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ABSTRACT 

Solid waste management is one of the major challenges faced by many countries around the globe. Inadequate 

collection, recycling or treatment and uncontrolled disposal of waste in dumps can lead to severe hazards, such 

as health risks and environmental pollution.  

Solid waste management is one among the basic essential services provided by municipal authorities in the 

country to keep urban centres clean. However, it is among the most poorly rendered services in the basket—the 

systems applied are unscientific, outdated and inefficient; population coverage is low; and the poor are 

marginalized. 

Waste is littered all over leading to insanitary living conditions. Municipal laws governing the urban local 

bodies do not have adequate provisions to deal effectively with the ever- growing problem of solid waste 

management. With rapid urbanization, the situation is becoming critical. The urban population has grown 

fivefold in the last six decades with 285.35 million people living in urban areas as per the 2001 Census. 

This paper is an attempt to understand the very causes of inadequacy and insufficiency in services resulting in 

poor SWM systems. The paper also throws light on the alternative solutions to cater to the problem situation.  

The management of solid waste typically involves its collection, transport, processing and recycling or disposal.  

Collection includes the gathering of solid waste and recyclable materials, and the transport of these materials, 

after collection, to the location where the collection vehicle is emptied. This location may be a material 

processing facility, a transfer station or a landfill disposal site.  

Waste disposal today is done primarily by land filling or closure of existing dump sites. Modern sanitary 

landfills are not dumps; they are engineered facilities used for disposing of solid wastes on land without 

creating hazards to public health or safety, such as the breeding of insects and the contamination of ground 

water. 
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I. INTRODUCTION 

Solid waste can broadly be classified into two categories. According to Indian MSW, Rules 2000 "Municipal 

Solid Waste" includes commercial and domestic wastes generated in a municipal or notified area in either solid 

or semi-solid form excluding industrial hazardous wastes but including treated bio-medical wastes. Solid waste 

also includes hazardous waste generated by various industries.  
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Municipal Solid Waste (MSW) can further be classified into biodegradable waste (such as food and kitchen 

waste); recyclable materials (such as paper, glass, bottles, metals and certain plastics) and domestic hazardous 

waste (such as medication, chemicals, light bulbs and batteries).  

 

II. REASONS FOR INADEQUACY AND INEFFICIENCY IN SERVICES 

 

Lack of interest amongst Municipal Authorities: Though municipal authorities have held the responsibility of 

managing solid waste from their inception over three centuries ago, the issue seldom got the attention it 

deserved. Elected representatives as well as the municipal authorities generally relegate the responsibility of 

managing municipal solid waste (MSW) to junior officials such as sanitary inspectors. Systems and practices 

continue to be outdated and inefficient. No serious efforts are made to adapt latest methods and technologies of 

waste management, treatment and disposal. Though a large portion of the municipal budget is allotted for solid 

waste management, most of it is spent on the wages of sanitation workers whose productivity is very low. 

There are no clear plans to enhance their efficiency or improve working conditions through the provision of 

modern equipment and protective gear. Unionization of the workers, politicization of labour unions and the 

consequent indiscipline among the workforce are all results of bad working conditions and inept handling of 

labour issues. 

Almost all the 3955 towns with population below 100,000 run SWM services rather unprofessionally. They 

depend on sanitary inspectors to manage solid waste with the help of sanitation workers. In many small towns, 

even qualified sanitary inspectors are not posted and services are left in the hands of unqualified supervisors. 

The situation of cities with 100,000 plus population is somewhat better, though far from satisfactory. In these 

cities, generally there are health officers who head the SWM department. In some of the larger cities qualified 

engineers supervise SWM seeking technical inputs from doctors as well. 

Absence of Community Participation: 

Community participation has a direct bearing on efficient SWM. Yet, the municipal authorities have failed to 

mobilize the community and educate citizens on the rudiments of handling waste and proper practices of storing 

it in their own bins at the household-, shop- and establishment-level. In the absence of a basic facility of 

collection of waste from source, citizens are prone to dumping waste on the streets, open spaces, drains, and 

water bodies in the vicinity creating insanitary conditions. Citizens assume that waste thrown on the streets 

would be picked up by the municipality through street sweeping. For the general public, which is quite 

indifferent towards garbage disposal etiquette, the onus of keeping the city clean is entirely on the ULBs. This 

mind set is primarily responsible for the unscientific systems of waste management in the country. 

Drawbacks in present services 

No Storage of Waste at Source: There is no practice of storing the waste at source in a scientifically segregated 

way. Citizens have not been educated to keep domestic, trade, and institutional bins for storage of waste at 

source and stop littering on the streets. 

No System of Primary Collection from the Doorstep: There is no public system of primary collection from the 

source of waste generation. The waste discharged here and there is later collected by municipal sanitation 

workers through street sweeping, drain cleaning, etc. Street sweeping has, thus become the principal method of 

primary collection. 
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Irregular Street Sweeping: Even street sweeping is not carried out on a day-to-day basis in most cities and towns 

in India. Generally commercial roads and important streets are prioritized and rest of the streets are swept 

occasionally or not swept at all. Generally, no sweeping is done on Sundays and public holidays and a back log 

is created on the next working day. The tools used for street sweeping are generally inefficient and out-dated. 

For instance, the broom with a short handle is still in use forcing sweepers to bend for hours resulting in fatigue 

and loss of productivity. Traditional handcarts/tricycles are used for collection, which do not synchronize with 

the secondary storage systems. Waste is deposited on the ground necessitating multiple handling. There are no 

uniform yardsticks adopted for street sweeping. 

Though, some states/cities have prescribed work-norms, these are not very scientific. Most of the cities allocate 

work to sanitation workers on ad hoc basis. The work distribution ranges between 200 metres to 1000 metres of 

street sweeping each day. Some sanitation workers are found under worked while some over burdened. 

Waste Storage Depots: As waste is collected through traditional handcarts/tricycles that can carry only a small 

quantity of waste at a time, there is a practice to set up depots for temporary storage of waste to facilitate 

transportation through motorized vehicles. Generally, open sites or round cement concrete bins, masonry bins or 

concrete structures are used for temporary bulk storage, which necessitates multiple handling of waste. Waste 

often spills over which is unhygienic. 

Transportation of Waste: Transportation of waste from the waste storage depots to the disposal site is done 

through a variety of vehicles such as bullock carts, three-wheelers, tractors, and trucks. A few cities use modern 

hydraulic vehicles as well. Most of the transport vehicles are old and open. They are usually loaded manually. 

The fleet is generally inadequate and utilization in optimal. Inefficient workshop facilities do not do much to 

support. this old and rumbling squad of squalid vehicles. The traditional transportation system does not 

synchronize with the system of primary collection and secondary waste storage facilities and multiple manual 

handling of waste results. 

Processing of Waste: Generally no processing of municipal solid waste is done in the country. Only a few cities 

have been practicing decentralized or centralized composting on a limited scale using aerobic or anaerobic 

systems of composting. In some towns un-segregated waste is put into the pits and allowed to decay for more 

than six months and the semi-decomposed material is sold out as compost. In some large cities aerobic compost 

plants of 100 MT to 700 MT capacities are set up but they are functioning much below installed capacity. A few 

towns are practicing vermi-composting on a limited scale. 

Disposal of Waste: Disposal of waste is the most neglected area of SWM services and the current practices are 

grossly unscientific. Almost all municipal authorities deposit solid waste at a dump-yard situated within or 

outside the city haphazardly and do not bother to spread and cover the waste with inert material. These sites 

emanate foul smell and become breeding grounds for flies, rodent, and pests. Liquid seeping through the rotting 

organic waste called leachate pollutes underground water and poses a serious threat to health and environment. 

Landfill sites also release landfill gas with 50 to 60 per cent methane by volume. Methane is 21 times more 

potent than carbon dioxide aggravating problems related to global warming. It is estimated by TERI that in 1997 

India released about 7 million tonnes of methane into the atmosphere. This could increase to 39 million tonnes 

by 2047 if no efforts are made to reduce the emission through composting, recycling, etc. 
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III. SOLUTIONS 

Technologies available for processing treatment and disposal of solid waste  

The main technological options available for processing/ treatment and disposal of MSW are Recycling, 

incineration, Pyrolysis and gasification, sanitary landfilling/landfill gas recovery , composting, vermi 

composting, anaerobic digestion/biomethanation,  and sanitary landfilling/landfill gas recovery.  

Recycling: Recycling refers to the removal of items from the waste stream to be used as raw materials in the 

manufacture of new products. Thus from this definition recycling occurs in three phases: first the waste is sorted 

and recyclables collected, the recyclables are used to create raw materials. These raw materials are then used in 

the production of new products. The sorting of recyclables may be done at the source (i.e. within the household 

or office) for selective collection by the municipality or to be dropped off by the waste producer at a recycling 

centres. The pre-sorting at the source requires public participation which may not be forthcoming if there are no 

benefits to be derived. Also a system of selective collection by the government can be costly. It would require 

more frequent circulation of trucks within a neighbourhood or the importation of more vehicles to facilitate the 

collection. 

Another option is to mix the recyclables with the general waste stream for collection and then sorting and 

recovery of the recyclable materials can be performed by the municipality at a suitable site. The sorting by the 

municipality has the advantage of eliminating the dependence on the public and ensuring that the recycling does 

occur. The disadvantage however, is that the value of the recyclable materials is reduced since being mixed in 

and compacted with other garbage can have adverse effects on the quality of the recyclable material. 

Thermal treatment 

This refers to processes that involve the use of heat to treat waste. Listed below are descriptions of some 

commonly utilized thermal treatment processes. 

Incineration: Incineration is the most common thermal treatment process. This is the combustion of waste in 

the presence of oxygen. After incineration, the wastes are converted to carbon dioxide, water vapour and ash. 

This method may be used as a means of recovering energy to be used in heating or the supply of electricity. In 

addition to supplying energy incineration technologies have the advantage of reducing the volume of the waste, 

rendering it harmless, reducing transportation costs and reducing the production of the green house gas methane 

Pyrolysis and Gasification: Pyrolysis and gasification are similar processes. They both decompose organic 

waste by exposing it to high temperatures and low amounts of oxygen. Gasification uses a low oxygen 

environment while pyrolysis allows no oxygen. These techniques use heat and an oxygen starved environment 

to convert biomass into other forms. A mixture of combustible and non-combustible gases as well as 

pyroligenous liquid is produced by these processes. All of these products have a high heat value and can be 

utilised. Gasification is advantageous since it allows for the incineration of waste with energy recovery and 

without the air pollution that is characteristic of other incineration methods. 

Open burning: Open burning is the burning of unwanted materials in a manner that causes smoke and other 

emissions to be released directly into the air without passing through a chimney or stack. This includes the 

burning of outdoor piles, burning in a burn barrel and the use of incinerators which have no pollution control 

devices and as such release the gaseous by products directly into the atmosphere (Department of environmental 

quality 2006). Open burning has been practiced by a number of urban centres because it reduces the volume of 



 

1158 | P a g e  

refuse received at the dump and therefore extends the life of their dumpsite. Garbage may be burnt because of 

the ease and convenience of the method or because of the cheapness of the method. In countries where house 

holders are required to pay for garbage disposal, burning of waste in the backyard allows the householder to 

avoid paying the costs associated with collecting, hauling and dumping the waste. 

Open burning has many negative effects on both human health and the environment. This uncontrolled burning 

of garbage releases many pollutants into the atmosphere. These include dioxins, particulate matter, polycyclic 

aromatic compounds, volatile organic compounds, carbon monoxide, hexachlorobenzene and ash. All of these 

chemicals pose serious risks to human health. The Dioxins are capable of producing a multitude of health 

problems; they can have adverse effects on reproduction, development, disrupt the hormonal systems or even 

cause cancer. The polycyclic aromatic compounds and the hexachlorobenzene are considered to be 

carcinogenic. The particulate matter can be harmful to persons with respiratory problems such as asthma or 

bronchitis and carbon monoxide can cause neurological symptoms. 

The harmful effects of open burning are also felt by the environment. This process releases acidic gases such as 

the halo-hydrides; it also may release the oxides of nitrogen and carbon. Nitrogen oxides contribute to acid rain, 

ozone depletion, smog and global warming. In addition to being a green house gas carbon monoxide reacts with 

sunlight to produce ozone which can be harmful. The particulate matter creates smoke and haze which 

contribute to air pollution. 

 

IV. DUMPS AND LANDFILLS 

Sanitary landfills: Sanitary Landfills are designed to greatly reduce or eliminate the risks that waste disposal 

may pose to the public health and environmental quality. They are usually placed in areas where land features 

act as natural buffers between the landfill and the environment. For example the area may be comprised of clay 

soil which is fairly impermeable due to its tightly packed particles, or the area may be characterised by a low 

water table and an absence of surface water bodies thus preventing the threat of water contamination. 

In addition to the strategic placement of the landfill other protective measures are incorporated into its design. 

The bottom and sides of landfills are lined with layers of clay or plastic to keep the liquid waste, known as 

leachate, from escaping into the soil. The leachate is collected and pumped to the surface for treatment. 

Boreholes or monitoring wells are dug in the vicinity of the landfill to monitor groundwater quality. 

A landfill is divided into a series of individual cells and only a few cells of the site are filled with trash at any 

one time. This minimizes exposure to wind and rain. The daily waste is spread and compacted to reduce the 

volume, a cover is then applied to reduce odours and keep out pests. When the landfill has reached its capacity it 

is capped with an impermeable seal which is typically composed of clay soil. 

Some sanitary landfills are used to recover energy. The natural anaerobic decomposition of the waste in the 

landfill produces landfill gases which include Carbon Dioxide, methane and traces of other gases. Methane can 

be used as an energy source to produce heat or electricity. Thus some landfills are fitted with landfill gas 

collection (LFG) systems to capitalise on the methane being produced. The process of generating gas is very 

slow, for the energy recovery system to be successful there needs to be large volumes of wastes. 
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These landfills present the least environmental and health risk and the records kept can be a good source of 

information for future use in waste management, however, the cost of establishing these sanitary landfills are 

high when compared to the other land disposal methods. 

Figure 1 Main features of a modern landfill 

 

 (Source:http://www.eia.doe.gov/kids/energyfacts/saving/recycling/solidwaste/landfiller.html) 

Controlled dumps: Controlled dumps are disposal sites which comply with most of the requirements for a 

sanitary landfill but usually have one deficiency. They may have a planned capacity but no cell planning, there 

may be partial leachate management, partial or no gas management, regular cover, compaction in some cases, 

basic record keeping and they are fenced or enclosed. These dumps have a reduced risk of environmental 

contamination, the initial costs are low and the operational costs are moderate. While there is controlled access 

and use, they are still accessible by scavengers and so there is some recovery of materials through this practice. 

Bioreactor Landfills: Recent technological advances have lead to the introduction of the Bioreactor Landfill. 

The Bioreactor landfills use enhanced microbiological processes to accelerate the decomposition of waste. The 

main controlling factor is the constant addition of liquid to maintain optimum moisture for microbial digestion. 

This liquid is usually added by re-circulating the landfill leachate. In cases where leachate in not enough, water 

or other liquid waste such as sewage sludge can be used. The landfill may use either anaerobic or aerobic 

microbial digestion or it may be designed to combine the two. These enhanced microbial processes have the 

advantage of rapidly reducing the volume of the waste creating more space for additional waste, they also 

maximise the production and capture of methane for energy recovery systems and they reduce the costs 

associated with leachate management. For Bioreactor landfills to be successful the waste should be comprised 

predominantly of organic matter and should be produced in large volumes. 

Biological waste treatment 
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Composting: Composting is the controlled aerobic decomposition of organic matter by the action of micro 

organisms and small invertebrates. There are a number of composting techniques being used today. These 

include: in vessel composting, windrow composting, vermin-composting and static pile composting. The 

process is controlled by making the environmental conditions optimum for the waste decomposers to thrive. The 

rate of compost formation is controlled by the composition and constituents of the materials i.e. their 

Carbon/Nitrogen (C/N) ratio, the temperature, the moisture content and the amount of air. 

The C/N ratio is very important for the process to be efficient. The micro organisms require carbon as an energy 

source and nitrogen for the synthesis of some proteins. If the correct C/N ration is not achieved, then application 

of the compost with either a high or low C/N ratio can have adverse effects on both the soil and the plants. A 

high C/N ratio can be corrected by dehydrated mud and a low ratio corrected by adding cellulose. 

Moisture content greatly influences the composting process. The microbes need the moisture to perform their 

metabolic functions. If the waste becomes too dry the composting is not favoured. If however there is too much 

moisture then it is possible that it may displace the air in the compost heap depriving the organisms of oxygen 

and drowning them. 

A high temperature is desirable for the elimination of pathogenic organisms. However, if temperatures are too 

high, above 75oC then the organisms necessary to complete the composting process are destroyed. Optimum 

temperatures for the process are in the range of 50-60oC with the ideal being 60oC. 

Aeration is a very important and the quantity of air needs to be properly controlled when composting. If there is 

insufficient oxygen the aerobes will begin to die and will be replaced by anaerobes. The anaerobes are 

undesirable since they will slow the process, produce odours and also produce the highly flammable methane 

gas. Air can be incorporated by churning the compost. 

Anaerobic Digestion: Anaerobic digestion like composting uses biological processes to decompose organic 

waste. However, where composting can use a variety of microbes and must have air, anaerobic digestion uses 

bacteria and an oxygen free environment to decompose the waste. Aerobic respiration, typical of composting, 

results in the formation of Carbon dioxide and water. While the anaerobic respiration results in the formation of 

Carbon Dioxide and methane. In addition to generating the humus which is used as a soil enhancer, Anaerobic 

Digestion is also used as a method of producing biogas which can be used to generate electricity. 

Optimal conditions for the process require nutrients such as nitrogen, phosphorous and potassium, it requires 

that the pH be maintained around 7 and the alkalinity be appropriate to buffer pH changes, temperature should 

also be controlled. 

 

V. INTEGRATED SOLID WASTE MANAGEMENT 

 

Integrated Solid Waste Management (ISWM) takes an overall approach to creating sustainable systems that are 

economically affordable, socially acceptable and environmentally effective. An integrated solid waste 

management system involves the use of a range of different treatment methods, and key to the functioning of 

such a system is the collection and sorting of the waste. It is important to note that no one single treatment 

method can manage all the waste materials in an environmentally effective way. Thus all of the available 

treatment and disposal options must be evaluated equally and the best combination of the available options 
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suited to the particular community chosen. Effective management schemes therefore need to operate in ways 

which best meet current social, economic, and environmental conditions of the municipality. 

 

 

Figure 2: Elements of Integrated Solid Waste Management 

 

4 (Source: http://viso.ei.jrc.it/iwmlca/)  
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