them to the lowest particle 

volume by compaction at the site and cover them after each day’s operation to 

reduce exposure to vermin. One of the most important functional elements of 

SWM, therefore, relates to the final use of the reclaimed land.  

 

In Figure 1.1 below, we show you a typical SWM system with its functional 

elements and linkages:  

 

Figure 1.1 
Typical SWM System: Functional Elements 
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You must, however, note that all the elements and linkages shown in Figure 1.1 

need not necessarily be always present in a SWM system. Being generic in its 

form, this system is applicable to all regions, irrespective of their relative state of 

development (Tchobanoglous, et al., 1977). 

LEARNING ACTIVITY 1.2 

 
Which functional elements do you think are needed for SWM in your locality? 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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1.2.2  ESSWM and EST   

 

We must recognise that each functional element discussed in Subsection 1.2.1 is 

closely interconnected to minimise adverse impact of wastes on the environment 

and to maximise the ecosystem carrying capacity. To derive optimal benefits 

from this, we must apply environmentally sound solid waste management 

(ESSWM).  This is an integrated approach for controlling and preserving the 

resources, both in quantity and quality. To improve environmental quality and 

achieve sustainable development, it is necessary we use EST – environmentally 

sound technologies (Matsumoto, et al., 2000).  We will describe ESSWM and 

EST, next.  

 

Environmentally sound solid waste management (ESSWM) 
 

In any waste or resource management system, we must pay attention to the 

interaction between human activities and the ecosystem. We have to recognise 

that human activities including consumption of goods/services, production of 

wastes, etc., have a serious impact on the carrying capacity of the ecosystem. 

This in turn affects human health, as the environment deteriorates. The 

fundamental principles of ESSWM, which take into account economic and social 

issues along with environmental impact consideration, include the following:   

 

 To ensure sustainable development of the ecosystem and human 

environment. 

 To minimise the impact of human activities on the environment. 

 To minimise the impact on the environment and maximise the ecosystem’s 

carrying capacity.  

 To ensure the implementation of ESSWM through environmentally sound 

technologies.   

 

Environmentally sound technologies (EST) 

 

EST refers to cost effective and energy efficient technologies, which generally 

perform better on the environment, as they do not pollute the ecosystem’s vital 
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components such as air, land or water and consider the reuse, recycling or 

recovery of wastes.  EST can be categorised broadly as follows:  

 

 Hard EST: This includes equipment, machines and other infrastructure with 

their material accessories to handle waste products and monitor/measure the 

quality of air, water and soil.  

 Soft EST: This supports and complements hard technologies and include 

nature-based technologies and management tools. Nature-based technologies 

include processes and mechanisms nature uses within a specific ecosystem 

(such as vermin composting) and its carrying capacity, while management tools 

include system and procedures, policy and regulatory frameworks, and 

environmental performance standards and guidelines. 

 

Note that, as implied above, hard and soft technologies complement one another 

to achieve the goal. 

 

EST is selected based on the following generic criteria, the indicators of which 

may vary depending on the regions in which they are implemented:  

  

 Affordability:  This means low investment, reasonableness, maintenance-

free and durability. 

 Validity:  This refers to effectiveness, easy operation and maintenance. 

Sustainability: This means low impact, energy saving and cultural acceptability.  

 

Examples of EST for collection and transfer of Waste 

Set-out container is one of the major factors that most collection system depends 

on. This is usually a paper or plastic bag, or a metal or plastic garbage or kraft 

paper bags in a metal or wooden frame. Set-out containers of rural areas include 

bags, pots, plastic or paper bags, cane or reed baskets, concrete or brick vats, 

urns, boxes, clay jars, or any kind of container available.  

 

Non-compactor trucks are more efficient and cost-effective than compactor 

trucks in small cities and in areas where wastes tend to be very dense and have 
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little potential for compaction. The use of lighter, more energy- efficient box-

trucks, vans, and dump trucks can be appropriate for sparsely populated areas, 

where the main constraint on collection efficiency is distance. 

 

Transfer trailers or compacting vehicles can carry larger volumes of MSW than 

regular collection trucks, which allow them to travel longer distances carrying 

more waste. This lowers fuel costs, increases labour productivity, and saves on 

vehicle wear. 

 

1.2.3 Factors affecting SWM system 

 

Many factors influence the decision-making process in the implementation of a 

SWM system (Phelps, et al., 1995). Some of the factors that need to be 

considered in developing a SWM system are listed below: 

 

(i) Quantities and characteristics of wastes: The quantities of wastes 

generated generally depend on the income level of a family, as higher income 

category tends to generate larger quantity of wastes, compared to low-income 

category. The quantity ranges from about 0.25 to about 2.3 kg per person per 

day, indicating a strong correlation between waste production and per capita 

income.  One of the measures of waste composition (and characteristics) is 

density, which ranges from 150 kg/m3 to 600 kg/m3.  Proportion of paper and 

packaging materials in the waste largely account for the differences.  When this 

proportion is high, the density is low and vice versa.  The wastes of high density 

reflect a relatively high proportion of organic matter and moisture and lower 

levels of recycling. 

 

(ii) Climate and seasonal variations: There are regions in extreme north (> 

70  N Latitude) and south (> 60  S Latitude), where temperatures are very low 

for much of the year. In cold climates, drifting snow and frozen ground interfere 

with landfill operations, and therefore, trenches must be dug in summer and 

cover material stockpiled for winter use. Tropical climates, on the other hand, are 

subject to sharp seasonal variations from wet to dry season, which cause 

significant changes in the moisture content of solid waste, varying from less than 
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50% in dry season to greater than 65% in wet months.  Collection and disposal of 

wastes in the wet months are often problematic.  

 

High temperatures and humidity cause solid wastes to decompose far more 

rapidly than they do in colder climates.  The frequency of waste collection in high 

temperature and humid climates should, therefore, be higher than that in cold 

climates. In sub-tropical or desert climate, there is no significant variation in 

moisture content of wastes (due to low rainfall) and low production of leachate 

from sanitary landfill.  High winds and wind blown sand and dust, however, cause 

special problems at landfill sites. While temperature inversions can cause 

airborne pollutants to be trapped near ground level, landfill sites can affect 

groundwater by altering the thermal properties of the soil.  

 

(iii) Physical characteristics of an urban area: In urban areas (i.e., towns 

and cities), where the layout of streets and houses is such that access by 

vehicles is possible and door-to-door collection of solid wastes is the accepted 

norm either by large compaction vehicle or smaller vehicle. The picture is, 

however, quite different in the inner and older city areas where narrow lanes 

make service by vehicles difficult and often impossible.  Added to this is the 

problem of urban sprawl in the outskirts (of the cities) where population is 

growing at an alarming rate. Access ways are narrow, unpaved and tortuous, and 

therefore, not accessible to collection vehicles.  Problems of solid waste storage 

and collection are most acute in such areas. 

 

(iv) Financial and foreign exchange constraints: Solid waste management 

accounts for sizeable proportions of the budgets of municipal corporations. This 

is allocated for capital resources, which go towards the purchase of equipments, 

vehicles, and fuel and labour costs. Typically, 10% to 40% of the revenues of 

municipalities are allocated to solid waste management. In regions where wage 

rates are low, the aim is to optimise vehicle productivity. The unfavourable 

financial situation of some countries hinders purchase of equipment and vehicles, 

and this situation is further worsened by the acute shortage of foreign exchange. 

This means that the balance between the degree of mechanisation and the size 
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of the labour force becomes a critical issue in arriving at the most cost-effective 

solution. 

 

(v) Cultural constraints: In some regions, long-standing traditions preclude 

the intrusion of waste collection on the precincts of households, and therefore, 

influence the collection system. In others, where the tradition of caste persists, 

recruits to the labour force for street cleaning and handling of waste must be 

drawn from certain sections of the population, while others will not consent to 

placing storage bins in their immediate vicinity. Social norms of a community 

more often than not over-ride what many may consider rational solutions. Waste 

management should, therefore, be sensitive to such local patterns of living and 

consider these factors in planning, design and operation.  

 

(vi) Management and technical resources: Solid waste management, to be 

successful, requires a wide spectrum of workforce in keeping with the demands 

of the system. The best system for a region is one which makes full use of 

indigenous crafts and professional skills and/or ensures that training programmes 

are in place to provide a self-sustaining supply of trained workforce. 
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1.3 SWM:  THE INDIAN SCENARIO 

 

 

The problem of municipal solid waste management has acquired alarming 

dimensions in India especially over the last decade, before which waste 

management was hardly considered an issue of concern as the waste could be 

easily disposed of in an environmentally safe manner. However, with time, due to 

changing lifestyles of people coupled with unplanned developmental activities, 

urbanisation and industrialisation, the waste quantity and characteristics have 

LEARNING ACTIVITY 1.3 

 

Explain the role of environmental sound management and technologies in 
the context of the SWM system. 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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changed, and as a result, managing solid wastes has become torturous (Ogawa, 

1989, Attarwalla, 1993, Vagale, 1997 and Development, 1999).   

 

The physical and chemical characteristics of Indian city refuse, nonetheless, 

show that about 80% of it is compostable and ideal for biogas generation due to 

adequate nutrients (NPK), moisture content of 50-55% and a carbon-to-nitrogen 

ratio of 25-40:1. Therefore, the development of appropriate technologies for 

utilisation of wastes is essential to minimise adverse health and environmental 

consequences. 

 

Against this backdrop, let us discuss below the quantum of wastes generated in 

India, their composition, disposal methods, recycling aspects, and health and 

environment impacts:  

 

(i) Waste quantum: The per capita waste generation rate is about 500 

g/day. This along with increased population has contributed to higher total waste 

generation quantum, as shown in Table 1.3, adding to the problems of 

municipalities: 

    

 
 
 
Table 1.3 
Waste Generation Statistics 

 

Year 

 
Per capita waste                         
generated (g/day) 
 

Total urban municipal 
waste generated (Mt/year) 

1971 375 14.9 

1981 430 25.1 

1991 460 43.5 

2000 500 48.8 

2010 600 ~70.2 

 

During the last decade, garbage was generated in India at nearly twice the rate 

of the population growth. Estimates of the solid wastes generated in Indian towns 
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and cities (299 Class I cities with >100,000 in population and 345 Class II towns) 

range from 52,000 tonnes to 85,000 tonnes of city garbage every day (while 

Delhi alone produces 4500-5000 tonnes of municipal solid waste per day). Out of 

this, only 2,832 tonnes get various types of treatment. In addition, studies in 9 

major metropolitan centres in India indicate that the quantum of wastes 

generated ranges from 1000 tonnes per day in Patna to 5800 tonnes per day in 

Mumbai, out of which 80-85% is collected, and the rest is left unattended.  

  

Table 1.4 presents the details about the garbage generated and cleared, and the 

annual municipal budget in nine major Indian cities:  

 

 

Table 1.4 
Urban Waste Situation in Nine Major Indian Cities  

 

Major 
Cities 

Garbage 
Generated 
(Tonnes 
per Day) 

Garbage Cleared 
(Tonnes per Day) 

Annual 
Municipal 
Budget 
(Rs. in 
crores)* 

Delhi 3880  2420 1016.28 

Kolkata 3500  3150 250.00 

Mumbai 5800  5000 2436.00 

Bangalore 2130 1800 237.00 

Chennai 2675 2140 145.00 

Lucknow 1500 1000 48.00 

Patna 1000 300 15.00 

Ahmedabad 1500 1200 270.00 

Surat 1250 1000 170.00 

 
Source: Integrated Modeling of Solid Waste in India (March, 1999) CREED Working Paper Series 
no 26 
* 1 crore = 10 million 

 

(ii) Waste composition: Studies reveal that the percentage of the organic 

matter has remained almost static at 41% in the past 3 decades, but the 

recyclables have increased from 9.56% to 17.18% as shown in Table 1.5 below:   
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Table 1.5 
Physico-chemical Characteristics of Municipal Solid Waste 

 

Component 
Percentage on wet weight basis 

1971-73 
(40 cities) 

1995 
(23 cities) 

Paper 4.14 5.78 

Plastics 0.69 3.90 

Metals 0.50 1.90 

Glass 0.40 2.10 

Rags 3.83 3.50 

Ash and fine earth 49.20 40.30 

Total compostable matter 41.24 41.80 

 
Source: Integrated Modeling of Solid Waste in India (March, 1999) CREED Working Paper Series 
no 26 and CPCB, 1999. Status of Solid Waste Generation, Collection and Disposal in Metropolis 
(cups/46,1999-2000) 

 

Garbage in Indian cities is estimated to contain about 45-75% biodegradable 

waste (as against 25% of US city-garbage) with 50-55% moisture; 35-45% being 

fruits, vegetable and food biomass; and 8-15% non-organic materials like plastic, 

metal, glass, stones, etc. 

 

Among various recyclables, plastics have had a quantum jump from 0.69% to 

3.9%, i.e., more than a five-fold increase within last twenty years. Plastics due to 

their unique properties of flexibility, high impact strength, resistance to corrosion 

and rigidity have replaced valuable natural resources like wood and metals, 

resulting in a ten-fold increase during the last decade. Of the current 

consumption of 1.9 million tonnes of plastics, 15% are from the packaging sector, 

as packaging materials reach the waste bin as a post-consumer waste. Much of 

this does not have a recycling value, and hence its disposal without any 

treatment. 

 

Refuse from Indian cities also contains high organic and low combustible matter, 

if the studies carried out in six cities are of any indication.  Presenting the findings 

of these studies, Table 1.6 below shows that the highest organic content is found 

in Bangalore waste (75%) and the lowest in Kolkata (46%) 
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Table 1.6 
Composition of Urban Solid Waste in Indian Cities (Percentage by weight)  

 

City Paper Metals Glass Textiles Plastic* 
Ash 
and Dust 

Organics Others** 

Chennai 5.90 0.70 - 7.07 - 16.35 56.24 13.74 

Delhi 5.88 0.59 0.31 3.56 1.46 22.95 57.71 7.52 

Kolkata 0.14 0.66 0.24 0.28 1.54 33.58 46.58 16.98 

Bangalore 1.50 0.10 0.20 3.10 0.90 12.00 75.00 7.20 

Ahmedabad 5.15 0.80 0.93 4.08 0.69 29.01 48.95 10.39 

Mumbai 3.20 0.13 0.52 3.26 - 15.45 59.37 18.07 

 

Source: Integrated Modeling of Solid Waste in India (March, 1999) CREED Working Paper Series 
No 26. * Includes rubber and leather. ** Includes bones, stones and wooden matter 

 

 

 (iii) Waste disposal methods: Waste disposal is the final stage of the waste 

management cycle. About 90% of the municipal waste collected by the civic 

authorities in India is dumped in low-lying areas outside the city/town limits, 

which have no provision of leachate collection and treatment, and landfill gas 

collection and use, as Table 1.7 below indicates:  

 

Table 1.7 
Waste Disposal Trends in India 

 

 
Waste disposal method 

 

 
1971- (40 cities) 

 
1991 (23 cities) 
and 1999 

Land dumping Almost all 89.8% 

Composting - 8.6% 

Others (Pelletisation, 
Vermi-composting) 

- 1.6% 

 

Source: CPCB, 1999. Status of Solid Waste Generation, Collection and Disposal in Metropolis 
(cups/46,1999-2000)  

 

As a result, leachate containing heavy metals finds its way to the underground 

water, rendering it unfit for drinking. The landfill gas escapes into the 
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atmosphere, adding to the greenhouse emissions, which otherwise could be 

used as thermal fuel. Solid waste management can be an income generating 

activity with cost benefits (the non-use of materials that would otherwise be 

required for the two activities, e.g., in the case of power generation, the use of 

wastes instead of conventional fuels). However, since the Indian city refuse has a 

low calorific value with high moisture content and quantity of non-combustibles, it 

is not suitable for incineration, and currently none of the municipal corporations in 

India runs a full-scale incineration plant. The potential for power generation from 

urban municipal wastes is tremendous, estimated to generate up to 1000 MW of 

electricity.  

 

(iv) Recycling: This involves collection of recyclables from various sources, 

which ultimately reach recycling units. It is estimated that about 40-80% of plastic 

waste gets recycled in India, as compared to 10-15% in the developed nations of 

the world. However, due to lack of suitable government policies, incentives, 

subsidies, regulations, standards, etc., related to recycling, this industry is still far 

behind its western counterparts in terms of technology and quality of 

manufactured goods. Nevertheless, recycling in India is a highly organised and 

profit-making venture, though informal in nature. 

 

(v) Health impacts: Due to the absence of standards and norms for handling 

municipal wastes, municipal workers suffer occupational health hazards of waste 

handling. At the dumpsites in the city of Mumbai, for example, 95 workers were 

examined and it was found that about 80% of them had eye problems, 73% 

respiratory ailments, 51% gastrointestinal ailments and 27% skin lesions. Also, 

municipal workers and rag pickers who operate informally for long hours 

rummaging through waste also suffer from similar occupational health diseases 

ranging from respiratory illnesses (from ingesting particulates and bio-aerosols), 

infections (direct contact with contaminated material), puncture wounds (leading 

to tetanus, hepatitis and HIV infection) to headaches and nausea, etc. Studies 

among the 180 rag pickers at open dumps of Kolkata city reveal that average 

quarterly incidence of diarrhoea was 85%, fever 72% and cough and cold 63%.  
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(vi) Environmental impacts: In addition to occupational health, injury issues 

and environmental health also need to be mentioned in the context of waste 

management. Contaminated leachate and surface run-off from land disposal 

facilities affects ground and surface water quality. Volatile organic compounds 

and dioxins in air-emissions are attributed to increasing cancer incidence and 

psychological stress for those living near incinerators or land disposal facilities. 

Drain clogging due to uncollected wastes leading to stagnant waters and 

subsequent mosquito vector breeding are a few of the environmental health 

issues, which affect the waste workers as well as the public. The pneumonic 

plague that broke out in November 1994 in India (Surat, Gujarat) is a typical 

example of solid waste mismanagement. 

1.3.1 Progress of MSW management in India 

 Over the years, the problems faced due to MSW were highlighted by civic and 

environmental activists. This resulted in framing rules for MSW in the year 

2000(MSWM, 2000; GOI, see Annexure 1) which are directed by the Supreme 

Court and MoEF. In October 2004, specific directions to the larger cities to meet 

the requirements of these rules were issued by Supreme Court. In 2005 Ministry 

of Urban Development giving priority to MSWM has allocated grants to the tunes 

of Rs 25000 million covering 423 classes I towns as part of 12th finance 

committee. 

 

Let us now discuss about preparation of Detailed Project Report for managing 

solid waste at local levels. 

 

1.3.1.1 Guidelines for preparation of detailed project reports for MSWM 

using 12th finance commission grants1. 

 

Detailed Project Report (DPR) needs to be prepared as per the guidelines laid 

down in the Manual on SWM, which include:  

a) Existing status of SWM in the towns including mechanism and 

infrastructure for collection, transportation, treatment and disposal. The details 

include existing equipment/machinery and the infrastructure available with ULB 
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with the condition and its age. The mechanism & O/M of the equipment available, 

present establishment expenditure, technical and non-technical manpower 

available.  

b) Field study be carried out in commercial / institutional and residential 

areas to assess the quantity of garbage generated in the city before planning the 

system and report of the field study be included in the DPR.  

c) Complete physical characterization of waste, including moisture content, 

density, etc. as well as weight and  volume of quantity of bio-degradable, non 

bio-degradable and  recyclables available in the waste produced in the town 

everyday and test report for quality of garbage from a standard test laboratory .  

d) Existing system of collection, storage, transportation, processing, 

treatment and disposal of waste and proposed system of collection, 

transportation and process of treatment and  disposal, fully justifying the process 

adopted including in-house facility of maintenance and repair if available in ULB.  

e) Justification for equipment & machinery required, if any, for collection and 

transportation based on the time and motion study in order to ensure optimum 

utilization of the same.  

f) Detailed designs and  drawing of proposed Solid Waste Management 

System including sanitary landfill / waste processing plants should be included in 

the DPR. Details of the survey and geo-hydrological investigation carried out for 

development of sanitary land fill.  

g) Mechanism of operation and  maintenance of equipment and  machinery 

and its upkeep, preventive maintenance on regular basis for existing and 

proposed equipment and  machinery.  

h) Mechanism of operation and maintenance of sanitary land fill / waste 

processing plant on self sustaining basis including details of engagement of 

private sector, if any.  

i) A routing plan for storage and collection of garbage, marked out on the 

city’s layout plan, to facilitate easy operations in SWM services.  

j) Proposed institutional and financial reform after completion of scheme.  

k) An action plan for effective O/M through imposition of user charges.  

                                                                                                                                     
1
 Twelfth Finance Commission Grant – Grant to Village Panchayats for Operation and Maintenance 

costs of Water Supply, Street Lighting and Sanitation – Release of first instalment of Rs.87.00 
crores to Rural Local Bodies for the year 2009-2010 
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l) Details of suitable land for setting up of integrated waste management 

facility in possession including land for sanitary landfill  

While preparing the detailed project report for any city / town, the guidelines laid 

down in the Manual on Municipal Solid Waste Management published by this 

Ministry in May, 2000 should be considered and each component of the project 

prepared as per the norms laid down therein.  

 Source: 

http://www.urbanindia.nic.in/quickaccess/guidelineofschemes/GUIDELINES.pdf    

 

 

 

 

 

 

http://www.urbanindia.nic.in/quickaccess/guidelineofschemes/GUIDELINES.pdf
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SUMMARY 

 

In this Unit, we described solid waste and its flow pattern and classified wastes 

on the basis of source and type, and in that context, discussed residential, 

commercial, municipal, institutional, industrial and agricultural sectors as major 

sources of waste generation. Based on the type, we classified wastes as 

garbage, ashes, street wastes, etc., that indicate the physical, chemical and 

biological characteristics of wastes. We said that knowledge of these 

characteristics is important in evaluating alternative equipment needs, systems, 

LEARNING ACTIVITY 1.4 

 

What is the composition of waste in your locality and have you seen any 
significant change during the last few years? 
 
Note: 
a) Write your answer in the space given below. 
b) Check your answer with the one given at the end of this Unit. 
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and management programmes and plans, especially with respect to the 

implementation of disposal, and resource and energy recovery options.  

 

We pointed out that the objective of SWM is to minimise the negative 

environmental effects and identified the functional elements of SWM as waste 

generation, storage, transfer and transport, processing, reuse and recycling and 

final disposal. We have also briefly mentioned Guidelines for preparation of 

detailed project reports for MSWM using 12th finance commission grants. These 

reports are useful in towns, urban areas for sound management of solid waste. 

We also said that SWM has economic, social and environmental dimensions. In 

the context of the socio-economic dimension, we discussed such phases as 

waste storage, collection, transport and disposal, which are to be integrated. For 

effective implementation of integrated approaches to management, we said that 

we require environmentally sound management and technologies for controlling 

and preserving the resources, both in quantity and quality.  

 

After explaining the functional elements, we discussed the various factors such 

as quantity and characteristics of waste, climatic and seasonal variations, 

physical characteristics of urban areas, financial constraints, cultural constraints 

and management and technical resources, which affect decision-making in solid 

waste management system. Finally, we illustrated solid waste and its 

management issues, using the Indian scenario as a case.  
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Annexure 1 

[Rules 6(1) and (3), 7(1)]  

Municipal Solid Wastes Management, 2000 (MSWM, 2000), Government of India  

S.no Parameters  Compliance criteria  

1. Collection of 
municipal solid 
wastes 

1. Littering of municipal solid waste shall be prohibited in 
cities, towns and in urban areas notified by the State 
Governments. To prohibit littering and facilitate 
compliance, the following steps shall be taken by the 
municipal authority, namely :-  

i. Organising house-to-house collection of municipal solid 
wastes through any of the methods, like community bin 
collection (central bin), house-to-house collection, 
collection on regular pre-informed timings and scheduling 
by using bell ringing of musical vehicle (without 
exceeding permissible noise levels);  

ii. Devising collection of waste from slums and squatter 
areas or localities including hotels, restaurants, office 
complexes and commercial areas;  

iii. Wastes from slaughter houses, meat and fish markets, 
fruits and vegetable markets, which are biodegradable in 
nature, shall be managed to make use of such wastes;  

iv. Bio-medical wastes and industrial wastes shall not be 
mixed with municipal solid wastes and such wastes shall 
follow the rules separately specified for the purpose;  

v. Collected waste from residential and other areas shall 
be transferred to community bin by hand-driven 
containerised carts or other small vehicles;  

vi. Horticlutural and construction or demolition wastes or 
debris shall be separately collected and disposed off 
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following proper norms. Similarly, wastes generated at 
dairies shall be regulated in accordance with the State 
laws;  

vii. Waste (garbage, dry leaves) shall not be burnt;  

viii. Stray animals shall not be allowed to move around 
waste storage facilities or at any other place in the city or 
town and shall be managed in accordance with the State 
laws. 

2. The municipal authority shall notify waste collection 
schedule and the likely method to be adopted for public 
benefit in a city or town.  

3. It shall be the responsibility of generator of wastes to 
avoid littering and ensure delivery of wastes in 
accordance with the collection and segregation system to 
be notified by the municipal authority as per para 1(2) of 
this Schedule.  

2. Segregation of 
municipal solid 
wastes 

In order to encourage the citizens, municipal authority 
shall organise awareness programmes for segregation of 
wastes and shall promote recycling or reuse of 
segregated materials.  

The municipal authority shall undertake phased 
programme to ensure community participation in waste 
segregation. For this purpose, regular meetings at 
quarterly intervals shall be arranged by the municipal 
authorities with representatives of local resident welfare 
associations and non-governmental organizations.  

3. Storage of 
municipal solid 
wastes 

Municipal authorities shall establish and maintain storage 
facilities in such a manner as they do not create 
unhygienic and insanitary conditions around it. Following 
criteria shall be taken into account while establishing and 
maintaining storage facilities, namely :-  

i. Storage facilities shall be created and established by 
taking into account quantities of waste generation in a 
given area and the population densities. A storage facility 
shall be so placed that it is accessible to users;  

ii. Storage facilities to be set up by municipal authorities 
or any other agency shall be so designed that wastes 
stored are not exposed to open atmosphere and shall be 
aesthetically acceptable and user-friendly;  

iii. Storage facilities or 'bins' shall have 'easy to operate' 
design for handling, transfer and transportation of waste. 
Bins for storage of bio-degradable wastes shall be 
painted green, those for storage of recyclable wastes 
shall be printed white and those for storage of other 
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wastes shall be printed black;  

iv. Manual handling of waste shall be prohibited. If 
unavoidable due to constraints, manual handling shall be 
carried out under proper precaution with due care for 
safety of workers.  

4. Transportation of 
municipal solid 
wastes 

Vehicles used for transportation of wastes shall be 
covered. Waste should not be visible to public, nor 
exposed to open environment preventing their scattering. 
The following criteria shall be met, namely:-  

i. The storage facilities set up by municipal authorities 
shall be daily attended for clearing of wastes. The bins or 
containers wherever placed shall be cleaned before they 
start overflowing;  

ii. Transportation vehicles shall be so designed that 
multiple handling of wastes, prior to final disposal, is 
avoided.  

5. Processing of 
municipal solid 
wastes 

Municipal authorities shall adopt suitable technology or 
combination of such technologies to make use of wastes 
so as to minimize burden on landfill. Following criteria 
shall be adopted, namely:-  

(i) The biodegradable wastes shall be processed by 
composting, vermicomposting, anaerobic digestion or 
any other appropriate biological processing for 
stabilization of wastes. It shall be ensured that compost 
or any other end product shall comply with standards as 
specified in Schedule-IV;  

ii. Mixed waste containing recoverable resources shall 
follow the route of recycling. Incineration with or without 
energy recovery including pelletisation can also be used 
for processing wastes in specific cases. Municipal 
authority or the operator of a facility wishing to use other 
state-of-the-art technologies shall approach the Central 
Pollution Control Board to get the standards laid down 
before applying for grant of authorisation.  

6. Disposal of 
municipal solid 
wastes  

Land filling shall be restricted to non-biodegradable, inert 
waste and other waste that are not suitable either for 
recycling or for biological processing. Land filling shall 
also be carried out for residues of waste processing 
facilities as well as pre-processing rejects from waste 
processing facilities. Land filling of mixed waste shall be 
avoided unless the same is found unsuitable for waste 
processing. Under unavoidable circumstances or till 
installation of alternate facilities, land-filling shall be done 
following proper norms. Landfill sites shall meet the 
specifications as given in Schedule -III. 
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Lecture 1 
 

Model Answers to Learning Activities 
 

LEARNING ACTIVITY 1.1 
 

I reside in ward no. 89 of Bangalore (Karnataka, India), which is a residential 

area and has a population of 29,440. It has 2 colleges, 3 schools, 1 hospital and 

few commercial establishments. Based on source and type of wastes generated 

in my ward, they can be classified as follows: 

 

(i) Based on source: 

 

Residential: Consisting of single and multi-storied buildings (food leftovers, 

vegetable peels, plastics, clothes, etc.). 

Commercial: Consisting of provision stores, hospital wastes and auto repair 

shops (food leftovers, glasses, metals, etc.). 

Institutional: Consisting of schools and colleges (paper, plastics, glasses, etc.). 

Municipal: Consisting of wastes from demolition and construction activities 

(dust, building debris, etc.). 

 

(ii)  Based on type: 

 

 Garbage (food wastes, vegetable peels, etc.). 

 Ashes and residue. 

 Combustible and noncombustible wastes (plastics, textiles, glass, etc.). 

 Bulky wastes (tires, trees, branches, crates, etc.). 

 Street wastes (dirt, leaves, etc.). 
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 Dead animals (due to natural or accidental death, e.g., dogs, cats, cattle, 

etc.). 

 Construction and demolition wastes (rubber, concrete, plaster, bricks, etc.). 

 

LEARNING ACTIVITY 1.2 

 

Currently, the functional elements in my locality are waste generation, storage, 

collection and disposal.  

 

Improvements can be made on the existing functional elements by the addition of 

transport and processing. Since our locality is mostly residential, the quantity of 

biodegradable waste generated is high. It is, therefore, important that wastes are 

collected at least three times a week. In order to combat the problems of narrow 

access ways, a transfer station can be set up, which could be a small area along 

the street, where collectors transfer wastes from smaller trucks or pushcarts to 

bigger vehicles. Segregation of wastes can be done at the transfer station, and 

depending on the waste, they can be disposed of in landfills.  

 

LEARNING ACTIVITY 1.3 

 

Environmentally sound management is an integrated approach for controlling 

and preserving the resources, both in quantity and quality.  Its role is to ensure 

sustainable development of the ecosystem and human environment by 

minimising the effects of human activities.  

 

Environmental sound technologies  (EST) are cost effective and energy efficient 

and they do not pollute the ecosystem’s vital components such as air, land or 

water. EST can be categorised broadly as hard and soft. Hard ESTs include 

equipment, machines and other infrastructure with their material accessories, to 

handle waste products and monitor and measure environmental quality in the air, 

water and soil. Soft EST support and complement hard technologies and include 

nature-based technologies and management tools.  
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LEARNING ACTIVITY 1.4 
 

Waste composition in our locality consists of wet waste and dry waste. Wet 

waste constitutes 60% of the solid waste generated, e.g., food wastes, vegetable 

peels, etc. Dry waste constitutes the remaining 40% of the solid wastes, i.e., 

paper 12%, plastics 14%, glass 4%, rubber 1%, battery and expired medicines 

2%, iron 1%, dust 5% and cardboard boxes 1%. 

 

There has been an increase in the number of residential dwellings in our locality. 

Due to the increase in population, the quantity of wet wastes (e.g., food leftovers, 

vegetable peels, etc.) and dry wastes (e.g., plastics, paper, etc.) have also 

increased, but the percentage of generation remains constant. The waste 

generated per person is 0.35 kg per capita per day. 


