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PREFACE 

 

Solid Waste Management has become   one of the important area of urban management activities in India. It is 

estimated that out of one billion people living in the country about 300 million reside in urban areas. Around 40 

per cent of the urban population is currently residing in 40 Metros in India. The urban local bodies responsible for 

providing the basic services like water supply, sewerage and solid waste management and other amenities to the 

people are finding it increasingly difficult to cope up with the demand due to fast growth of urban population, 

thereby adversely affecting the management of such services to the people.  By and large, in cities and towns 

hardly 50 per cent of the solid wastes generated are collected, transported and disposed off, giving rise to 

unsanitary conditions and diseases, especially amongst the urban poor who constitute about 35 per cent of the 

urban population. 

The objective of solid waste management is to reduce the quantity of solid waste disposed off on land by 

recovery of materials and energy from solid waste.  Municipal solid waste management (MSWM) involves the 

application of principle of Integrated Solid Waste Management (ISWM) to municipal waste. ISWM is the 

application of suitable techniques, technologies and management programmes covering all types of solid wastes 

from various sources to achieve the twin objectives of (a) waste reduction and (b) effective management of waste 

still produced after waste reduction. 

One of the critical areas to achieve effective solid waste management in the urban local bodies in the country is 

the lack of adequate knowledge about the techniques, technologies and management aspects of SWM  at the 

municipal level. The major lacunae is the availability of trained manpower at the ULBs who can handle the SWM 

issues as well as to plan an integrated waste management taking in to consideration the technological, financial, 

institutional and social issues. CED has carried out a preliminary assessment about the capability and availability 

of trained manpower in the ULBs in Kerala for waste management and found  the lack of  trained manpower and 

sufficient knowledge as one of   the major limiting factor for implementing scientific SWM in many of the local 

bodies.  

The Ministry of Urban Development (MoUD),Government of India has taken initiatives to establish systems to 

support the ULBs on various focal areas of Urban Development and has established Centres of Excellence (CoE) 

on different sectors related to Urban Development. The Ministry has sanctioned a Centre of Excellence to Centre 

for Environment and Development on ‘Solid and Liquid Waste Management’ (SLWM) with the objective to 

support the ULBs on this subject. CED has taken up the Thiruvananthapuram Corporation and Payyannur 

Municipality as case study cities for this purpose. CED is also supporting the Kochi Corporation to implement the 

solid waste management projects as part of the JnNRUM. The major components of CoE include(i)development 

of strategy and methodology for implementing SLWM in ULBs with case studies(ii)capacity building, awareness 

and training for functionaries of ULBs and(iii) developing a Knowledge Centre on SLWM to provide information 

support to ULBs.      

CED has formulated a short term training programme to  the functionaries of ULBs and those who are involved in 

solid waste management as part of the Capacity building programmes of CoE. This ten days training will focus on 

all the major components of SWM. This course material illustrates the various components of Solid Waste 

Management and intended to be used by the participants of the course. We hope that the present training 

programme will help the ULBs to develop capacity to involve and implement solid waste management 

programmes in their respective local bodies.                
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MODULE- 1 
 
 

INTRODUCTION TO   SOLID WASTE MANAGEMENT 
 

Sustainable development can only be achieved if society in general, and industry in particular, produces 

‘more with less’ i.e. more goods and services with less use of the world’s resources and less pollution and 

waste.  Efficient delivery of public services and infrastructure are pressing issues for municipalities in most 

developing countries; and in many countries, solid waste management has become a top priority. Solid 

waste management (SWM) is costly and complex for local governments, but it is so essential to the health, 

environment and quality of life of the people.  They must be safe for workers and safeguard public health by 

preventing the spread of disease. In addition to these prerequisites, an effective system of solid waste 

management must be both environmentally and economically sustainable. Solid Waste Management (SWM) 

is a system for handling of all types of   garbage. The end goal is a reduction of the amount of garbage 

clogging the streets and polluting the environment, whether that garbage is disposed of or recycled into 

something useful.  

There are a number of types of solid waste which need to be dealt with. The first is recyclable waste, objects 

which are useful, but no longer wanted. Solid waste management includes the construction of facilities to 

recycle these goods, which include scrap metal, glass, cans, paper, plastics, wood, and similar materials. 

Another category is toxic waste; waste which could potentially contaminate the environment, meaning that it 

needs to be handled with care. This category includes electronic waste, a growing problem in many 

industrialized nations. Next is green waste which can be composted and returned to the earth.  

Waste management is the collection, transport, processing, recycling or disposal, and monitoring of waste 

materials. The term usually relates to materials produced by human activity, and is generally undertaken to 

reduce their effect on health, the environment or aesthetics. Waste management is also carried out to 

recover resources from it. Waste management can involve solid, liquid, gaseous or radioactive substances, 

with different methods and fields of expertise for each.  

A country like India, with its high economic growth and rapid urbanisation, requires immediate solutions to 

the problems related to mismanagement of urban waste. Different types of interventions are essential to 

improving the quality of our cities and reducing the adverse health and environmental effects. Improper and 

unscientific SWM measures usually adopted in many countries not only has its local significance but pose 

much wider global implications. Climate change and effects of greenhouse gas emissions have made SWM, 

one of the most pressing environmental challenges globally as well as locally. It is well understood that in 

appropriate SWM practices, such an improper incineration and uncontrolled disposal of waste are major 

contributors to greenhouse gas emissions: the anaerobic degradation of waste in landfills produces methane 

a gas that is 21 times more potent than carbon dioxide. 

http://www.wisegeek.com/what-is-glass.htm
http://en.wikipedia.org/wiki/Waste_collection
http://en.wikipedia.org/wiki/Transport
http://en.wikipedia.org/wiki/Waste_treatment
http://en.wikipedia.org/wiki/Recycling
http://en.wikipedia.org/wiki/Waste
http://en.wikipedia.org/wiki/Health
http://en.wikipedia.org/wiki/Environment_(biophysical)
http://en.wikipedia.org/wiki/Aesthetics
http://en.wikipedia.org/wiki/Natural_resource
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Radioactive
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Solid Waste Management has been one of the neglected areas of urban management activities in India. By 

and large, in cities and towns hardly 50 per cent of the solid wastes generated are collected, transported and 

disposed off, giving rise to unsanitary conditions and diseases, especially amongst the urban poor who 

constitute about 35 per cent of the urban population. It is estimated that out of one billion people living in the 

country about 300 million dwell in urban areas. Around 40 per cent of the urban population is currently 

residing in 40 Metros in India. The urban local bodies responsible for providing the basic services like water 

supply, sewerage and solid waste management and other amenities to the people are finding it extremely 

difficult to cope up with the ever increasing demand due to fast growth of urban population. The day to day 

management of solid wastes is a complex and expensive activity. Disposal functions have to be sought for 

the future, the overall objective being to minimize the adverse environmental effects caused by the 

indiscriminate disposal of solid wastes. This is of paramount importance to health, environmental protection, 

natural resources management and sustainable development. Management strategies should be in such a 

way as to perform (i) Protection of environmental health (ii) Promotion of the quality of environment (iii) 

Supporting the efficiency and productivity of the economy and (iv) Generation of employment and income. 

The objective of solid waste management is to reduce the quantity of solid waste disposed off on land by 

recovery of materials and producing energy from solid waste.  Municipal solid waste management (MSWM) 

involves the application of principle of Integrated Solid Waste Management (ISWM) to municipal waste. 

ISWM is the application of suitable techniques, technologies and management options dealing with all types 

of solid wastes from all sources to achieve the twin objectives of (a) waste reduction and (b) effective 

management of waste still produced after waste reduction. 

1.1 Classification of Solid Waste 

Solid wastes comprise of both organic and inorganic waste materials such as product packets, grass 

clippings, old furniture, clothing, bottles, kitchen refuse, appliances, paint cans, batteries, etc., produced in a 

society, which do not generally carrying any values to the first user(s).  Solid wastes, thus encompass both a 

heterogeneous mass of waste from urban community as well as a more heterogeneous accumulation of 

agricultural, industrial and mineral wastes while waste have little or no values in one setting or to the one 

who wants to dispose them, the discharged waste 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 generally classified in to two, 

based on source of generation and type.  

(i) Classification based on Source 

Based on the source of generation, solid waste can be classified in to:   
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Residential: This refers to wastes from dwelling, apartments, etc., and consists of left over food, vegetable 

piece, plastic, clothes, ashes, etc. 

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. 

Institutional: This mainly consists of paper, plastic, glasses, etc., generated from educational, 

administrative and public buildings such as schools, colleges, offices, etc. 

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.  

Industrial: This mainly consists of process wastes, ashes, demolition and construction wastes, hazardous 

wastes, etc., due to industrial activities. 

Agricultural: This mainly consists of spoiled food grains and vegetable, agricultural remains, litter etc., 

generated from fields, garden lands, farms etc. 

(ii) Classification based on Type 

There are mainly two categories of wastes based on the type-biodegradable and non-biodegradable wastes. 

This classification is based on physical, chemical and biological characteristics of wastes. Biodegradable 

wastes mainly refer to substances consisting of organic matter such as leftover food, vegetables 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 1.2 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.  The 

biodegradable and non-biodegradable wastes can further be divided into different types as given below: 

Garbage:  This refers to animal and vegetable wastes and consists of putrescible (rotting) organic matter, 

which produces an obnoxious odour and attracts rats and other vermin when kept for long time. It therefore, 

requires special attention in storage, handling and disposal. 

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 produced in large quantities, as in power-generation plants and factories, these are 

classified as industrial wastes.     

Combustible and non-combustible wastes: This consist of wastes generated from households, 

institutions, commercial activities, etc., and consists of combustible materials like paper, cardboard, textile, 

rubber, garden trimmings, etc., and non-combustible materials consisting of items like glass, crockery, tin 

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

Bulky wastes : These include large unused household appliances such as refrigerators, washing machines,  



Short term course on Solid Waste Management                                                                          

Centre for Environment and Development                                                                                    CoE on SLWM, MoUD, GoI 4

 

furniture, crates, vehicle parts, tyres, wood, trees and branches. Since these household wastes cannot be 

accommodated in normal storage containers, these require a special collection mechanism.  

Street wastes:  These consists of  wastes that are collected from streets, walkways, alleys, parks and  

vacant plots, and include paper, cardboard, plastics, dirt, leaves and other vegetable matter. 

Dead animals:  Dead animals are those that die naturally or are accidentally killed on the road.  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, tats etc.  The 

reason for this differentiation is that large animals require special equipment for lifting and handling when 

they are removed.   

Table 1.1 

Classification of solid wastes 

Type Description Source 

Garbage Wastes from the preparation, cooking and 
serving of food, market refuse, waste from the 
handling, storage, and sale of produce and 
meat. 

Combustible and 
non-combustible 

Combustible (primarily organic) paper, 
cardboard, cartons, wood, boxes, plastic, rags, 
cloth, bedding, leather, rubber, grass, leaves, 
yard trimmings etc. 

Ashes Residue from fires used for cooking and for 
heating building cinders 

Households, institutions and 
commercial concerns such as 
hotels, stores, restaurants, 
market, etc 

Bulky wastes Large auto parts, tyres, stoves, refrigerators, 
other large appliances, furniture, large crates, 
trees branches, stumps etc 

Street wastes Street sweepings, dirt, leaves etc. 

Dead animals Dogs, cats, rats, donkeys etc. 

Abandoned 
vehicles 

Automobiles and spare parts 

Streets, sidewalks, alleys, vacant 
plots etc. 

Construction and 
demolition wastes 

Roofing and sheathing scraps, rubble, broken 
concrete, plaster, conduit pipe, wire, insulation 
etc 

Construction and demolition sites 

Industrial wastes Solid wastes resulting from industrial 
processes and manufacturing operations, such 
as food processing wastes, boiler house 
cinders, wood, plastic and metal scraps, 
shaving etc. 

Factories, power plants etc 

Hazardous wastes Pathological wastes, explosives, radioactive 
materials etc. 

Households, hospitals, 
institutions, stores, industry etc. 

Animals and 
agricultural wastes 

Manure, crop residues etc. Livestock, farms, feedlots and 
agriculture 

Sewage treatment 
residue 

Coarse screening grit, septic tank sludge, 
dewatered sludge. 

Sewage treatment plants and 
septic tanks. 

 
Abandoned vehicles:  This category includes automobiles, trucks and trailers that are abandoned on 

streets and other public places which has significant scrap value for their metal. 
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Construction and demolition wastes: These are wastes generated during construction, refurbishment, 

repair and demolition of houses, commercial buildings and other structures.  They consist mainly of earth, 

stones, concrete, bricks, roofing and plumbing materials, heating system and electrical wires and parts of 

the general municipal waste stream. 

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.   

Table 1.2  

 Degeneration Time for Biodegradable and Non-biodegradable Wastes 

Category Type of waste Approximate time taken to 
degenerate 

Organic waste such as vegetable 
and fruit peels, leftover foodstuff, 
etc 

A week or two 

Paper 10-30 days 

Cotton cloth 2-5 months 

Woollen items 1 year 

Biodegradable 

Wood 10-15 years 

Non-biodegradable Tin, aluminum, and other metal 
items such as cans 

100-500 years 

 Plastic bags One million years 

 Glass bottles Undetermined 

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.  In some cases, the active agents may be liquid or gaseous 

hazardous wastes.  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   

Electronics Waste or E waste 

Electronics Waste or E waste is a collective name for discarded electronic devices that enter the waste 

stream or nearing the end of their "useful life". It consists of obsolete electronic devices such as computers, 

monitors and display devices, telecommunication devices such as cellular phones, calculators, audio and 

video devices, printers, scanners, copiers and fax machines besides household equipments such as  
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refrigerators, air conditioners, televisions and washing machines. The biggest concern with E-Waste is the 

presence of toxic materials such as lead, cadmium, mercury and arsenic, toxic flame-retardants, printer 

cartridge inks and toners that pose significant health risks. These components can contaminate soil, 

groundwater and air, as well as affect the workers of the recycling units and the community living around it. 

The huge range and complexity of component materials in e-products makes it difficult and expensive to 

dispose of or recycle them safely and at a profit. 

Eco-designing of products, source reduction, close-loop recycling are potential options to reduce the e-

waste stream. Designers could ensure the product is built for re-use, repair and/or upgradeability. Stress 

should be laid on use of less toxic, easily recoverable and recyclable materials which can be taken back for 

refurbishment, remanufacturing, disassembly and reuse. Recycling and reuse of materials are potential 

options to reduce e-waste. Recovery of metals, plastic, glass and other materials reduces the magnitude of 

e-waste. These options have a potential to conserve the energy and keep the environment free of toxic 

material that would otherwise have been released. 

Indian E waste recycling system has been developed very organically, as a natural branching of the scrap 

industry which accepts scrap from many sources. In contrast to Developed countries, where consumers pay 

a recycling fee, in India it is the waste collectors who pay consumers a positive price for their obsolete 

appliances. The small collectors in turn sell their collections to traders who aggregate and sort different kinds 

of waste and then sell it to recyclers, who recover the metals. The entire  e waste recycling industry in India 

is based on a network existing among scrap collectors, traders and recyclers, each adding value, and 

creating jobs, at every point in the chain. The main incentive for the players is financial profit, not 

environmental or social awareness. Nevertheless, these trade and recycling alliances provide employment 

to many groups of people. 

Extended producer responsibility (EPR) principle has been one of the main driving forces while regulatory 

frameworks for the environmental and economic management of e-wastes. EPR is the principle in which all 

the actors along the product chain share responsibility for the lifecycle environmental impacts of the whole 

product system. Manufacturers can reduce the life-cycle environmental impacts of their products through 

their influence on product design, material choices, manufacturing processes, product delivery, and product 

system support. 

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 as separated at the preliminary 

stage of treatment, as it may entrain putrescible organic matter with pathogens and must be buried without 

delay.  
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1.2 Process of Solid Waste Management (SWM) 

Management of solid waste may be defined as the control of generation, storage, collection, transfer and 

transport, processing, and disposal of solid wastes based on scientific principles. This includes all  

technological, financial, institutional and legal aspects  involved to solve the  whole spectrum of issues 

related solid wastes. 

The SWM processes differ depending on factors such as socio-economic status, degree of industrialization, 

social development (e.g., education, literacy, healthcare etc.), life style and quality of life of a location.  In 

addition regional, seasonal and economic differences influence the SWM processes. There are various 

functional elements associated with the management of solid wastes such as segregation, collection, 

processing and disposal.   

(i)  Major Functional Elements  

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 determines quantity, 

composition and waste characteristics.   

Waste storage: Storage of waste after collection and before transportation to the processing/disposal site is 

an important functional component.  The time of storage depends on the type of waste. For example, the 

biodegradable waste cannot be stored for long in a storage container because of its putrescible nature.  

There are many   options for storage like plastic containers, conventional dustbins (of households), used oil 

drums, large storage bins (for institutions and commercial areas or servicing depots), etc.   

Waste collection: Collection refers to mainly two aspects; collection from the source of generation to the 

next collection point and collection from that point to the large vehicles for transportation or to the transfer 

stations and finally to the processing plant/disposal area.  Collection depends on the number of containers, 

frequency of collection, types of collection services and routes. Collection is done either directly through the 

municipal services to franchised services or contracts. Recently, collection of waste from the source to the 

next step is carried out by Self Help Groups (SHGs) in many cities in India, which is very common in the 

state of Kerala.    

Transfer and transport: This functional element involves: 

• the transfer of wastes from smaller collection vehicles to larger ones at transfer stations. 

• the subsequent transport of the waste to disposal sites 

Processing: Processing of waste is the most important functional component of SWM system, which leads 

to various types of resource recovery, recycling, energy generation, production of organic manure, etc. 

There are many processing techniques, which will be discussed in detail later.  
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Disposal of final rejects: Disposal of final rejects after resource recovery is one of the important functional 

components of SWM system. This is mainly achieved through construction of engineered sanitary landfill.  

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                                          

                                                                        

 

 

 

 

 

 

        

 

 

 

 

                            

                     Flow chart of a typical SWM system with its functional elements and linkages 

 

(ii)  Factors to be considered in SWM planning 

There are many factors influencing the SWM planning   (Phelps et al., 1995), such as:  

Quantity and characteristics of wastes:  The quantity of wastes generated generally depends 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 0.65 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.  

Climate and seasonal variations: Climate has a major influence in SWM planning. In cold climates, drifting 

snow and frozen ground interfere with landfill operations, and therefore, trenches must be dug in summer 

and cover material stockpiles 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  
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waste, varying from less than 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 decompose far more rapidly than in colder climates.   

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, door-to-door collection of solid wastes is 

comparatively easy using large compactor vehicle or smaller vehicle. Added to this is the problem of urban  

sprawl in the outskirts (of the cities) where population is growing at an alarming rate.   Problems of solid 

waste storage and collection are most acute in such areas.   

Management and technical resources: Solid waste management, to be successful, requires wide 

spectrum of work force in keeping with 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 programs are in place 

to provide a self-sustaining supply of trained work force. 
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MODULE - 2 
 
 

CURRENT SITUATION IN INDIAN CITIES AND LEGAL FRAMEWORK 
 
 

The problem of SWM in India, when combined with rapid urbanization is very complex and needs immediate 

attention. This module elaborates on the existing SWM situation in Indian cities, highlights the existing legal 

framework, explores the major challenges that municipalities face, and outlines the causes for deficient 

SWM and non-compliance with the mandatory rules for the management of and handling of solid waste. 

Furthermore, it recommends steps toward compliance with SWM rules. 

The total Indian urban population amounts to approximately 285 million. There are 4,378 cities and towns in 

India. Of those cities, according to the 2001 census, 423 are considered class I, with a  population 

exceeding one lakh. The class I cities alone contribute to more than 72 percent of the total municipal solid 

waste (MSW) generated in urban areas. This include 7 mega cities (which have a population of more than 4 

million), 28 metro cities (which have a population of more than 1 million), and 388 other towns (which have a 

population of more than 1lakh).The Central Public Health and Environmental Engineering Organization 

(CPHEEO) estimated a per capita waste generation in Indian cities and towns in the range of 0.2 to 0.6 

kilograms per day. According to Central Pollution Control Board (CPCB), average collection coverage 

ranges from 50 to 90 percent. Of the collected waste, 94 percent is disposed of  without any scientific 

management practices. Hence, there is severe pollution of groundwater and surface water through leachate, 

as well as  air through uncontrolled burning of waste. 

2.1 Legal Framework for SWM in India 

In India, SWM is the primary responsibility and duty of the municipal authorities. State legislation and the 

local acts that govern municipal authorities include special provisions for collection, transport, and disposal 

of waste. Most state legislation does not cover the necessary technical or organizational details of SWM. 

Laws talk about sweeping streets, providing receptacles in various parts of the city for storage of waste, and 

transporting waste to disposal sites in general terms, but they do not clarify how this cleaning shall or can be 

done. The municipal acts do not specify in clear terms which responsibilities belong to the citizens (for 

example, the responsibility not to litter or the accountability for storing waste at its source). Moreover, they 

do not mention specific collection systems (such as door-to-door collection of waste), do not mandate 

appropriate types of waste storage depots, do not require covered waste transport issues, and do not 

mention aspects of waste treatment or sanitary landfills. Thus, most state legislation, with the exception of 

that of Kerala, does not fulfil the requirements for an efficient SWM service. Given the absence of 

appropriate legislation or of any monitoring mechanism on the performance of municipal authorities, the 

system of waste management has remained severely deficient and outdated.  At disposal sites, municipal 
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authorities dump municipal waste, human excreta from slum settlements, industrial waste from small 

industrial establishments within the city, and biomedical waste without imposing any restrictions, thus posing 

serious problems of health and environmental degradation. A public interest litigation was filed in the 

Supreme Court in 1996 (Special Civil Application No. 888 of 1996) against the Government of India, state 

governments, and municipal authorities for their failure to perform their duty of managing MSW adequately. 

The Supreme Court then appointed an expert committee to look into all aspects of SWM and to make 

recommendations to improve the situation. After consulting around 300 municipal authorities, as well as 

other stakeholders, the committee submitted the report to the Supreme Court in March 1999. The report 

included detailed recommendations regarding the actions to be taken by class 1 cities, by the state 

governments, and by the central government to address all issues of MSWM effectively. 

On the basis of the report, the Supreme Court directed the Government of India, state governments, and 

municipal authorities to take necessary actions. The Ministry of Environment and Forests was directed to 

expeditiously issue rules regarding MSW management and handling. Thus, in September 2000, the Ministry 

issued the Municipal Solid Waste (Management and Handling) Rules 2000 under the Environment 

Protection Act, 1986. 

(i)  Municipal Solid Waste (Management and Handling) Rules 2000  (see Annexure 1) 

The Municipal Solid Waste (Management and Handling) Rules lay down the steps to be taken by all 

municipal authorities to ensure management of solid waste according to best practices. Municipal authorities 

must meet the deadlines laid down in Schedule I of the rules and must follow the compliance criteria and 

procedure laid down in Schedule II. They are responsible for implementing provisions of the 2000 rules and 

also to  provide the infrastructure and services with regard to collection, storage, segregation, transport, 

treatment, and disposal of MSW. Municipal authorities are requested to obtain authorization (that is, 

permission or technical clearance) from the concerned State Pollution Control Boards or Committee to set 

up waste processing and disposal facilities, and they must deliver annual reports of compliance. The State 

Pollution Control Boards are directed to process the application of municipal authorities and to issue 

authorization to the municipalities within 45 days of the application’s submission. The CPCB is responsible 

for coordinating the implementation of the rules among the state boards. Even though the municipalities 

were mandated to implement the rules by December 2003, with punishment for municipal authorities that 

failed to meet the standards prescribed;  most of them did not meet the deadline. 

The urban development departments of the respective state governments are responsible for enforcing the 

provisions of the rules in metropolitan cities. The district magistrates or deputy commissioners of the 

concerned districts are responsible for enforcing the provisions within the territorial limits of their 

jurisdictions. The State Pollution Control Boards are responsible for monitoring compliance with the 

standards on groundwater, ambient air, and leachate pollution. They must also monitor compliance with 

compost quality standards and incineration standards as specified in the rules.  
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The deadline for implementing Schedule I of the 2000 rules has already passed, and compliance is far from 

effective. Some cities and towns have not even started implementing measures that could lead to 

compliance with the rules (Table 2.1). Enforcement and sanctioning mechanisms remain weak. Other cities 

and towns have moved somewhat forward, either of their own accord or because of pressure from the 

Supreme Court, their state government, or their state pollution control board. Under Schedule II of the rules, 

municipal authorities have been further directed to set up and implement improved waste management 

practices and services for waste processing and disposal facilities. They can do so on their own or through 

an operator of a facility (as described in Schedules III and IV of the rules). Standards for waste processing 

and disposal facilities are defined in the rules, and municipal authorities are required to meet the 

specifications and standards specified in Schedules III and IV. 

 

Table 2.1 : Four Steps of Schedule I of the 2000 Rules 

No. Compliance Criteria Schedule 

1. Setting up of waste processing and disposal facilities By 31.12.2003 or 
earlier 

2. Monitoring the performance of waste processing and disposal 
facilities 

Once in six months  

3. Improvement of existing landfill sites as per provisions of these rules By 31.12.2001 or 
earlier 

4. Identification of landfill sites for future use and making site (s) ready 
for operation 

By 31.12.2002 or 
earlier 

 

Different functional steps to be adopted for effective MSW management are described in the rules which are 

given below:  

Collection of Solid Waste 

To prevent littering and to facilitate compliance, municipal authorities must take the following steps: 

• Organize collection of MSW at household level by using methods such as door-to-door, house-to-

house, or community bin service. Collection must be on a regular pre-informed schedule  

• Give special consideration to devising waste collection in slums and squatter areas, as well as in 

commercial areas such as areas with hotels, restaurants, and office complexes 

• Segregate at the source all recyclable waste, biomedical waste and industrial waste to prevent 

special waste from being mixed with ordinary municipal solid waste 

• Collect separately all horticultural waste and construction or demolition waste or debris, and 

dispose of it following proper norms. Similarly, waste generated at dairies will be regulated in 

accordance with the state laws 

• Prevent burning of waste 
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Secondary Storage of Waste 

With respect to secondary storage of waste, municipal authorities must do the following: 

• Make available sufficient storage facilities in accordance to the quantities of waste generated 

• Provide covered storage facility so that waste is not exposed to open atmosphere 

• Ensure that storage facilities are attended daily and are emptied and cleaned regularly 

• Ensure that storage facilities or bins are of an appropriate design for ease in handling, transfer, and 

transport 

• Ensure that manual handling and multiple handling of waste are avoided or are done with proper 

safety and care. 

Transport of Waste 

• Ensure that vehicles used for transport of waste are covered  

• Ensure that transport vehicles are designed so that multiple handling of waste is avoided before 

final disposal. 

Waste Treatment 

• Ensure that biodegradable waste is processed by composting, vermi-composting, anaerobic 

digestion, or any other appropriate biological process for stabilizing waste. Compost or any other 

end product must comply with the standards specified in Schedule IV 

• Ensure that mixed waste containing recoverable resources follows the route of recycling. 

Incineration with or without energy recovery may be used in special cases 

Waste Disposal 

• Restrict land filling to non-biodegradable and non-recyclable waste 

• Ensure that land filling meets the specifications defined in Schedule III of Municipal Solid Wastes 

(Management and Handling) Rules, 2000 

2.2 Improved SWM System 

Authorities need to consider specialized strategies for different waste generators (households, shops and 

commercial establishments, industries, hospitals, and so forth) and appropriate measures for the different 

levels in the SWM chain (household level, neighbourhood level, regional level, and so forth). Quantifying 

waste generation according to season is an important precondition for infrastructure planning. Knowledge of 

physical and chemical composition helps authorities to determine the scope of retrieval of recyclable 

material and construction debris and to define appropriate technology for treating waste. The seven steps to 

be implemented to meet the requirements of the national rules for municipal solid waste management are:  

Step 1: Improve Waste Segregation and Storage at Source 

It is important to address the solid waste issue from the generation of waste. Citizens cooperation and active 

participation is essential for the success of any waste management. Citizens must be informed, educated,  



Short term course on Solid Waste Management                                                                          

Centre for Environment and Development                                                                                   CoE on SLWM, MoUD, GoI 14

 

and motivated not to litter on the streets so they develop the habit of storing their waste at its source in at 

least two separate bins (one for biodegradable waste and one for recyclable waste).  

Step 2: Improve Primary Collection 

Waste segregated at households or other establishments 

needs to be collected following a fixed schedule. 

Biodegradable waste needs to be collected every day. Dry 

waste (inorganic recyclables) can be collected at least once 

in a  week . According to the 2000 rules, there are two 

options for primary collection: door-to-door collection at 

preset intervals or community bin collection (known as the 

bring system).There are different options for door-to-door 

collection such as Door-to-door collection carried out along 

with street sweeping, Door-to-door collection by resident 

welfare associations and non governmental organizations, 

Door-to-door collection by private waste collectors, 

Personalized door-to-door collection in high-income areas 

and compounds. 

 

 

 

 

 

 

 

Step 3: Street Sweeping 

In India, daily sweeping of streets and public places is essential since, dust and leaves accumulate rapidly 

on roads and pathways. Municipal authorities are responsible under the respective municipal laws to 

undertake regular cleaning of streets and removal of rubbish.  

Step 4: Set Up Secondary Waste Storage Depots and Transfer Stations 

Solid waste collected from the doorstep through the primary collection system has to be stored at a 

convenient place for its onward transport in a cost-effective manner. 

Step 5: Improve Transport of Waste 

This step refers to the transport of large quantities of waste to treatment sites or the final disposal site. Some 

of the important points to be considered are: 

Box 2.2 

Case Study: Door-to-Door Collection in  

the major cities in Kerala 

 In the major cities and towns in Kerala, 

door-to- door collection of both 

degradable and non-degradable waste 

are adopted by the women self help 

groups under the Kudumpasree. These 

groups are involved in collection of 

household waste and waste from other 

sources directly and transported to the 

transfer vehicles by auto rickshaw.   

Fig: 2..1  Containerized pushcarts  used for   
door to door collection Fig: 2.2 Auto used for  

door-to-door collection 
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• Under the 2000 rules, a covered vehicle should be used for transportation of waste. In the 

beginning the municipal authorities, Therefore, the present uncovered vehicles  will need to provide 

a cover and in the future  suitable covered vehicle should be used. 

• For long-distance transport, it is advisable to set up a transfer station 

• The transport system must be harmonized with the secondary storage system of waste to prevent 

manual and multiple handling of waste. 

• Transport capacity must be sufficient to ensure a frequent evacuation of secondary waste storage 

containers to prevent  overflow of containers. 

• A two-shift working system capitalizes the collection fleet and reduces the requirement for new 

vehicles. 

• In small cities that lack adequate maintenance facilities for hydraulic vehicles, combined tractor-

trolley vehicles or tractors with lifting devices may be more suitable. 

Step 6: Establish Treatment and Recycling Options 

The sixth step was made mandatory under the 2000 rules.  Municipal authorities are expected to set up a 

plant for composting waste or to adopt waste to-energy technology as may be appropriate to treat the 

organic fraction of waste. Currently, there are several technologies for the processing and treatment of 

organic MSW, some of which have been used in India in the past, such as microbial composting and vermin 

composting, whereas some are based on applications used in foreign countries that have yet to be tried in 

India or that have failed in India. Such applications include incineration for power generation.  

Household waste can contain 40 or 50 percent organic waste. Waste from urban fruit and vegetable markets 

contain even higher amounts of organic waste. Because organic waste causes major hygienic and 

environmental problems in cities and at landfills, the 2000 rules mandate improved management and 

treatment of this fraction before final disposal. Several treatment options for organic waste are available 

such as composting, anaerobic digestion, incinerator technologies, etc. 

Waste recycling has great untapped potential that can benefit Indian society as a whole. There is a need to 

upgrade and reorganize the recycling system, to increase effectiveness of the waste collection and recycling 

system, and to improve the working conditions for rag pickers. The Supreme Court’s expert committee 

acknowledged this potential in its report and recommended further action toward intensified recycling that 

takes into consideration all stakeholders. Schedule II of the 2000 rules lays down mandatory directions for 

waste segregation and processing within municipal management services.  

Step 7: Final Disposal by Constructing Engineered Landfills 

The 2000 rules, prohibit open dumps and require municipal authorities to safely dispose of solid waste in 

engineered landfills. The rules further mandate treatment of the organic fraction of solid waste before final 

disposal in the landfill sites. Thus, only rejects and degraded waste can be placed in landfills.  
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All cities and towns in India are, therefore, under an obligation to stop crude dumping of waste at open 

dumping grounds and instead identify suitable lands for the construction of engineered landfills following the 

standard prescribed in Schedule III of the rules. Schedule III provides guidelines for the basic landfill 

requirements for selection and design.  
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MODULE - 3 
 
 

WASTE GENERATION AND COMPOSITION 

3.1 Waste Stream Assessment  

Waste Stream Assessment (WSA) is a means to determine the basic aspect of quantity (the amount of 

waste generated in the community, both in terms of weight and volume), composition (ie, the different 

components of waste stream) and source of wastes.  The information relating to these basic aspects of 

wastes is vital for formulation of plan for solid waste management system in any local government. Waste 

stream assessment, however, is not a one time activity; it is a continuous dynamic process, since the 

characteristics of waste will be different depending on the region, communities, seasons etc. The 

assessment will help us in the following way:   

(i) It provides the basic data for planning, design and operation of the management system. 

(ii) The analysis of the  data helps detect changes in composition, characteristics and quantities of 

wastes, and the rates at which these changes take place, which facilitates effective implementation 

of management systems. 

(iii) It quantifies the amount and type of materials suitable for processing, recovery and recycling. 

(iv) It provides information that helps in deciding appropriate technologies and equipment. 

(v) The forecast trends assist designers and manufacturers in the production of collection vehicles and 

equipment suitable for future needs.    

Field investigations will have to be carried out in the absence of a reliable basic data and this may take any 

one or a combination of the following forms: 

Waste sorting: Sorting and weighing of wastes into predetermined components at disposal sites can be 

carried out  to determine the percentage of each component and the physical and chemical characteristics 

of wastes. 

Vehicle weighing: Vehicles are weighed when they enter the disposal sites loaded, and exit the sites 

empty.  The quantity of waste measured at disposal sites reflects a disposal factor rather than a generation 

factor. 

Field visits:  Visit to institutional and industrial sites to identify wastes being generated and disposal 

methods and also to collect samples in sealed polythene bags for laboratory analysis to identify physical and 

chemical characteristics.  Each sample may be in the range of 1.5 to 5kg.  

3.2 Waste Generation and Composition 

Information on waste quantity and composition is important in evaluating alternatives in terms of equipment, 



Short term course on Solid Waste Management                                                                          

 

Centre for Environment and Development                                                                                   CoE on SLWM, MoUD, GoI 18

system, plans and management programmes. For example, if wastes generated at a commercial facility 

consist of only paper products, the appropriate equipments are shredders and balers.  Similarly, on the basis 

of quantity generated, we can plan appropriate means for separation, collection and recycling programmes. 

Figure 3.1 below shows a simplified material-flow diagram indicating the path of generation of solid wastes. 

 

  

 

 

 

 

 

   

 

 

 

 

 

 

                          

                               Fig: 3.1 Chart showing Material Flow and Waste Generation 

Some of the general observations associated with the composition of wastes are: 

• The major constituents are paper and decomposable organic materials. 

• Metal, glass, ceramics, textile, dirt and wood form part of the composition, and their relative 

 proportion depends on local factors. 

• Average proportions of the constituents reaching the disposal sites are consistent and urban 

wastes are fairly constant although subject to long term changes such as seasonal variations. 

• Waste compositions vary with the socio-economic status within a particular community, since 

income, for example, determines life style, composition pattern and cultural behavior. 
Table 3.1  

 Typical Waste Composition 

Characteristics Low income 
population 

High income 
population Comments 

Paper 1-4% 20-50% Low paper content indicates low caloric value. 

Plastics 1-6% 5-10% Plastic is low as compared to high-income areas though 
the use of plastic has increased in recent years.  

Ash and Fines 17-62% 3-10% Ash and fines do not contribute to combustion process 

Moisture Content 30-40% 15-30% Moisture content depends largely on the nature of the 
waste, climate and collection frequency.  Waste can dry 
out while awaiting collection. 

Bulk Density 300-400 kg/m1 150 kg/m3 Heavier waste may cost more to handle and difficult to 
burn. 

Raw material 

Manufacturing 

Processing and 
recovery 

Consumer 

Final disposal 

Secondary 
manufacturing 

Residual 
waste 

Residual 
waste 

          Raw material, product and recovered material                waste material 
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The studies carried out by the National Environmental Engineering Research Institute (NEERI) in Indian 

cities have revealed that quantum of MSW generation varies between 0.21-0.35 kg/capita/day in the 

urban centres and it goes up to 0.5 kg/capita/day in large cities (NEERI, 1996). Considering this, the 

waste generation in the 

Municipalities of Kerala can be 

taken as a minimum of 0.21 

kg/capita/day with an increment 

due to the increasing trend of 

waste generation and that the 

estimate was that of 1996.  

Waste composition also depends 

on the moisture content, density 

and relative distribution of 

municipal wastes. The density of waste changes as it moves from the source of generation to the point of 

ultimate disposal, and such factors as storage methods, salvaging activities, exposure to weather, handling 

methods and decomposition influence the density. While the nature of wastes determines the type and 

intensity of pollution, it also helps us decide on the appropriate application, engineering design and 

technology for management. 

3.3   Waste Characteristics 

The characteristics of wastes can be divided into physical characteristics and chemical characteristics. The 

analysis of characteristics of waste is very important in determining the appropriate processing options and 

identification of technology.  

(i)  Physical Characteristics  

Information and data on the physical characteristics of solid wastes are important for the selection and 

operation of equipment and for the analysis and design of processing/disposal options.  The major 

components for determining the physical characteristics are: 

Density of waste: Mass per unit volume (kg/m3), is a critical factor in the design of a SWM system. 

Compaction of wastes to optimum density is one of the key factor in sanitary land fill operation.  Any normal 

compaction equipment can achieve reduction in volume of wastes by 75%, which increases an initial density 

of 100 kg/m3 to 400 kg/m3.    Significant changes in density occur spontaneously as the waste moves from 

source to disposal, due to scavenging, handling, wetting and drying by the weather, vibration to the 

collection vehicle and decomposition.   

Moisture content: Moisture content is defined as the ratio of the weight of water (wet weight – dry weight)  

Magnitude of waste sources
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to the total weight of the wet waste.  Moisture increases the weight of solid wastes, and thereby, the cost of 

collection and transport.  In addition, moisture content is a critical determinant in the economic feasibility of 

waste treatment by incineration, because wet waste consumes energy for evaporation of water and in 

raising the temperature of water vapour.  We can calculate the moisture percentage, using the formula: 

Moisture of content  = wet weight – dry weight  x 100                                                 

                                                            wet weight                                                                                                                            

A typical range of moisture content is 20 to 40%, representing the extremes of wastes in an arid climate and 

in the wet season of a region of high precipitation.  However, values greater than 40% are also seen in 

states like Kerala where the state is getting around six month’s rainfall in a year. 

Size: Measurement of size distribution of particles in waste stream is important because of its significance in 

the design of mechanical separators and shredders.  Generally, the results of size distribution analysis are 

expressed in the manner used for soil particle analysis.              

(ii) Chemical Characteristics                         

The products of decomposition and heating values are two examples of chemical characteristics. The 

knowledge on chemical characteristics is essential if solid wastes are to be used as fuel, or are used for any 

other purpose. The major components to be assessed are: 

Lipids:   This class of compounds includes fats, oils and grease, and the principal sources of lipids are 

garbage, cooking oils and fats.  Lipids have high heating values, about 38,000 kJ/kg (kilojoules per 

kilogram), which makes waste with high lipid content suitable for energy recovery.  Since lipids become 

liquid at temperatures slightly above ambient, they add to the liquid content during waste decomposition.  

Though they are bio-degradable, the rate of biodegradation is relatively slow because lipids have a low 

solubility in water.     

Carbohydrates:   These are found primarily in food and yard wastes, which encompass  sugar and polymer 

of sugars (e.g., starch, cellulose, etc) with general  formula (CH2O)x. Carbohydrates are readily biodegraded 

to products such as carbon dioxide, water and methane.  Decomposing carbohydrates attract flies and rats 

and therefore, should not be left exposed for long duration. 

Proteins: These are compounds containing carbon, hydrogen, oxygen and nitrogen, and consist of an 

organic acid with a substituted amine group (NH2). They are mainly found in food and garden wastes.  The 

partial decomposition of these compounds can result in the production of amines that have unpleasant 

odours. 

Natural fibers: These are found in paper products, food and yard wastes and include the natural 

compounds, cellulose and lignin, that are resistant to biodegradation.  (Paper is almost 100% cellulose, 

cotton over 95% and wood products over 40%).  Because they are a highly combustible solid waste, they 
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are suitable for incineration.  Calorific values of oven-dried paper products are in the range of 12,000 – 

18,000 kJ/kg and of wood about 20,000 kJ/kg, i.e., about half that for fuel oil, which is 44,200 kJ/kg. 

 

Table 3.2 

 Chemcial characterisitcs of MSW from various townships of Kerala(for reference) 

 

Sl. 

No. 

Sampling  

Locartion/area 

Density 

(Kg/m3) 

Moisture 

Content 
(%) 

Calorific 

Value 
(K.Cal/kg)

pH Organic  

Matter (%)

C  

(%) 

N 

(%) 

C/N P  

as P205  
(%) 

K 

K2O 
(%) 

1 Changanasseri 613 51.04 1331 8.3 31.95 18.53 0.55 33.51 0.49 0.54 

2 Chengannur 688 60.58 1670 7.7 26.57 15.41 0.5 30.58 0.2 0.61 

3 Muvattupuzha 538 45.08 923 8.1 30.67 17.79 0.37 47.95 0.37 0.54 

4 Pala 420 56.76 1198 6.6 23.73 13.76 0.5 27.69 0.3 0.37 

5 Kottayam 510 58.98 1408 7.4 32.27 18.72 0.33 56.89 0.52 0.46 

6 Alappuzha 570 61.61 2393 7 31 17.98 0.53 34.25 0.72 0.44 

7 Kothamangalam 472 58.12 2664 6.8 52.43 30.41 0.76 39.86 0.47 0.54 

8 Aluva 522 53.74 1523 6.6 41.76 24.22 0.53 46.13 0.24 0.51 

9 Kannur 472 46.42 -- 7.11 -- 13.91 1.16 11.99 0.41 0.45 

 Average 541.63 55.74 1638.75 7.31 33.80 19.60 0.51 39.61 0.41 0.50 

 

(After CESS, 2001; Padmalal et al., 2002;;  SEUF, 2006) 

Synthetic organic material (Plastics): Accounting for 1-10%, plastics have become a significant 

component of solid waste in recent years.  They are highly resistant to biodegradation and, therefore, are 

objectionable and of special concern in SWM. Hence, increased attention is being paid to the recycling of 

plastics.  It is to be noted that Poly Vinyl Chloride (PVC), when burnt, produces dioxin and acid gas.  The 

latter increases corrosion in the combustion system and is responsible for acid rain. 

Non-combustibles: This class includes glass, ceramics, metals, dust and ashes, and accounts for 12-25% 

of dry solids. 

Heating value: An evaluation of the potential of waste material for use as fuel for incineration requires a 

determination of its heating value, expressed as kilojoules per kilogram (kJ/kg).  The heating value is 

determined experimentally using the Bomb Calorimeter test, in which the heat generated, at a constant 

temperature of 25oC from the combustion of a dry sample, is measured. Table below shows the typical inert 

residue and heating values for the components of municipal solid waste (Tchobanoglous et al., 1977). 

When evaluating incineration as a means of disposal or energy recovery, we need to consider the heating 

values of respective constituents. For example: 
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• Organic material yields energy only when dry. 

• The moisture content in the waste reduces the dry organic material per kilogram of waste and 

requires a significant amount of energy for drying. 

• The ash content of the waste reduces the proportion of dry organic material per kilogram of waste 

and retains some heat when removed from the furnace. 

Table 3.3 

 Typical Heating and Inert Residue Values 

Inert Residue % Heating Value (kJ/kg) Component 

Range Typical Range Typical 

Food wastes 2-8 5 3500-7000 4500 

Paper 4-8 6 11500-18500 16500 

Cardboard 3-6 5 14000-17500 16000 

Plastics 2-20 10 28000-37000 32500 

Textiles 2-4 2.5 15000-20000 17500 

Rubber 8-20 10 21000-28000 18500 

Leather 8-20 10 15000-20000 17500 

Garden 
trimmings 

2-6 4.5 2300-18500 6500 

Wood 0.6-2 1.5 17500-20000 18500 

Glass 96-99 98 120-240 140 

Tin cans 96-99 96   

Nonferrous 
metals 

90-99 96 240-1200 700 

Ferrous metals 94-99 98 240-1200 700 

Dirt, ash, bricks, 
etc. 

60-80 70 2300-11500 7000 

Municipal solid 
waste 

  9500-13000 10500 

 

Ultimate Analysis: Analysis of waste to determine the proportion of carbon, hydrogen, oxygen, nitrogen 

and sulphur is known as Ultimate Analysis. This is done to make mass balance calculation for a chemical or 

thermal process and also it is necessary to determine ash fraction because of its potentially harmful 

environmental effects, brought about by the presence of toxic metals such as cadmium, chromium, mercury, 

nickel, lead, tin and zinc.   Other metals (e.g., iron, magnesium, etc) may also be present but they are non-

toxic.  Table 3.3 shows the result of ultimate analysis of a typical municipal solid waste.  
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Table 3.4 

 Typical Ultimate Analysis of Municipal Solid Waste 

Element Range (% dry weight) 

Carbon 25-30 

Hydrogen 2.5-6.0 

Oxygen 15-30 

Nitrogen 0.25-1.2 

Sulphur 0.02-0.12 

Ash 
12-30 

 

Proximate Analysis:  Proximate analysis is important in evaluating the combustion properties of wastes or 

a refuse derived fuel.  The aspects to be considered are: 

• Moisture content, which adds weight to the waste without increasing its heating value, and the 

evaporation of water reduces the heat released from the fuel. 

• Ash, which adds weight without generating any heat during combustion. 

• Volatile matter, i.e., the portion of the waste that is converted to gases before and during 

combustion; and 

• Fixed carbon, which represents the carbon remaining on the surface grates as charcoal.  A waste 

or fuel with a high proportion of fixed carbon requires a longer retention time on the furnace grates 

to achieve complete combustion than a waste or fuel with a low proportion of fixed carbon. 

Table 3.5 

 Proximate Analysis for the Combustible Components of MSW 

Value(%) Components 

Range Typical 

Moisture 15-40 20 

Volatile matter 40-60 53 

Fixed carbon 5-12 7 

Glass, metal, ash 15-30 20 

The determination of physical and chemical characteristics is one of the important component for planning 

and designing of any MSW management action plan. The selection of technology is also based on the  

characteristics of the waste. The local conditions, climate and other environmental factors can very well 

influence the physical and chemical characteristics of the MSW produced in an area.  
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3.4 Waste Processing Techniques   

(i) Mechanical Volume and Size Reduction 

The main purpose of volume and size reduction is to reduce the volume (amount) and size of waste, as 

compared to its original form, and produce waste of uniform size. Compactors are used to reduce the 

volume of wastes. Specialized compaction equipments are used to compress solid wastes into blocks or 

bales of various sizes in high pressure compactors. Size reduction helps in obtaining the final product in a 

reasonably uniform and considerably reduced size in comparison to the original form.  But size reduction 

does not necessarily imply volume reduction, and this must be factored into the design and operation of 

SWM systems as well as in the recovery of materials for reuse and conversion to energy. In the overall 

process of waste treatment and disposal, size reduction is carried out ahead of land filling, recovery of 

materials for recycling, baling of wastes, incineration, drying and dewatering of wastes etc.  

Table 3.6 

    Size Reduction Equipments 

Type Mode of action Application 

Small grinders Grinding, mashing Organic residential solid wastes 

Chippers Cutting, slicing Paper, cardboard, tree trimmings, yard waste, 
wood, plastics 

Large grinders Grinding, mashing Brittle and friable materials, used mostly in 
industrial operation 

Jaw crushes Crushing, breaking Large solids 

Rasp mills Shredding, tearing Moistened solid wastes 

Shredders Shearing, tearing All types of municipal wastes 

Cutters, Clippers Shearing, tearing All types of municipal wastes 

Hammer mills Breaking, tearing, cutting, 
crushing 

All types of municipal wastes, most commonly used 
equipment for reducing size and homogenizing 
composition of wastes 

Hydropulper Shearing, tearing Ideally suited for use with pulpable wastes, 
including paper, wood chips, Used primarily in the 
papermaking industry.  Also used to destroy paper 
records. 

 

Out of these, the most frequently used shredding equipments are Hammer mill and Hydropulper. 

There are also chemical processes wherein volume reduction occurs through chemical changes brought 

within the waste either through an addition of chemicals or changes in temperature.  Incineration is the most 

common method used to reduce the volume of waste chemically, and is used both for volume reduction and 

power production.  The other chemical methods used to reduce volume of waste chemically include 

Pyrolysis, Hydrolysis and chemical conversions.  
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Prior to size or volume reduction, component separation is necessary to avoid the problem of segregating or 

sorting recyclable materials from the mixed and compressed lumps of wastes and the poor quality of 

recyclable materials sorted out of compaction vehicles.   

3.5  Component Separation  

Component separation is a necessary operation in which the waste components are identified and sorted 

either manually or mechanically to aid further processing.  This is required for the: 

• Recovery of valuable materials for recycling; 

• Preparation of solid wastes by removing certain components prior to incineration, energy recovery, 

composting and biogas production. 

The most effective way of separation is manual sorting in households prior to collection.  The municipality 

generally provides separate, easily identifiable containers into which the householder deposits segregated  

recyclable materials such as paper, glass, metals, etc.  In case the separation is not done prior to collection, 

it could be sorted out through mechanical techniques such as air separation, magnetic separation, etc., to 

recover the wastes. Air separation is primarily used to separate lighter materials (usually organic) from 

heavier (usually inorganic) ones.  The lighter material may include plastics, paper and paper products and 

other organic materials.  There are various types of air classifiers commonly used, such as (i) Conventional 

chute type (ii) Zig-zag air classifier and (iii) Open inlet vibrator type 

The most common method of recovering ferrous scrap from shredded solid wastes involves the use of 

magnetic recovery systems.  Ferrous materials are usually recovered either after shredding or before air 

classification.  When wastes are mass-fired in incinerators, the magnetic separator is used to remove the 

ferrous material from the incinerator residue.  Magnetic recovery systems have also been used at landfill 

disposal sites. Various types of equipment are in use for the magnetic separation of ferrous materials such 

as (i) Suspended magnet and (ii) Magnetic pulley 

3.6 Screening 

Screening is the most common form of separating 

solid wastes, depending on their size by the use of 

one or more screening surfaces.  Screening has a 

number of applications in solid waste resource and 

energy recovery systems. Screens can be used 

before or after shredding and after air separation of 

wastes in various applications dealing with both light 

and heavy fraction materials.  The most commonly 

used screens are rotary drum screens and various 
Fig:3.2 Rotary Drum Screen 
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forms of vibrating screens.  Figure 3.1 shows a typical rotary drum screen. Rotating wire screens with 

relatively large openings are used for separation of cardboard and paper products, while vibrating screens 

and rotating drum screens are typically used for the removal of glass and related materials from the 

shredded solid wastes.  

Table 3.7 

 Moisture Content of Municipal solid Waste Components 
 

Moisture (in percent) Component 
Range Typical 

Food wastes 50-80 70 

Paper 4-10 6 

Cardboard 4-8 5 

Plastics 1-4 2 

Textiles 6-15 10 

Rubber 1-4 2 

Leather 8-12 10 

Garden trimmings 30-80 60 

Wood 15-40 20 

Glass 1-4 2 

Tin cans 2-4 3 

Nonferrous metals 2-4 2 

Ferrous metals 2-6 3 

Dirt, ashes, brick, etc 6-12 8 

Municipal solid wastes 15-40 20 

          Source: Tchobanoglous et al. (1993) 

 

3.7 Drying and Dewatering 

The three methods which are used generally for drying are: 

1. Convection drying (hot air is in direct contact with the wet solid waste stream) 

2. Conduction drying (the wet solid waste stream is in contact with a heated surface) 

3. Radiation drying (heat is transmitted directly to the wet solid waste stream by radiation from the 

heated body) 

Of these three methods, convection drying is used most commonly.  

Centrifugation and filtration are the two common methods for the dewatering of sludge. Sludge with solid 

content of a few percent can be thickened to about 10-15% in centrifugation and about 20 – 30% in pressure 

filtration or vacuum filtration. 
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MODULE - 4 

 

SEGREGATION, COLLECTION AND TRANSPORT 

Segregation, collection and transport of the waste from the source of generation to the processing/disposal 

site are one of the important components of the waste management. The efficiency of segregated collection 

of waste and transportation requires careful planning, implementation, tracking and monitoring systems.  

The factors that influence the waste collection system are: 

4.1 Collection points and frequency: The components such as crew size and storage, which 

ultimately control the cost of collection depends on the collection points, which is depended on  locality such 

as residential, commercial or industrial. Since, the residential wastes usually contain food wastes and other 

putrescible (rotting) material, daily collection is essential. 

4.2 Storage containers: Containers should be appropriate for the amount and type of materials and 

collection vehicles used.  Recently, in many cities  door to door collection of waste is very common and 

many cities distributed   coloured collection containers made for this purpose to houses and  institutions, viz. 

white coloured bins for non-degradables and green coloured bins for degradables.   When mechanized 

collection systems are used, containers are specifically designed to fit the truck-mounted loading 

mechanism. The containers may fall under either of the following two categories: 

Stationary containers: These are used for contents to be transferred to collection vehicles at the site of 

storage 

Hauled containers: These are used for contents to be directly transferred to a processing plant, transfer 

station or disposal site for emptying before being returned to the storage site 

4.3 Collection crew:  The size of the collection crew depends on the size and type of collection vehicle 

used, space between the houses, waste generation rate and collection frequency.  The collection vehicle 

could be a motorized vehicle, a pushcart or a trailer towed by a suitable prime mover (tractor, etc). 

4.4 Collection route:  Proper planning of collection route helps conserve energy and minimize working 

hours and vehicle fuel consumption.  It is necessary, therefore, to develop detailed route configurations and 

collection schedules for the selected collection system.    Barriers, such as rail, road, embankments, rivers 

and roads with heavy traffic, can be considered to divide route territories.  Routing (network) analysis and 

planning can be done using the detailed maps prepared using remote sensing data and GIS. Various 

management arrangements, ranging from municipal services, using self help groups to franchised services 

are prevailing for waste collection.  Kerala, one of the pioneering states that implemented the 
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decentralization of power to local governments has initiated many models in collection of solid wastes from 

the sources to the transportation points using the Self Help Groups, known as Kudumpasree groups, formed  

under the State Poverty Alleviation Mission. These Kudumpasree groups are involved in collection and local 

transportation from the place of collection to the transfer vehicles/processing sites. This has been 

successfully implemented in most of the urban local bodies and even in some panchayats. Generally the 

households are giving an amount of Rs.30-40 per month for this service. The groups are collecting wastes 

from institutions and public places also. This is one of the successful models of collection of wastes from the 

source by organized groups.        

4.5 Collection Vehicles 

The collection vehicle selected must be appropriate to 

the terrain, type of waste collection locations, density 

and characteristics of the waste, etc.  The collection 

vehicle may be small and simple (e.g., two-wheeled 

cart pulled by an individual) or large, complex and 

energy intensive (e.g., rear loading compactor truck).  

The most commonly used collection vehicle is the 

dump truck fitted with a hydraulic lifting mechanism.  

Some of the vehicle types are: 

Small-scale collection vehicles:  These can be small auto rickshaws, carts or wagons either mechanically 

operated or pulled people. They are suitable for densely populated areas with narrow lanes, and squatter 

settlements.  

Non-compactor trucks: Non-compactor trucks are efficient and cost effective in small cities and in areas 

where wastes tend to be very dense and have little potential for compaction.   

 

 

 

  

 

 

 

 

Compactor truck: Compaction vehicles are more common these days, generally having capacities of 12-15 

m3 due to limitations imposed by narrow roads.  Although the capacity of a compaction vehicle is similar to 

Fig. 4.2 Non-compactor Trucks Fig. 4.3 Compactor Trucks 

Fig:4.1  Closed truck  
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that of a dump truck, the weight of solid wastes collected per trip is 2 to 2.5 times larger since the wastes are 

hydraulically compacted.  

Efficient routing of solid waste collection vehicles is essential for SW management system. A detailed 

network planning taking in to consideration of the collection area, geographic boundaries, amount of waste 

to be collected, condition of the road, traffic situation and time of collection, etc., has to be done using maps 

and GIS. 

4.6 Transfer Station 

Transfer station is a centralized facility, where waste is unloaded from smaller collection vehicles and re-

loaded into large vehicles for transport to a disposal or processing site.  This transfer of waste is frequently 

accompanied by removal, separation or handling of waste.  In areas, where wastes are not already dense, 

they may be compacted at a transfer station.  The technical limitations of smaller collection vehicles and the 

low hauling cost of solid waste, using larger vehicles, make a transfer station viable.  Also, the use of 

transfer station proves reasonable, when there is a need for vehicles servicing a collection route to travel 

shorter distances, unload and return quickly to their primary task of collecting the waste. 

The main problem in the establishment of a transfer station is securing a suitable site.  Stored solid wastes 

and recyclable materials, if not properly handled, will attract files and other insect vectors.  Odours from the 

transferred solid wastes will also be a nuisance, if not properly controlled. In addition, the traffic and noise 

due to small and large collection vehicles, collectors, drivers, etc., invite the resentment of the communities 

living in the vicinity of transfer stations. 
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MODULE - 5 

 

WASTE DISPOSAL OPTIONS 
 

Disposal/Processing is the final element in the SWM system. It is, essential  to have a proper plan for the 

recovery of conversion products/energy and disposal of rejects. An efficient SWM system must provide an 

environmentally sound disposal option for waste that cannot be reduced, recycled, composed, combusted, 

or processed further. Some of the options available for waste disposal are   Uncontrolled dumping or non-

engineered disposal, Sanitary Landfill, Composting, Incineration, Gasification, Refuse-Derived Fuel 

(RDF) and Pyrolysis.   

The relative merits and demerits of some of the options are given in Table 5.1 

Table 5.1  

 Relative Merits of Disposal Options 

Disposal option  

Sustainability Indicator 

               

Non-engineered 
Disposal 

Sanitary 
Landfill Composting Incineration 

Volume reduction X X X  

Expensive X    

Long-term maintenance   X X 

By-product recover X    

Adaptability to all wastes   X X 

Adverse environmental 
effect   X  

 

With the help of proper frameworks and sub-frameworks, we can assess the effectiveness of each of the 

waste disposal options.  A framework contains a list of issues and questions pertaining to the technical, 

institutional, financial, social and environmental features of a waste disposal system to assess the capacity 

of a disposal option to meet the requirements. The various disposal methods available are discussed below  

5.1 Sanitary Landfill 

The term landfill generally refers to an engineered deposit of wastes either in pits/trenches or on the surface. 

When compared to uncontrolled dumping, engineered landfills are more likely to have pre-planned 
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Box 5.1  Waste-to-Energy Technologies           

Waste-to-energy technologies, such as anaerobic digestion, 

gasification, incineration, pyrolysis, and pelletization, are often 

pushed by vendors of waste treatment technologies. However, they 

have yet to be proven under Indian conditions. Waste-to-energy 

projects initiated in Delhi and recently in Lucknow have failed 

miserably. Those experiences have been a serious setback to the 

image and feasibility of such technologies in India.  

 

 

          Fig:5.1 Bio gas unit 
 

 

Thus, they cannot be considered MSW waste-to-energy plants. The 

matter needs further investigation. Finally some small 

biomethanation (anaerobic digestion) plants are working successfully 

in Andhra Pradesh,Kerala and in Maharashtra, where methane 

energy is produced from kitchen waste and green waste 

 

installations, environmental monitoring, and organized and trained workforce. Sanitary landfill 

implementation, therefore, requires careful site selection, preparation and management. The four minimum 

requirements to be considered for a sanitary landfill are: 

 (i)  full or partial hydrological isolation 

(ii)  formal engineering preparation; 

(iii)  permanent control; and 

(iv)  planned waste emplacement and covering 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) Landfill Processes  

Site selection process: This requires the development of a working plan- a plan, or a series of plans, 

outlining the development and description of site location, operation, engineering and site restoration.Under  

Two waste-to-energy plants 

based on refuse-derived fuel 

were set up in Andhra 

Pradesh in 2003. Each of 

these plants produces 6.5 

megawatts of power. 

However, the plants may be 

using predominately 

agricultural waste and not 

MSW.

The purpose of land filling is to bury or 

change the chemical composition of the 

wastes so that they do not pose any 

threat to the environment or public 

health.  Landfills are not homogeneous 

and are usually made up of cells in which 

a discrete volume of waste is kept 

isolated from adjacent waste cells by a 

suitable barrier.  The barriers between 

cells generally consist of a layer of 

natural soil (i.e., clay), which restricts 

downward or lateral escape for the waste 

constituents or leachate. Land filling 

relies on containment rather than 

treatment (for control) of wastes.  If 

properly executed, it is a safer and 

cheaper method. An environmentally 

sound sanitary landfill comprises 

appropriate liners for protection of the 

groundwater (from contaminated 

leachate), run-off controls, leachate 

collection and treatment, monitoring wells 

and appropriate final cover design.  
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the MSW rules vide Gazette Notification Number 648 extra ordinary under schedule II Sr. No. 6 and 

Schedule III requirements for sanitary landfill have been specified. Development and operation of SLF is an  

integral part of MSW processing. The remnants from processing and unusable waste have to be disposed 

off in SLF on daily basis. The overall approach to the development of the common sanitary landfill is 

formulated to satisfy the regulatory requirements of MoEF and CPHEEO guidelines with objectives of 

environmental protection. 
 

(ii)  Landfill Design Criteria 
 

Design considerations for sanitary landfill development are primarily guided by the characteristics of the 

proposed site and the guidelines framed by the Ministry of Environment and Forests, Government of India. 

Part II, Section 3, Sub-Section (ii), Rule 6(1), 6 (3) and 7 (2) of these guidelines indicate that the sanitary 

landfill shall comply with the following conditions: 

 

• The minimum bottom liner specifications shall be a composite barrier having 1.5 mm High Density 

Polyethylene (HDPE) geomembrane overlying 900 mm of soil(clay/amended soil) having 

permeability coefficient not greater than 1 x 10-7 cm/sec. The surface below amended soil layer 

should be well compacted 

• Waste shall be compacted adequately and provided with daily cover of minimum 10cm of soil inert 

debris 

• Prior to commencement of monsoon intermediate cover of thickness of about 45 cm has to be 

provided with proper compaction and grading to prevent infiltration during monsoon. Proper 

drainage berms shall be provided to divert runoff from the active cell of the landfill 

• The final cover shall have a barrier layer comprising of 60 cm of clay/amended soil with 

permeability coefficient not greater than 1 x 10-7 cm/sec., on the top of the barrier soil layer there 

shall be a composite barrier having 1.5 mm High Density Polyethylene (HDPE) sheet. Over that 

there shall be a drainage layer of 15 cm and on the top of drainage layer there shall be a vegetative 

layer of 45 cm thick 

• The post closure care of landfill site shall be conducted for at least fifteen years and long-term 

monitoring plan shall be prepared 

• In order to prevent the pollution problems storm water diversion drains, leachate collection and 

treatment system and preventive measures for runoff from landfill area entering any stream, lake, 

river or pond shall be provided 

• Buffer zone around the landfill site and a vegetative cover over the completed site shall be provided 

• Leachate monitoring well has to be provided.  
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Preparation of Liner System 
 

• Liner system within a landfill involves prevention of percolation of leachate from waste in landfill to 

the sub-soil by a suitable protective system (liner system), which comprises of a combination of 

barrier material such as natural clay and amended soil and a flexible geo-membrane . The liner 

system will be of low permeability and will be robust, durable and to resist the chemical attack, 

puncture, rupture, etc. 

• The liner system is designed in compliance with Municipal Solid Waste (Management and 

Handling) Rules 2000 and, will comprise, a 90cm thick compacted clay or amended soil of 

permeability not greater than 1x10-7, a HDPE geo-membrane liner of thickness 1.5mm and a 

drainage layer of 15cm thick granular material of permeability not greater than 1x10-2 cm/sec. 

• Preparation of Amended Soil Liner. The permeability of local soil is in the range 2.83 x 10 -5 cm / 

sec. To reduce the permeability to 1x10-7, the soil will be amended with Bentonite, which is known 

to have permeability of the order 1 x 10 -7 cm/sec. 

• Based on the soil characteristics, it is recommended to maintain the soil and bentonite proportion 

as 80:20 and mix the additives on site, before it is placed at the base of the landfill site, as a barrier 

layer. 

• After the preparation of the amended soil liner, the liner should be constructed in series of lifts each 

of 25cm compacted to about 15cm by four to five passes of sheep foot roller. The finished 

thickness of the liner should be 90 cm and the final permeability of the amended soil should also be 

checked for the desired permeability of 1 x 10 -7. 

• Geo-Membrane Liner. Geo-membrane is relatively a thin sheet of flexible thermoplastic or 

thermopolymeric material. Because of their inherent impermeability, geo-membranes are proposed 

as barrier layer in landfill site. Even though geo-membranes are highly impermeable, their safety 

against manufacturing, installation, handling and other defects is essential criteria in design of liner 

system. The effectiveness of barrier layers  basically depends on the hydraulic conductivity of the 

day / amended clay liner and density of geomembrane. The clay liner is effective only if it is 

compacted properly and geomembrane liner is effective only if it has a density or mass per unit 

area is sufficient enough against puncture.  

Installation of the Geomembrane Liner  

In order to strengthen the base to avoid any seepage of generated leachate, a layer of 1.5 mm thickness 

Geomembrane (HDPE liner) is laid over the clay liner. This liner is laid with the help of double wedge hot 

shoe welder to prevent leakage and testing is done for the same. The liner shall be anchored at the top of 

landfill side wall and side cutting beyond the stipulated area of the fill. 
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Drainage layer 

Granular Soil Material with 6 mm stone aggregate. At the bottom of the liner, coarse sand would be spread. 

The thickness of the sand would be 300mm thick.  

Settling Process in a Landfill  

• Primary consolidation: During this stage, a substantial amount of settling occurs.  This settlement 

is caused by the weight of the waste layers.  The movement of trucks, bulldozers or mechanical 

compactors will also enhance this process.  After this primary consolidation, or short-term 

deformation stage, aerobic degradation processes occur. 

• Secondary compression: During this stage, the rate of settling is much lower than that in the 

primary consolidation stage, as the settling occurs through compression, which cannot be 

enhanced. 

• Decomposition: During the degradation processes, organic material is converted into gas and 

leachate.  The settling rate during this stage increases compared to the secondary compression 

stage and continues until all decomposable organic matter is degraded.   

 

 

 

 

 

 

 

 

                                              

                                         Fig: 5.2   Settling process in a  landfill 

The microbial degradation process is the most important biological process occurring in a landfill. These 

processes induce changes in the chemical and physical environment within the waste body, which 

determines the quality of leachate and both the quality and quantity of landfill gas.  Since, landfills mostly 

receive organic wastes microbial processes will dominate the stabilization of the waste and therefore govern 

landfill gas generation and leachate composition.  Soon after disposal, the predominant part of the wastes 

becomes anaerobic, and the bacteria will start degrading the solid organic carbon, eventually to produce  
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carbon dioxide and methane. The biotic factors that affect methane formation in the landfill are pH, alkalinity, 

nutrients, temperature, oxygen and moisture content. 

(iii) Leachate Formation :  

Leachate can pollute both groundwater and surface water.  The degree of pollution will depend on local 

geology and hydrogeology, nature of waste and the proximity of susceptible receptors. The amount of 

leachate generated depend on: 

• Water availability 

• Landfill surface condition 

• Refuse state 

• Condition of surrounding strata 

The major factor, i.e., water availability, is affected by precipitation, surface runoff, waste decomposition and 

liquid waste disposal.  The water balance equation for landfill requires negative or zero (“Lo”) so that no 

excess leachate is produced.  This is calculated using the following formula. 

Lo = I – E – aW 

ie       I – E < aW 

where Lo = free leachate retained at site (equivalent to leachate production minus leachate leaving the site); 

I = total liquid input; E = evapotranspiration losses; a = absorption capacity of waste; and W = weight of 

waste disposed. 

Common toxic components in leachate are ammonia and heavy metals, which can be hazardous even at 

low levels, if they accumulate in the food chain.  The presence of ammoniacal nitrogen means that leachate 

often has to be treated off-site before being discharged to a sewer, since there is no natural bio-chemical 

path for its removal. Leachate composition varies with time and location. It is generally difficult to predict the 

movement of escaped leachate accurately.  The main controlling factors are the surrounding geology and 

hydrogeology.  Escape to surface water may be relatively easy to control, but if it escapes to groundwater 

sources, it can be very difficult both to control and clean up. The degree of groundwater contamination is 

affected by physical, chemical and biological factors.  The best way to control leachate is through 

prevention, which should be integral to the site design.  In most case, it is necessary to control liquid access, 

collection and treatment, all of which can be done using the following landfill liners. 

Natural liners: These refer to compacted clay or shale, bitumen or soil sealants etc, and are generally less 

permeable, resistant to chemical attack and have good adsorption properties.  They generally do not act as 

true containment barriers, because sometimes leachate migrates through them. 

Synthetic (geo-membrane) liners: These are typically made up of high or medium density  



Short term course on Solid Waste Management                                                                          

 

Centre for Environment and Development                                                                                   CoE on SLWM, MoUD, GoI 36

polyethylene(HDPE) and are generally less permeable, easy to install, relatively strong and have good 

deformation characteristics.  They sometimes expand or shrink according to temperature and age. The 

natural and geo-membrane liners are often combined to enhance the overall efficiency of the containment 

system. 

(iv)  Leachate Treatment 

Concentrations of various substances occurring in leachate are too high to be discharged to surface water or 

into a sewer system. These concentrations, therefore, have to be reduced by removal, treatment or both.  

The various treatments of leachate include: 

Leachate recirculation: It is one of the simplest forms of treatment.  Recirculation of leachate reduces the 

hazardous nature of leachate and helps wet the waste, increasing its potential for biological degradation. 

Biological treatment: This removes BOD, ammonia and suspended solids.  Leachate from land fill waste 

can be readily degraded by biological means, due to high content of volatile fatty acids (VFAs).  The 

common methods are aerated lagoons (i.e, special devices which enhance the aerobic processes of 

degradation of organic substances over the entire depth of the tank) and activated sludge process, which 

differs from aerated lagoons in that, discharged sludge is re-circulated and often leads to BOD and ammonia 

removal.  While under conditions of low COD, rotating biological contractors (i.e, biomass is brought into 

contact with circular blades fixed to a common axle which is rotated) are very effective in removing 

ammonia.  In an aerobic treatment system, complex organic molecules are fermented in filter. The common 

types are anaerobic filters, anaerobic lagoon and digesters. 

Physiochemical treatment: After biological degradation, effluents still contain significant concentrations of 

different substances. Physiochemical treatment processes could be installed to improve the leachate 

effluent quality.  Some of these processes are flocculation and precipitation. Separation of the floc from 

water takes place by sedimentation, adsorption and reverse osmosis. 

(v)  Leachate and Landfill Gas  

Leachate  may contaminate the surrounding land and water, landfill gas can be toxic and lead to global 

warming and explosion leading to human catastrophe.  The major factors, which affect the production of 

leachate and landfill gas are nature of waste,moisture content,pH,particle size and density, temperature etc. 

The composition of waste, which varies with region and climate (season), determines the variation in 

pollution potential.  Carbohydrates comprise a large percentage of biodegradable matter within municipal 

waste, the overall breakdown of which can be represented by the following equation: 

(Bacteria) 

C6H12O6                 CH4       +        CO2     +       Biomass   +  Heat 

(carbohydrate)     (methane)             (carbon dioxide) 
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Landfill gas contains a high percentage of methane due to the anaerobic decomposition of organic matter, 

which can be utilized as a source of energy. It is possible to predict the amount and composition of the gas 

generated for different substrates, depending on the general anaerobic decomposition of wastes added.  

Climate and environmental conditions also influence gas composition.  Due to the heterogeneous nature of  

the landfill, some acid-phase anaerobic decomposition occurs along with the methanogenic decomposition.  

Since aerobic and acid-phase degradation give rise to carbon dioxide and not methane, there may be higher 

carbon dioxide content in the gas generated than what would otherwise be expected.  Furthermore, 

depending on the moisture distribution, some carbon dioxide goes into solution. This may appear to increase 

(artificially) the methane content of the gas measured in the landfill. A typical landfill gas contains a number 

of components such as the following, which tend to occur within a characteristic range:  

Methane: This is a colourless, odourless and flammable gas with a density lighter than air, typically making 

up 50-60% of the landfill gas 

Carbon dioxide: This is a colourless, odourless and non-inflammable gas that is denser than air, typically 

accounting for 30-40% 

Oxygen: The flammability of methane depends on the percentage of oxygen. It is, therefore, important to 

control oxygen levels, where gas abstraction is undertaken. 

Nitrogen: This is essentially inert and will have little effect, except to modify the explosive range of methane. 

 If the escape of landfill gas is controlled and proper extraction system is designed, this gas can be utilized 

as a source of energy. Landfill gas utilization can save on the use of fossil fuels since its heating value is 

approximately 6 kWh/m3 and can be utilized in internal combustion engines for production of electricity and 

heat. 

Leachate and landfill gas management: The basic elements of the leachate collection system (i.e., drain 

pipes, drainage layers, collections pipes, sumps etc) must be installed immediately above the liner, before 

any waste is deposited.  Particular care must also be taken to prevent the drain and collection pipes from 

settling.  During landfill operations, waste cells are covered with soil to avoid additional contact between 

waste and the environment.  The soil layers have to be sufficiently permeable to allow downward leachate 

transport.  Landfill gas is not extracted before completion, which includes construction of final cover of the 

waste body.  Extraction wells (diameter 0.3 to 1.0m) may be constructed during or after operation.  

Landfill capping:  Capping is required to control and minimize leachate generation (by minimizing water 

ingress into the landfill) and facilitate landfill gas control or collection (by installing a low permeability cap 

over the whole site).  A cap may consist of natural (e.g., clay) or synthetic (e.g., poly-ethylene) material with 

thickness of at least 1 mm.    Designs for capping should, therefore, include consideration of leachate and 

landfill gas collection wells or vents.  For the cap to remain effective, it must be protected from agricultural 

machinery, drying and cracking, plant root penetration, burrowing animals and erosion.  
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Refuse placement:  The working space should be sufficiently extensive to permit vehicles to manoeuvre 

and unload quickly and safely without impeding refuse spreading, and allow easy operation of the site 

equipment. Depositing waste in thin layers and using a compactor enables a high waste density to be 

achieved.  Each progressive layer should not be more than 30 cm thick.  The number of passes by a 

machine over the waste determines the level of compaction. 

Covering of waste: At the end of each working day, all exposed surfaces, including the flanks and working 

space, should be covered with a suitable inert material to a depth of at least 15 cm.  This daily cover is 

considered essential, as it minimizes windblown litter and helps reduce odours.  Cover material may be 

obtained from on-site excavations or inert waste materials coming to the site.  Pulverised fuel ash or sewage 

sludge can also be used for this purpose. 

The equipment most commonly used on landfill sites includes steel wheeled compactors, tracked dozers, 

loaders, earthmovers and hydraulic excavators.  Scrapers are used for excavating and moving cover 

materials 

 

 

 

 

 

 

Monitoring 

Leachate/gas:  Monitoring of leachate/gas plays a vital role in the management of landfills. Data on the 

volume of leachate/gas and their composition are essential for proper control of leachate/gas generation and 

its treatment. Knowledge of the chemical composition of leachate/gas is also required to confirm that 

attenuation processes within the landfill are proceeding as expected.  Various systems for monitoring the 

leachate level are in use, and are mostly based on pipes installed prior to land filling.  Small bore perforated 

plastic pipes are relatively cheaper and easier to install, but have the disadvantage of getting damaged 

faster during infilling. Placing pipes within a column or tyres may however, offer some protection. 

Groundwater: A continued groundwater-monitoring programme for confirming the integrity of the liner 

system is essential.  During site preparation, a number of monitoring boreholes need to be provided around 

the site. The location, design and number of boreholes depend on the size of the landfill, proximity to an 

aquifer, geology of the site and types of wastes deposited. Installation of a double liner system can make the 

monitoring exercise more accurate and easier to perform. Water should be regularly flushed through the  

 

Fig: 5.3 Preparation of landfill Fig: 5.4 Completed landfill 
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secondary leachate collection system. In case this water is polluted, the primary leachate barrier will be 

damaged, and if repair is not considered possible, the leachate collected must be transported to the 

leachate treatment facility. 

 

(vi)  Environmental Effects of Landfill 

Some of the major environmental effects are described below: 

 

(i)  Wind-blown litter and dust are continuous problems of the ongoing landfill operation and a nuisance to 

the neighborhood.  Covering the waste cells with soil and spraying water on dirt roads and waste in dry 

periods, in combination with fencing and movable screens, may minimize the lproblem of wind-blown litter 

and dust.  However, note that the problem will remain at the tipping front of the landfill. 

(ii) Movement of waste collection vehicles, emptying of wastes from them, compactors, earthmoving 

equipment, etc., produce noise.  Improving the technical capability of the equipment, surrounding the fill area 

with soil embankments and plantations, limiting the working hours and appropriately training the workforce 

will help minimize noise pollution. 

(iii) Birds (e.g., scavengers), vermin, insects and animals are attracted to the landfill for feeding and 

breeding.  Since many of these may act as disease vectors, their presence is a potential health problem. 

(iv) Surface run-off, which has been in contact with the land filled waste, may be a problem in areas of 

intense rainfalls.  If not controlled, heavily polluted run-off may enter directly into creeks and streams.  

(v) Careful design and maintenance of surface drains and ditches, together with a final soil cover on 

completed landfill sections can help eliminate this problem. 

(vi) Gas released, as a result of degradation or volatilization of waste components, causes odour, 

flammability, health problems and damage of the vegetation (due to oxygen depletion in the root zone).  This 

can be controlled through liners, soil covers, passive venting or active extraction of gas for treatment before 

discharge into the atmosphere. 

(vii) Polluted leachate appears shortly after disposal of the waste. This may cause groundwater pollution of 

streams through sub-surface migration.  Liners, drainage collection, treatment of leachate, and groundwater 

and downstream water quality monitoring are necessary to control this problem. 

(viii) Besides the emissions, incidental events such as flooding, fires, landslides and earthquakes result in 

severe environmental impacts, and may require preventive measures with respect to landfill site selection, 

design and operation.  In short, to minimize adverse environmental impacts due to sanitary landfill, proper 

attention must be paid to the environmental aspects at all stages and phases of landfill management, viz., 

site selection, design construction, operation and maintenance 
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MODULE - 6 

 

REDUCTION AT SOURCE, PRODUCT RECOVERY AND RECYCLING 
 

Source reduction refers to the activities that reduce the amount of waste generated at source as well as 

activities that involve any change in the design, manufacture, purchase or usage of materials/ products to 

reduce their volume and/or toxicity, before they become part of the solid waste stream . A successful 

implementation of source reduction programme requires the co-operation of all stakeholders as the goals 

and actions of the local waste management system are specific to local conditions. In fact, source reduction 

programme should be part of a community waste management plan.  

6.1 Objectives of Source Reduction 

(i) Reuse of Products: Using reusable products will reduce the amount of materials that are to be managed 

as wastes. An example of product reuse is the reusable shopping bag. 

(ii) Material volume reduction: Reducing the volume of material used changes the amount of waste 

entering the waste stream. This helps in controlling the waste generated and its disposal. For example, 

buying in bulk or using large food containers reduces the amount of packaging waste generated. 

(iii) Toxicity reduction: Source reduction reduces the amount of toxic constituents in products entering the 

waste stream and reduces the adverse environmental impacts of recycling or other waste management 

activities. For example, substitution of lead and cadmium in inks (solvent-based to water-based) and paints 

is a source reduction activity. 

(iv) Increased product lifetime:  Source reduction facilitates the use of products with longer lifetime over 

short-lived alternatives that are designed to be discarded at the end of their useful lives. It encourages a 

product design that allows for repair and continued use rather than disposal. Manufacturing long-life tyres is 

a good example of increasing product lifetime. 

(v) Decreased consumption: This refers to the reduced consumption of materials that are not reusable 

(e.g., using a reusable shopping bag instead of picking up plastic bags from the store).  

The source reduction can only be achieved through the participation of the community for which constant 

IEC programmes are essential. Another method to achieve source reduction is providing financial incentives 

and disincentives like linking an economic benefit to the implementation of source reduction activities. Still 

another important method is regulation. Although most regulation occurs at the national and state level, local 

authorities can participate in legislative activities in developing regulations that affect municipal SWM.  

Monitoring facilitates the evaluation (i.e., efficacy and efficiency) of source reduction, the identification of 

possible source reduction measures and programme revisions and obtaining of funds and resources for 

source reduction initiatives / programmes. Monitoring should, therefore, be an integral part of a source   

reduction programme 
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6.2 Life Cycle Analysis  

An environmental economic analysis will help us understand the trade-offs between source reduction, 

durability, use of recycled material and other environmental benefits. Obviously, we choose the process that 

yields the greatest overall environmental benefits. Ideally, to assess and quantify these trade-offs, a life 

cycle analysis (LCA) – variously known as life cycle assessment, ‘cradle to grave analysis’ or ‘econ-balance’ 

– is required, which involves the evaluation of some aspects, particularly the environmental aspect, of a 

product through all stages of its life cycle. 

LCA, in essence, takes a detailed look at all resources used and the products and by- products generated 

throughout entire life of a product or process. The analysis begins with raw materials and energy acquisition, 

examines manufacturing and product fabrication, filling, packaging and distribution, and consumer use and 

reuse, and finally ends with an analysis of waste management. 

6.3 Recycling Programme 

Recycling is one of the fundamental parts of the waste management plan. Recycling has a lot of direct 

significance for the society such as (i) Economic significance which includes cost reduction, employment 

generation, energy saving, reduced health care costs etc.,(ii) Environmental and health significance such as 

improved environment, natural resources conservation etc., and (iii) Social significance.  The recycling of 

waste will increase the economic value of the waste and will reduce quantum of waste to be disposed. The 

major components of recycling programme are:  

Source separation is an important activity in any recycling programme and it refers to the segregation of the 

recyclable and reusable materials at the source of generation. This requires separation of different 

components in different containers. In some places, a well planned programme for collection of recyclable 

materials are in place like Drop-off programme and Buy-back programme. A drop- off programme requires 

resident to separate the recyclable materials and bring them to a specified drop off or collection. Buy- back 

refers to a drop- off programme that provides monetary incentives to participate. In this type of programme 

the resident are paid back for their recyclable material directly or indirectly through the reduction in collection 

and disposal fees. Collection vehicles that are designed specifically for collecting recyclables have several 

storage bins, which can be easily loaded and often equipped with automatic container-tipping devices.  

(i)  Processing Equipment for Recycling 

Recycling involves a number of processing techniques and these processes require different equipments 

such as: 

Balers: Balers can be used to reduce the volume of many types of materials including paper, cardboard, 

plastics and cans. Balers can improve space utilization and reduce material transportation costs. 

Can densifiers: Can crushers are used to reduce the volume of  aluminium and steel cans prior to 

transport. 
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Glass crushers: These are used to process glass fraction separated by colour and break it into small 

pieces. This crushed material is then called cullet, and can be reprocessed into new glass products. 

Magnetic separators: These are used to remove ferrous material from a mixture of materials. 

Wood grinders: These are chippers and are used to shred large pieces of wood into chips that can be used 

as mulch or as fuel. 

(ii)  Commonly Recycled Materials and Processes 

In this section, we will discuss some, commonly recycled materials, the technologies used to recycle them 

and their specific environmental and economic impacts. 

Paper and Cardboard 

Paper and cardboard form the second biggest component of domestic waste after organic waste, and 

contribute to about 13% of the total domestic solid waste. Paper recycling is one of the most profitable 

activities and is practiced extensively. It reduces the demand for wood and energy and helps solve littering 

problem in the city and around dumping site. It has an acceptable working condition and health risks are 

limited. Recovered paper and paper products are bought and sold through a well-established network of 

local processors and vendors who typically bale these materials for sale. Of late, paper mills have started 

buying directly from the collectors 

The paper industry is making a significant investment in manufacturing capacity for making paper and paper 

products with recycled content. Recovered paper is classified as newsprint, corrugated cardboard, mixed 

paper (including magazines, junk mail and cardboard), high-grade paper (white office paper, photocopying 

paper), and pulp substitute paper (usually mill scrap).  Paper mills, the most common end users of 

recovered paper, use the material as a feedstock to manufacture recycled paper and paper products, such 

as newsprint, chipboard, craft linerboard, corrugating medium, roofing felt and tissue products.  Shredded 

paper is used to make animal bedding, hydro mulch, moulded pulp products and cellulose insulation. 

A typical input-output model of the paper processing technique consists of the following: 

Material inputs:  Paper/cardboard scrap, magazines, newspapers, computer paper, wrapping paper, craft 

sacks, cartons etc 

Product outputs: paper sheets, boxes, filter paper, mosquito mats (to absorb chemical repellent), 

merchandising packets, decorative items, etc. 

The technology in the recycling of paper and cardboard involves the following processes: 
  

Cardboard processing (semi-mechanical) plant: In semi-mechanical plants, paper scrap is pulped in a 

beater machine.  The paper pulp is spread on a rotating sieve and pressed mechanically.   
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Cutting is done manually and after cutting and sun-drying, the cardboard is calendered and sheared into 

sheets   from which boxes for shoes, sweets, etc., are made. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

                                   

 

                                             

Fig. 6.1  Cardboard Processing (Semi – Mechanical) 

 

Hand-made paper:  In hand-operated units, pulping and beating of paper is done manually in an open 

masonry or concrete tank. The material is sieved in a second tank and diluted with water to a specific 

consistency.  A wooden framed screen is dipped in the tank in order to form an even layer of the wet pulp to 

a desired thickness (over the screen mat). The layer is skillfully removed and transferred from the mat and 

the sheets are sun dried on smooth walls or on other smooth surfaces. The dried sheets are then pressed 

and cut into required sizes.  The calendering is performed in an electrically operated machine.  
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Fig.6.2  Hand-Made paper Processing 

 

Glass 

Glass is one of the most commonly recycled materials, and the market for post consumer glass has 

historically been steady.  Glass generally accounts for 2.5% by weight of the total solid waste generated. 

Though it does not contribute to the environmental problem, glass does cause a serious problem of littering.   

The economic impacts are cost of waste collection and disposal, reduction in use of natural products and 

energy consumption. 

 

Feed Stock 

Soaking tank 

Pulp tank 

Paper formation on screen 

Beating operation by feet 

Draining of water from paper sheet  

Transfer of wet sheets for piling 

Sun drying 

Pressing and cutting 

Finished Product  



Short term course on Solid Waste Management                                                                          

 

Centre for Environment and Development                                                                                   CoE on SLWM, MoUD, GoI 45

 

Recycling of broken glass reduces the risk of diseases caused by cuts and wounds. Glass recycling is a 

labour intensive process and provides employment opportunity. Glass is typically broken for size reduction 

or crushed and ultimately sold to glass manufacturers as furnace-ready cullet after metal caps, rings, labels, 

etc are removed. 

Glass manufacturers purchase glass for reprocessing into new, clear, green and brown glass jars and 

bottles.  The market for recovered glass has been strong and stable for brown and clear containers.  Green  

glass, however, is seldom used to package goods domestically, so fewer companies produce glass of this 

colour.  Alternative markets for glass include art glass, sandblasting, and industrial windowpane glass and 

fiberglass insulation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.3 Glass Processing (Semi – Mechanical) 

 

Metals 

Ferrous metals like iron, steel, etc., and non-ferrous metals like aluminium, copper, zinc, lead, silver, etc., 

are some of the metals, which exist in the waste stream.  On an average, metals account for 2% of total  
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solid waste generated.  Extraction of metals from natural ores depletes the mineral resources.  Metals when 

dumped at landfill sites produce hazardous leachate with heavy metals in solution. 

Using recycled metals substantially reduces operating costs of industries. Metal scrap is cheap and the 

energy consumption is lower when products are manufactured from scrap. The long standing track record 

makes ferrous and non-ferrous metal market among the most stable of all recyclable materials. Ferrous 

scrap includes household appliances, equipments, cans, and other iron and steel products.  Non-ferrous 

scrap metals include aluminium, copper, lead, tin, etc.  Both ferrous and non-ferrous metals can be prepared 

for sale through some combination of processing by flattening, baling and shredding of the material.  In 

some cases, processors melt the metal into ingots before selling it to end use markets.  Several foundries 

and steel mills have begun or expanded recycling efforts, and steel mini-mills also appear to be increasing 

their use of recovered steel in regions which typically lack large mills. The typical material inputs and product 

outputs in this industry’s are the following: 

(i)    Material inputs: Aluminium, brass, copper, zinc, tin, iron, steel etc. 

(ii)  Products outputs: Sanitary and gas fittings, funnels, buckets and storage bins, reinforced steel bars, 

hand tools etc. 

Plastics 

Plastic is posing serious littering problem in cities and around collection points and dumping sites.  With an 

average 8% by weight of the total amount of domestic waste, plastic is one of the major constituents in 

waste stream.  Un-recycled plastic, when burned, contributes to green-house gases.  The direct benefits of 

recycling plastic waste are reduction in the cost of raw material and energy saving. Plastic recycling also 

helps in employment generation along with reduction of volume transport and space requirements for 

dumping. 

Volume reduction is done locally by flattering, baling or granulating, and sold either to converters, where the 

resins are turned into pellets, or directly to domestic or export end users for remanufacture into products 

such as bottles, carpet and carpet backing, flower pots and insulation material. 

Post-consumer plastic-resin recycling technology has developed more rapidly than technologies for any 

other recovered material in the last half century.  Only five to ten years ago post-consumer high-density 

polyethylene (HDPE) and polyethylene terephthalate (PET) plastics were vaguely considered recyclable. 

These two resins, especially HDPE milk jugs and bottles and clear PET plastics, now hold a stronger place 

in the market. End uses for recycled HDPE include non-food bottles, drums, toys, pipes, sheets and plastic 

pellet, and for PET include plastic fibres, injection moulding, non-food grade containers and chemicals.  The 

recyclability of other resins, such as polystyrene, polyvinyl chloride, low-density polyethylene (LDPE), 

polypropylene and mixed plastic resins is making strides but much remains to be done.  The input materials 

and the output products involved in the recycling of plastics are:  

(i) Material input: Plastic scrap (thermoplastic and thermosetting). 

(ii) Product output: Toys, boxes, slippers, shoes, pellets, buckets, cans etc. 
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Processing of Plastics 

In plastic processing, the primary steps are sorting by colour and quality and cutting and crushing the sorted 

material.  The crushed product (granules) of plastic is melted, colour dyed and manually moulded into a 

cheaper product. The polyvinyl chloride plastic is blended with a specific colour dye in a mixing machine.  

The coloured material passes through an extruder machine to produce thick plastic strands.  The strands 

are manually cut into lumps and these are used for manufacturing items either manually or mechanically 

 

 

 

 

                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6.4 Plastic Processing  

In the manual process, the lumps are further chopped into smaller pieces and melted.  The melted material 

is moulded into products such as shoe soles, toys and boxes.  Machineries used in this process are 

electrically operated crusher, extruder, mixer and manually operated moulding machine (in which material is 

electrically heated at 3590C). 

Batteries and Tyres 

Battery recycling is not only a response to market condition (i.e., price of lead) but also is important due to 

concern over the toxic compound including lead, cadmium and mercury present in many batteries.   
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Like other materials, battery recycling depends largely on market conditions and requires consistent 

collection and processing.  Household batteries come in a variety of types including alkaline, carbon, zinc, 

silver, nickel, cadmium etc.  Only those containing mercury and silver are marketed to end users, who 

extract metals.  Automobiles use lead acid battery, which contains lead and sulphuric acid, both hazardous 

materials.  Battery reprocessing includes breaking open the batteries, neutralizing the acid, chipping the 

container for recycling and smelling the lead to produce recyclable lead. 

Tyres represent a special challenge to solid waste recycling programme.  The use of chipped or shredded 

tyres as source for fuel is growing. Electricity-generating facilities, pulp and paper mills and cement kilns are 

the most common processes using scrap tyres. 
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MODULE- 7 

 

RECOVERY THROUGH COMPOSTING AND BIOMETHANATION 

 

7.1 Composting 

Any organic material that can be biologically decomposed is compostable.  In fact, human beings have used 

this naturally occurring process for centuries to stabilize and recycle agricultural and human wastes.  Today, 

composting is a diverse practice that includes a variety of approaches, depending on the type of organic 

materials being composted and the desired properties of the final product. To derive the maximum benefit 

from the natural, but typically slow decomposition process, it is necessary to control the environmental 

conditions during the composting process. The overall composting process can be explained as follows: 

 

Organic matter +  O2   + aerobic bacteria                CO2 + NH3  + H2O  + Other end products  + energy 

 

Compost is the end product of the composting process. The by-products of this process are carbon dioxide 

and water.  Compost is peaty humus, dark in colour and has a crumbly texture, an earthy odour, and 

resembles rich topsoil.  Composts will not have any resembles in the physical form to the original waste from 

which it was derived. High-quality compost is devoid of weed seeds and organisms that may be pathogenic 

to humans, animals, or plants.  Cured compost is also relatively stable and resistant to further decomposition 

by microorganisms. 

As mentioned earlier, the composting process is an environmentally sound and beneficial means of 

recycling organic materials and not a means of waste disposal.  It is important to view compostable 

materials as usable and not as waste requiring disposal. 

Composting is one of the important components of solid waste management (SWM). It is a form of source 

reduction or waste prevention, as the materials are completely diverted from the disposal facilities and 

require no managements or transportation.  Community-yard trimming composting programme, source-

separated organic composting and mixed municipal solid waste (MSW) composting constitute the various 

composting processes.  A major portion of municipal solid wastes in India contain upto 70% by weight of 

organic materials.  In addition, certain industrial by-products-those from food processing, agricultural and 

paper industries – are mostly composed of organic materials.  

(i)  Composting Processes 

Several factors contribute to the success of composting including physical, chemical and biological 

processes.  Understanding these processes, therefore, is necessary for making informed decisions, when  

developing and operating a composting program.
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Biological Processes 

Microorganisms such as bacteria, fungi and actinomycetes as well as larger organisms such as insects and 

earthworms play an active role in decomposing the organic materials. As microorganisms begin to 

decompose the organic material, they break down organic matter and produce carbon dioxide, water, heat 

and humus (the relatively stable organic end product).  This humus end product is compost. 

Microorganisms consume some of the carbon to form new microbial cells, as they increase their population.  

They have, however, preferences on the type of organic material they consume.  When the organic 

molecules they require are not available, they may become dormant or die.  The chain of succession of 

different types of microbes continues, until there is little decomposable organic material left.  At this point, 

the organic material that is remaining is termed compost.  It is largely made up of microbial cells, microbial 

skeletons and by-products of microbial decomposition may proceed slowly at first few hours or days, they 

rapidly consume the organic materials present in the feedstock.  The number and kind of microorganisms 

are generally not a limiting environmental factor in composting non-toxic agricultural materials, yard 

trimmings, or municipal solid wastes, all of which usually contain an adequate diversity of microorganisms. 

Composting proceeds through the following four phases:  

• Mesophilic or moderate-temperature phase: Compost bacteria combine carbon with oxygen to 

produce carbon dioxide and energy.  The microorganisms for reproduction and growth use some of 

the energy and the rest is generated as heat.  When a pile of organic refuse begins to undergo the 

composting process, mesophilic bacteria proliferate, raising the temperature of the composting 

mass up to 44oC.  This is the first stage of the composting process.  These mesophilic bacteria can 

include E. coli and other bacteria from the human intestinal tract, but these soon become 

increasingly inhibited by the temperature, as the thermophilic bacteria take over in the transition 

range of 44-52oC. 

• Thermophilic or high-temperature phase: In the second stage of the process, the thermophilic 

microorganisms are very active and produce heat.  This stage can continue up to about 70o C, 

although such high temperatures are neither common nor desirable in compost.  This heating stage 

takes place rather quickly and may last only a few days, weeks, or months.  It tends to remain 

localized in the upper portion of a compost pile where the fresh material is being added, whereas in 

batch compost, the entire composting mass may be thermophilic all at once.  After the thermophilic 

heating period, the manure will appear to have been digested, but the coarser organic material will 

not be digested.  This is when the third stage of composting, i.e., the cooling phase, takes place. 

• Cooling phase:  During this phase, the microorganisms that were replaced by the thermophiles 

migrate back into the compost and digest the more resistant organic materials.  Fungi and 

macroorganisms such as earthworms and sow bugs that break the coarser elements down into 

humus also move back in. 
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• Maturation or curing phase: The final stage of the composting process is called curing, ageing, or 

maturing stage, and is a long and important one.  A long curing period (e.g., a year after the 

thermophilic stage) adds a safety net for pathogen destruction.  Many pathogens have a limited 

period of viability in the soil, and the longer they are subjected to the microbiological competition of 

the compost pile the more likely they will die a swift death.  Immature compost can be harmful to 

plants.  Uncured compost can, for example, produce phytotoxins (i.e., substances toxic to plants), 

robbing the soil of oxygen and nitrogen and contain high levels of organic acids. 

Different communities of microorganisms predominate during the various composting phases.  Initial 

decomposition is carried out by mesophilic microorganisms, which rapidly break down the soluble, readily 

degradable compounds.  The heat they produce causes the compost temperature to rise rapidly.  As the 

temperature rises above 40oC, the mesophilic microorganisms become less competitive and are replaced by 

thermophilic (heat loving) ones.  At temperatures of 55oC and above, many microorganisms that are 

pathogenic to humans or plants are destroyed.  Temperatures above 65oC kill many forms of microbes and 

limit the rate of decomposition.  In composting process usually  aeration  and mixing is done to keep the 

temperature below this point.  During the thermophilic phase, high temperatures accelerate the breakdown 

of proteins, fats and complex carbohydrates like cellulose and hemicellulose, the major structural molecules 

in plants.  As the supply of these high-energy compounds become exhausted, the compost temperature 

gradually decreases and mesophilic microorganisms once again take over the final phase of curing or 

maturation of the remaining organic matter. 

The composting process, therefore, should cater to the needs of the microorganisms and promote 

conditions that will lead to rapid stabilization of the organic materials.  While several microorganisms are  

beneficial to the composting process and may be present in the final product, some microbes are potential 

pathogens to animals, plants or humans.  These pathogenic organisms must be destroyed in the 

composting process before the compost is distributed.  Most of this destruction takes place by controlling the 

temperature of composting operations.  

Chemical Processes 

Several factors determine the chemical environment for composting.  These include the presence of an 

adequate carbon food/energy source, a balanced amount of nutrients, the correct amount of water, 

adequate oxygen, appropriate pH and the absence of toxic constituents that could inhibit microbial activity .  

A brief description of each of these factors is given below: 

• Carbon/energy source: For their carbon/energy source, microorganisms in the composting 

process rely on carbon in the organic material, unlike higher plants that rely on carbon dioxide and 

sunlight. Since most municipal and agricultural organics and yard trimmings contain an adequate 

amount of biodegradable forms of carbon, it is not a limiting factor in the composting process.  As  
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more easily degradable forms of carbon are decomposed, a small portion of the carbon is 

converted into microbial cells, and a significant portion is converted to carbon dioxide and lost to 

the atmosphere.  As the composting process progresses, the loss of carbon results in a decrease 

in weight and volume of the feedstock.  

• Nutrients: Among the plant nutrients (i.e., nitrogen, phosphorous and potassium), nitrogen is of 

greatest concern, because it is lacking in some plant materials.  The carbon-nitrogen ratio, which is 

established on the basis of available carbon rather than total carbon, is considered critical in 

determining the rate of decomposition.  Leaves, for example, are a good source for carbon, and 

fresh grass, manure and slaughter house waste are the sources of nitrogen. To aid the 

decomposition process, the bulk of the organic matter should be carbon with just enough nitrogen.  

In general, an initial ratio of 30:1(C:N or Carbon: Nitrogen) is considered ideal.  Higher ratios tend 

to retard the process of decomposition, while ratios below 25:1 may result in odour problems.  As 

the composting process proceeds and carbon is lost to the atmosphere, this ratio decreases. 

Finished compost should have ratios of 15 to 20:1.  Adding 3 – 4 kg of nitrogen material for every 

100 kg of carbon should be satisfactory for efficient and rapid composting.  To lower the carbon to 

nitrogen ratios, nitrogen-rich materials such as yard trimmings, animal manures, or bio-solids are 

often added.  Adding partially decomposed or composted materials (with a lower carbon: nitrogen 

ratio) as inoculums may also lower the ratio.  As the temperature in the compost pile rises and 

carbon- nitrogen ratio falls below 25:1, the nitrogen in the fertilizer is lost as gas (ammonia) to the 

atmosphere.  The composting process slows, if there is not enough nitrogen, and too much 

nitrogen may cause the generation of ammonia gas, which can create unpleasant odours.  

• Moisture: Water is an essential part of all forms of life, and the microorganisms living in a compost 

pile are no exception. Since most compostable materials have lower than ideal water content, i.e., 

50 to 60% of total weight, the composting process may be slower than desired, if water is not 

added. However, it should not be high enough to create excessive free flow of water and 

movement caused by gravity. Excessive moisture and flowing water form leachate, which creates 

potential liquid waste management problems including water and air pollution (e.g., odour). For 

example, excess moisture impedes oxygen transfer to the microbial cells, can increase the 

possibility of developing anaerobic conditions and may lead to rotting and obnoxious odours. 

Microbial processes contribute moisture to the compost pile during decomposition. Although 

moisture is added, it is also being lost through evaporation. Since the amount of water evaporated 

usually exceeds the input of moisture from the decomposition processes, there is generally a net 

loss of moisture from the compost pile. In such cases, adding moisture may be necessary to keep 

the composting process performing at its peak.  
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Controlling the size of piles can minimize evaporation from compost piles, as piles with larger 

volumes have less evaporating surface/unit volume than smaller piles. The water added must be 

thoroughly mixed so that the organic fraction in the bulk of the material is uniformly wetted and 

composted under ideal conditions.  Properly wetted compost has the consistency of a wet sponge.  

Systems that facilitate the uniform addition of water at any point in the composting process are 

preferable.   

• Oxygen: Composting is considered an aerobic process.  Decomposition can occur under both 

aerobic (requiring oxygen) and anaerobic (in the absence of oxygen) conditions.  The compost pile 

should have enough void space to allow free air movement so that oxygen from the atmosphere 

can enter the pile and the carbon dioxide and other gases emitted can be exhausted to the 

atmosphere. To maintain aerobic conditions, in which decomposition occurs at a fast rate, the 

compost pile is mechanically aerated or turned frequently to expose the microbes to the 

atmosphere and to create more air spaces by fluffing up the pile. 

A 10 to 15% oxygen concentration is considered adequate, although a concentration as low as 5% 

may be sufficient for leaves. While higher concentrations of oxygen will not negatively affect the 

composting process, circulation of an excessive amount of air can cause problems.  For example, 

excess air removes heat, which cools the pile and also promotes excess evaporation. In other 

words, excess air slows down the rate of composting. Excess aeration is also an added expense 

that increases production costs. 

• pH: The pH factor affects the amount of nutrients available for the microorganisms, the solubility of 

heavy metals and the overall metabolic activity of the microorganisms. A pH between 6 and 8 is 

considered optimum, and it can be adjusted upward by the addition of lime, or downward with 

sulphur, although such additions are normally not necessary. The composting process itself 

produces carbon dioxide, which, when combined with water, produces carbonic acid, which could 

lower the pH of the compost. As the composting process progresses, the final pH vary, depending 

on the specific type of feedstock used and operating conditions. Wide swings in pH are unusual 

since organic materials are naturally well buffered with respect of pH changes.   

Physical Processes 

• Particle size: As composting progresses, there is a natural process of size reduction and the 

particle size of the material being composted is critical.  Because smaller particles usually have 

more surface area per unit weight, they facilitate more microbial activity on their surfaces, which 

leads to rapid decomposition. The optimum particle size has enough surface area for rapid 

microbial activity and also enough void space to allow air to circulate for microbial respiration. The 

feedstock composition can be manipulated to create the desired mix of particle size and void  
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space. For instance, through particle size reduction, we can increase the desired combination of 

void space and surface area for garden trimmings or municipal solid wastes. To improve the 

aesthetic appeal of finished composts, we can carry out particle size reduction, after the 

composting process is completed. 

• Temperature: Composting can occur at a range of temperatures, and the optimum temperature 

range is between 32 and 60oC.  Temperatures above 65oC are not ideal for composting as thermal 

destruction of cell proteins kills the organisms.  Similarly, temperatures below the minimum 

required for a group of organisms affect the metabolic activity (i.e., regulatory machinery) of the 

cells.  Temperatures can be lowered, if required, by either increasing the frequency of mechanical 

agitation or using airflow throttling, temperature feedback control or blowers controlled with timers. 

Mixing or mechanical aeration also provides air for the microbes.  

When compost is at a temperature greater than 55oC for at least three days, pathogen destruction 

occurs.  It is important that all portions of the compost material are exposed to such temperatures 

to ensure pathogen destruction throughout the compost. At these temperatures, weed seeds are 

also destroyed. After the complete pathogen destruction, temperatures may be lowered and 

maintained at slightly lower levels (51 to 55oC).  Attaining and maintaining 55oC for three days is 

not difficult for invessel composting system.  However, to achieve pathogen destruction with 

windrow composting systems, the 55oC temperature level must be maintained for a minimum of 15 

days, during which time the windrows must be turned at least five times. The longer duration and 

increased turning are necessary to achieve uniform pathogen destruction in the entire pile. Care 

should be taken to avoid contact between materials that have achieved these minimum 

temperatures and materials that have not. 

• Mixing: Mixing of feedstock, water and inoculants is important and is done by running or mixing the 

piles after composting has begun. Mixing and agitation distribute moisture and air evenly, and 

promote the breakdown of compost clumps.  Excessive agitation of open vessels or piles, 

however, can cool them and retard microbial activity. 

(ii) Steps of Composting 

There are five basic steps involved in all composting practices, namely preparation, digestion, curing, 

screening or finishing, and storage or disposal. However, differences (among various composting 

processes) may occur in the method of digestion or in the amount of preparation and the finished product.  

Preparation  

The preparation phase of composting involves several steps, and these depend upon the sophistication of 

the plant and the amount of resource recovery practiced. A typical preparation process, however, may 

include activities such as the sorting of recyclable materials, the removal of non-combustibles, the  
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shredding, pulping, grinding and the adding of water sludge.  The separation of other non-compostable 

recyclable materials like glass, metal, rag, plastic, rubber and paper may be accomplished  by either hand or  

mechanical means. Since the refuse characteristics vary from one load to the next, a final step in the 

preparation phase of composting may be to adjust the moisture and nitrogen content of the solid waste to be 

composted.  The optimum moisture content ranges from 45 to 55% of wet weight, while the optimum carbon 

to nitrogen ratio should be below 30%.  The moisture and nutrient adjustments can be accomplished most 

efficiently through the addition of raw waste water sludge.  This increases the volume of composted material 

by 6 to 10%, in addition to accelerating the composting operation and producing a better final product in 

terms of nutrient contents. 

Digestion 

Digestion techniques are the most unique feature of the various composting processes and may vary from 

the backyard composting process to the highly controlled mechanical digester.  Composting systems fall into 

the following two categories (i) Window composting in open windrows (ii) Mechanical composting in 

enclosed digestion chambers 

Curing  

Organic materials, remaining after the first (rapid) phase of composting, decompose slowly, despite ideal 

environmental conditions.  The second phase, which is usually carried out in windrows, typically takes from 

a few weeks to six months, depending on the outdoor temperatures, intensity of management and market 

specifications for maturity.  With some system configurations, a screening step may precede the curing 

operation.  During curing, the compost becomes biologically stable, with microbial activity occurring at a 

slower rate than that during actual composting. Curing piles may be either force-aerated or passive aerated 

with occasional turning.  As the pile cures, the microorganisms generate less heat and the pile begins to 

cool.  Cooling is merely a sign of reduced microbial activity, which can result from lack of moisture, 

inadequate oxygen within the pile, nutrient imbalance or the completion of the composting process.  Curing 

may take from a few days to several months to complete.  The cured compost is then marketed. 

Screening or finishing 

Compost is screened or finished to meet the market specifications. Sometimes, this processing is done 

before the compost is cured. One or two screening steps and additional grindings are used to propagate the 

compost for markets.  During the composting operation, the compostable fraction separated from the non-

compostable fraction, through screens, undergoes a significant size reduction. The non-compostable  

fraction retained on the coarse screen is sent to the landfill, while the compostable materials retained on 

finer screens may be returned to the beginning of the composting process to allow further composting.  The 

screened compost may contain inert particles such as glass or plastic that may have passed through the 

screen. The amount of such inert materials depends on feedstock processing before composting and the 

composting technology used.  
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To successfully remove the foreign matter and recover the maximum compost by screening, the moisture 

content should be below 50%. Drying should be allowed only after the compost has sufficiently cured.  If 

screening takes place before curing is complete, moisture addition may be necessary to cure the compost. 

The screen size used is determined by market specifications of particle size. 

Storage or disposal 

In the final analysis, regardless of the efficiency of the composting process, the success or failure of the 

operation depends upon the method of disposal.  Even when a good market for compost exists, provision 

must be still made for storage.  Storage is necessary because the use of composting is seasonal, with 

greatest demand during spring and winter. Therefore, a composting plant must have a 6-month storage 

area. For a 300 tonne per day plant, this will require about six hectares of storage area.   

(iii) Technologies for Composting 

The first significant development in composting as a systemized process took place in India in 1925, when a 

process involving the anaerobic degradation of leaves, refuse, animal manure and sewerage were placed in 

pits. The materials were placed in layers and the pit wall conserved some of the heat of degradation, 

resulting in high temperature than when composting was carried out in the open.  This process (often 

referred as Indore process) took approximately six months to produce usable compost.  Following this, the 

Indian Council of Agricultural Research (ICAR) improved the method by laying down alternate layers of 

waste and sewage and this system (referred to as the Bangalore Method) is still being used in India.  In 

India, the high humid degradation that occurs in the land requires a large amount of humus for maintaining 

soil-fertility, and for that reason, composting is an ideal method for recycling organic wastes. 

The composting technologies – windrow, aerated static pile, in-vessel composting, vermin composting and 

anaerobic processing– vary in the method of aeration, temperature control, mixing/turning of the material, 

time required for composting, and capital and operating costs. There are also some supporting technologies, 

which include sorting, screening and curing. There are four general categories of composting technologies 

which are described below: 

Windrow composting 

The Windrow System is the least expensive and most 

common method adopted.  Windrows are defined as regularly 

turned elongated piles, shaped like a haystack in cross 

section and upto a hundred meters or more in length.  The 

cross-sectional dimensions vary with feedstock and turning 

equipment, but most municipal solid waste (MSW) windrows 

are 1.5 to 2 meters high and 3 to 6 meters wide.                                                                      

 

Fig. 7.1 Windrow Composting 
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Windrows composed of MSW are usually required to be located on an impermeable surface.  The optimum 

size and shape of the windrow depends on particle size, moisture content, pore space and decomposition 

rate – all of which affect the movement of oxygen towards the centre of the pile.                                                                            

Process control is normally through pile management, although forced aeration can also be used.  Turning 

the pile re-introduces air into the pile and increases porosity so that efficient passive aeration from 

atmospheric air continues at all times. The windrow dimensions should allow conservation of the heat 

generated during the composting process and also allow air to diffuse to the deeper portions of the pile. 

As mentioned earlier, windrows must be placed on a firm surface to turn the piles with ease.  They may be 

turned as frequently as once per week, but more frequent turning may be necessary, if high proportions of 

bio-solids are present in the feedstock.  Turning the piles also moves the materials from the pile surface to 

the core of the windrow, where they can undergo composting. Machines equipped with augers, paddles, 

etc., are used for turning the piles. Some windrow turners can supplement piles with water, if necessary. 

When piles are turned, heat is released as steam to the atmosphere. If inner portions of the pile have low 

levels of oxygen, odours may result when this portions of the pile is exposed to the atmosphere. Piles with 

initial moisture content in the optimum range have a reduced potential for producing leachate. The addition 

of moisture from precipitation, however, increases this potential.  

Aerated Static Pile Composting 

Aerated static pile composting is a non-proprietary 

technology that requires the composting mixture (i.e., a 

mixture of pre-processed materials and liquids) to be 

placed in piles that are mechanically aerated.  The 

piles are placed over a network of pipes connected to 

a blower, which supplies the air for composting.  

Air can be supplied under positive or negative 

pressure. The air supply blower either forces air into 

the pile or draws air out of it.  Forcing the air into the pile generates a positive pressure system, while 

drawing air out of the pile creates a negative pressure.  When the composting process is nearly complete, 

the piles are broken up for the first time since their construction. The compost is then taken through a series 

of post-processing steps. A timer or a temperature feedback system similar to a home thermostat controls 

the blowers.  

Air circulation in the compost piles provides the needed oxygen for the composting microbes and prevents 

excessive heat build-up in the pile. Removing excess heat and water vapour cools the pile to maintain 

optimum temperature for microbial activity. A controlled air supply enables construction of large piles, which 

decreases the need for land. Odours from the exhaust air could be substantial, but traps or filters can be  

Fig: 7.2 Aerated Static Pile Composting
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used to control them. The temperatures in the inner portion of a pile are usually adequate to destroy a 

significant number of the pathogens and weed seeds present.  The surface of piles, however, may not reach 

the desired temperatures for destruction of pathogens because piles are not turned in the aerated static pile 

technology. This problem can be overcome by placing a layer of finished compost of 15 to 30cm thick over 

the compost pile. The outer layer or finished compost acts as an insulating blanket and helps maintain the 

desired temperature for destruction of pathogens and weed seeds throughout the entire pile. 

Aerated static pile composting systems have been used successfully for MSW, yard trimmings, bio-solids 

and industrial composting. Aerated static pile composting can also be done under a roof or in the open. 

Producing compost using this technology usually takes about 6 to 12 weeks. The land requirements for this 

method are lower than that of windrow composting. 

In-vessel composting System 

In-vessel composting systems enclose the feedstock in a chamber or vessel that provides adequate mixing, 

aeration and moisture.  Drums, digester bins and tunnels are some of the common in-vessel type systems. 

In-vessel systems vary in their requirements for pre-processing materials. For example, some require 

minimal pre-processing, while others require extensive MSW pre-processing. These vessels can be single- 

or multi-compartment units.  In some cases, the vessel rotates, and in others, it is stationary and a 

mixing/agitating mechanism moves the material around. Most in-vessel systems are continuous-feed 

systems, although some operate in a batch mode. All in-vessel systems require further composting (curing) 

after the material has been discharged from the vessel.  

A major advantage of in-vessel systems is that all environmental conditions can be carefully controlled to 

allow rapid composting. The material to be composted is frequently turned and mixed to homogenize the 

compost and promote rapid oxygen transfer. Retention times range from less than one week to as long as 

four weeks. These systems, if properly operated, produce minimal odours and little or no leachate. In-vessel 

system enable exhaust gases from the vessel to be captured and are subjected to odour control and 

treatment. Some of the commonly used in-vessel systems are Vertical composting reactor, Horizontal 

composting reactors and  Rotating drum.  

Anaerobic composting 

In anaerobic processes, facultative bacteria break down the organic materials in the absence of oxygen and 

produce methane and carbon dioxide.  Anaerobic systems, if configured efficiently, will generate sufficient 

energy in the form of methane to operate the processes and have enough surpluses to either market as gas 

or convert to electricity. Conventional composting systems, on the other hand, need significant electrical or 

mechanical energy inputs to aerate or turn the piles. Several approaches are available for anaerobic 

digestion of feedstock.  
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Single-stage digesters contain the entire process in one airtight container. In this system, the feedstock is 

first shredded, and before being placed in the container, water and possibly nutrients are added to the 

previously shredded material. A single-stage digester may contain agitation equipment, which continuously 

stirs the liquefied material. The amount of water added and the presence or absence of agitation equipment 

depend on the particular research demonstration or proprietary process employed.  

The two-stage digestion involves circulating a liquid supernatant from a first stage digester, containing the 

materials, to a second-stage digester.  This circulation eliminates the need for agitation equipment and 

provides the system operator with more opportunity to carefully control the biological process.   

As digestion progresses, a mixture of methane and carbon dioxide is produced. These gases are 

continuously removed from both first and second stage digesters and are either combusted on-site or 

directed to off-site gas consumers. A portion of the recovered gas may be converted to thermal energy by 

combustion, which is then used to heat the digester. A stabilized residue remains when the digestion 

process is completed. The residue is either removed from the digester with the mechanical equipment or 

pumped out as a liquid. It is chemically similar to compost, but contains more moisture. Conventional 

dewatering equipment can reduce the moisture content enough to handle the residue as a solid. The 

digested residue may require further curing by windrow or static pile composting.  

Table 7.1 
 

 Design and Operational conditions of Aerobic Composting Process 

No Aspects Preferable standards and specifications 

1 MSW characteristics Sorted organic fraction of MSW, preferable with same rate of decomposition  

2 MSW Particle size Between 25 – 75 mm for optimum results 

3 C/N Ratio Between 25 – 50 initially. Release of ammonia and impeding of biological 

activity at lower ratios. Nitrogen as a limiting nutrient at higher ratios  

4 Blending & Seeding Addition of partially decomposed matter (1-5% by weight) reduces 

composting time.  

5 Moisture content 55% (optimum) 

5 Windrow size 3m length, 2m width and 1.5m height (optimum) 

6 Mixing/turning Every four or five days, until the temperature drops from about 66 – 60oC to 

about 38oC or less. Alternate days under typical operating conditions 

7 Temperature 50-55oC for first few days and 55-60oC for the reminder composting period. 

Biological activity reduces significantly at higher temperature (>66oC) 

8 Pathogen control Maintenance of temperature between 60-70oC for 24 hours  
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9 Air requirement Air with at least 50% of initial oxygen concentration to reach all parts of 

composting material 

10 pH control 7 – 7.5 (optimum). Not above 8.5 to minimize nitrogen loss in the form of 

ammonia gas 

11 Inoculums  Not desirable, except in special cases 

12 Degree of 

decomposition 

Determine by COD test or from Respiratory Quotient (RQ). 

13 Area requirement ~25 m2 for 1 ton of MSW (only for windrow formation for 21 days composting 

and maturity yard for 30 days stabilization). Area for machinery, packing and 

storage extra  

14 Post treatment care Facility for effluent (leachate) recycling and treatment and sanitary landfill of 

rejects (inert materials, sludge from ETP) 

15 Nutrient recovery 2-4 kg N/ton ; 1-2 kg P/ton ; 1-2 kg K/ton 

16 Product recovery 18-25% of waste input 

17 Residuals for disposal 2-20% sieving overflow (plastic, metal, glass, stones, uncomposted matter 

Source: Varma, A.K, Proceedings of KEC,2008 

Vermi composting  

Vermi composting is a modified and specialised method of composting and it is the end product of the 

breakdown of organic matter by some species of earthworm. Vermicompost is a nutrient- rich, natural 

fertilizer and soil conditioner. The earthworm species 

most  commonly used are Eudrillus eugineae, Eisenia 

foetida or Lumbricus rubellus. A by-product of vermi 

composting called vermiwash (which can be collected if 

there is a tap at the base of the vermicompost tank) also 

serves the same purpose. Small scale vermicomposting 

is done in bins of varying sizes and style and three 

different types of practices such as non- continuous, 

Continuous, continuous vertical flow and continuous horizontal                                                                                                       
Fig: 7.3 Vermi composting 

flow are adopted. The methods for large scale vermin composting are windrow and raised-bed or flow 

through systems. Flow through systems are well suited to indoor facilities, making them the preferred choice 

for operations in colder climates. Kitchen wastes except oily and spicy items are suitable for worms. But too 

much kitchen waste leads to putrification before worms can process it  and becomes harmful to the worms. 

Similarly, material sprayed with pesticides, high water content materials like watermelon, woody part  
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Fig.7.4 Vermi composting in Plastic Bins 

 

of garden wastes, etc., are preventing the process. Regular removal of composted material, adding holes to 

bins or using continuous-flow bin, etc. improve oxygen supply to worms.The design and operational aspects 

of vermicomposting process is given in Table 7.2. An important point to note in case of vermicomposting but 

widely ignored, is to carry out proper sieving of the compost before applying it in the fields. In the usual way 

vermicomposting is practiced now in Kerala is both labour-intensive and requires some infrastructure. As a 

result, most of vermicompost units set out in the local bodies are not functioning now.  However, in 

household level it is found very effective.  

The study carried out   by CED showed that plastic tumbler and Ferro-cement boxes can be used effectively 

for vermin composting at household level. The solid waste at household level shall be managed by taking 

compost pits or by  (where ever land is available) 

establishing vermin composting pit/bins. The vermin 

composting require little more care. The cost for 

making compost pits/establishing bin type vermin 

composting unit is estimated as Rs.1000/- unit. 

The following aspects have to be taken into 

consideration while planning a Vermi 

composting programme. 

i)   The Vermi composting plant should be protected 

from flies, ants etc., by providing a metal net covering. 

ii) Extreme wet and dry conditions will harm the worms and care should be taken to control extreme 

temperature by sprinkling water or putting a wet gunny bag above the plant especially during summer 

season. 

iii)  The Composting plant will not cause any smell, odour, or any unhygienic atmosphere, so it can be 

placed inside the house possibly in work area or even in a corner of the kitchen.   

Table 7.2 
 Design and Operational conditions of Vermi composting Process 

No Aspects Preferable standards and specifications 

1 MSW characteristics Any organic waste which are not appreciably oily, spicy, salty or hard and that do 
not have excessive acidity and alkalinity 

2 MSW Particle size Between 25 – 50 mm for optimum results 

3 Worms Eudrillus eugineae (50-100 no per kg of organic waste) 

4 C/N Ratio 30:1 (preferred). Brown matter (wood products, saw dust, paper etc) is rich in 
carbon and green matter (food scraps, leaves etc) in nitrogen. Overabundance of 
greens generates ammonia. Correction by application of brown matter. 

5 pH Slightly alkaline state preferable. Correction by adding small dose of calcium 
carbonate 

6 Temperature 20 – 30oC 

7 Moisture content 40-55% preferable; cover the tank with wet sack and sprinkle water as required 
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8 Base layer Coconut husk of one or two layers with cow-dung powder (~30 kg for 4m x 1m 

x 0.5m size tank) 

9 Placing MSW Waste layer thickness in the tank to be less than 15cm at a time; introduce 
fresh waste at consecutive portion of the tank on successive days 

10 Blending Sprinkle cow-dung powder along with waste 

11 Aeration Regular removal of the composted material, adding holes to the bin, or using a 
continuous-flow bin. 

12 Physical protection Wire mesh protection from mouse, ants and other pests; avoid exposure to 
direct sun light or rainfall. 

13 Leachate collection 500 litre leachate collection tank for 250 kg/day plant 

14 Area requirement Tank size of 4m x 1m x 0.5m for waste input of 10kg/day of semi decomposed 
waste 

Source: Varma, A.K, Proceedings of KEC, 2008 

 

Design for Windrow composting plants 
 
Criteria for suitable location  
 

1. Area of the site depends on the capacity of the plant .  

2. Level ground to be selected for minimizing cost. 

3. Site should be free draining and not subject to water logging or flooding. 

4. The detailed survey, soil investigation and hydrological investigation should be carried out including 

the status of ground water table so as to design the civil engineering structure appropriately.  

5. Avoid costly foundation such as pile or well foundation 

6. Should be at least 1 km away from residential township, dwellings, educational institutions, 

worshipful places and other public or commercial buildings.  

7. Should be outside the 10 to 15 km radius of the air strip / aerodrome. 

8. Accessible from permanent roads. Ready transport of both garbage and product.  

9. Adequate water supply and public electricity supply is essential 

10. Should have open ground with sufficient number of trees and vegetation. 

11. Should have sufficient ground for constructing land fill for atleast 20 years.  

12. Adequate parking area for handling vehicles.  
 

Production Modules  

1. Compost Pad (plant with covered roof) 

2. Finished product area with covered roof 

3. Covered shed for shredders 

4.  Electrical room 

5. Workshop for servicing machinery and vehicles  

6. Weigh bridge 

7. Biogas plant 

8. Leachate Treatment Plant 

9. Electric room 

10. Sanitary Landfill 

11. Monitoring well  
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Service Modules  

1. Administrative Building  

2. Laboratory  

3. Workers shed 

4. Watchman shed 

5. Toilet block  

6. Internal road 

7. Storm water drainage  

8. Rainwater harvesting 

9. Parking ground  

10. Water supply and electricity  

11. Green area with plantation  

12. Compound wall and gate.  
 

Description of Windrow Composting plant-Level-I 

The windrow composting plant generally consists of a roofed compost yard of circular  or elongated shape and 

the area can be decided according to the quantum of  waste . The biodegradable wastes are allowed to form a 

windrow, which has trapezoidal shape, in the specified area by using excavator and backhoe loader. The size 

of the windrow is generally 21 x 3 x 2 m. and the distance between two windrows is 1.5m.  

At the outer periphery of the plant, seven spaces can be provided; i.e., one heap for Sunday, one for Monday 

and so on, so that seven waste heaps will be there at the periphery. After seven days the waste which came 

first is turned and placed in next position in the inner side in order to get space for fresh waste to heap in the 

outer periphery as described earlier as well as to allow more aeration in to the heaps and also to help mixing  . 

The same will be adopted for the remaining six day’s waste. After 14 days the waste at second position is 

turned and placed at third position simultaneous with the waste at first position to second position to provide 

space for fresh waste. This process is continued for 5 weeks (35 days). Later the composted wastes are sent to 

the feeder conveyor. The major components of a  typical mechanical windrow composting plant with a capacity 

above 100 tonnes/day  is described below:  

After the windrows reached 35 days, the next step is mechanical sieving with the help of trommel. The main 

parts of the unit are: 

- Feeder Conveyor (Feeding compartment) 

- Primary Separation Unit (First trommel) 

•  First rejection belt 

•  First product conveyor 

- Refining trommel i.e. Second trommel 

• Second rejection belt 

• Second product conveyor 

- Common rejection belt 

- Hydraulic power packs 
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Fig.7.5 Line diagram of Mechanical Sieving (Level 1) 

 

Feeder Conveyor or Feeding Compartment 

The biodegradable waste is fed into the feeder conveyor, using backhoe loader. The feeder conveyor is 15 

m long and 0.85 m wide. It is rectangular in shape and has an 

under carriage conveyor. The top of the feeder conveyor is 

open. The inner side has two metallic sheets which are 

fabricated in a fixed manner.  

One side is closed and other side is opened to the primary 

separation unit (first trommel).  The conveyor is attached to a 

chain and the chain is operated by hydraulic power pack, 

hydro motor and reduction gear. When power pack is 

operated, the conveyor of the feeding compartment is 

directed towards the opening of the first trommel, where sieving 

starts. 

                    
Primary Separation Unit (First Trommel) 

A Trommel (in Dutch, it is drum) is a screened cylinder used to   separate materials by size – here for 

example, separating the biodegradable portion of mixed municipal waste. This segregation trommel forms 

the heart of the preliminary compost refining system.   The first trommel with an opening of 36mm, 8mm 

thick wire meshed barrel of size 6m long and has a diameter 

of 2.1m. It has two pull rings at both ends.                                      

The configuration of the barrel is made by    
                                                               

• 90mm Mild Steel of “C” class, extruding pipes or 

seamless pipes (6 nos.) 

• 80 x 40 x 3mm rectangular pipes (6 nos.) 

• 65 x 65 x 6 mm M.S angle of 6 nos. 

• 100 x 8mm flange over the barrel (3 nos.)                                               
Fig: 7.Feeding MSW Fig: 7.6 Feeding MS 

W 

Feeder 

1st product conveyor

1st rejection belt 
Semi Product 

Common rejection belt 

Municipal 
Solid Waste 

1st Trommel 

2nd Trommel 

2nd rejection 

2nd product conveyor 

Fig: 7.7 Mechanical sieving in level 1 

Fig: 7.6 Feeding MSW 

http://en.wikipedia.org/wiki/Dutch_language
http://en.wikipedia.org/wiki/Biodegradable_waste
http://en.wikipedia.org/wiki/Municipal_waste
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It is placed over 4 nos. of press on tyre, 2 nos. each at both pull rings at two ends of the barrel.  The barrel is 

placed at an inclination of 4º. This inclination is for the movement of garbage to the other end of the barrel 

while rotating.  Barrel is supported by two trommel stoppers at both ends.  The sieving of the degraded 

MSW is done by rotating the barrel and the materials that is passed through the mesh are collected in an 

under carriage conveyor and carries the material to the 2nd trommel. The materials that are retained in the 

trommel are directed to another conveyor belt. i.e first rejection belt.  

The screening efficiency of the sieve is mainly dependent on the moisture content of the material. Dry 

material can be sieved efficiently through finer or lesser mesh size. 

Second Trommel (Refining Trommel) 

This trommel is similar to the first trommel but with an opening of  

16mm, 6mm thick wire meshed barrel of size 6 m long, 2.1 m  

diameter, and two pull rings at both ends. The trommel is  

 fabricated using  

• 65mm M.S”C” class extruding pipes or seamless  

         pipes, 6  nos. 

• 65 x 65 x 6mm angle of six nos. 

• 100mm x 8 MS flange over the barrel 3 nos. 

• 80 x 40 x 3 mm rectangular pipe of six nos. 

                                                                                                                  

The product obtained from the second trommel is dumped at a specified area for achieving maximum 

decomposition and the rejects obtained are carried to the final rejection point through a rejection belt which 

receives rejects from the first trommel.  Stage by stage processing of solid waste in level 1 is shown in fig: 7.5. 

                                                                                                    
 Level 2 

The under pass material from the second trommel which is referred as semi product is stored in the yard for 

another three to four weeks for further decomposition.  The matured material is fed through a hopper to the final 

trommel with an opening of 4 mm of S.S 304. 

 

 

 

 

 

 

 
 

 

Three trommels are arranged in parallel, and the products from all the trommels are conveyed to the manure 

yard and then to the packing yard, where final product is stored before packing. Meanwhile, the rejects passes 

through the rejection belt and then through a chute and finally get deposited in landfill.  

  
 
 
 

Fig: 7.9  Final Product – ‘MANURE’             Fig : 7.10  Ready to Sell: Manure in 50kg  

Fig : 7.8 Rejects in level 1 
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                                                Fig.7.11 Line diagram of Mechanical sieving (Level 2) 
Power pack 

It is a metallic tank with two compartments of size 1x1m. One compartment has hydraulic oil (system 68) of 

330 litres capacity and the other compartment is filled with water, for cooling.  On the top of this tank there is 

a motor of 20 HP with one duplex duty oil pump and a pressure control valve. 

The motor (20 HP) is coupled with oil pump. When the motor starts working, oil is pumped hydraulically to 

the hydromotor through the pressure control valve. Pressure control valves is used to pressurize the oil upto 

50 kg/cm2. This pressurized oil rotates the hydromotor which will drive the trommel.  
 

 

Table 7. 3 Estimate for Solid Waste Processing Plant – 50  MT 
Sl.No. Item Quantity Amount 

1 Plant building 1970.00 m2 13000000.00 

2 Finished product Storage  60.00 m2 450000.00 

3 Plastic Storage area 40.00 m2 300000.00 

4 Electric Room 12.00 m2 110000.00 

5 Toilet Block 12.00 m2 120000.00 

6 Administrative Building and Lab 30.00 m2 350000.00 

7 Land Fill Construction   5500000.00 

8 Internal Road   1050000.00 

9 Biogas Plant   600000.00 

10 Leachate Treatment Plant   800000.00 

11 Shredder for Plastic   800000.00 

12 Water source   350000.00 

13 Power Connection and Electrification   1100000.00 

14 Way Bridge including Civil Structure   1100000.00 

15 Boundary wall and Gate   400000.00 

16 Green area development   50000.00 

17 Processing Machinery   5500000.00 

18 Material handling equipments   4500000.00 

   Un forseen items   420000.00 
  Grant Total   36500000.00 

 

 
To landfill 

Product conveyor 

 

Semi Product 

 

Trommel 

Chute 

Bio-manure 

Rejection belt 
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Table 7.4 Component wise cost estimate for Windrow composting plant 

5 Ton Capacity 10 Ton Capacity Sl.No Items 
Size Cost (Rs.) Size Cost (Rs.) 

1 Plant building 314 m2 22,25,916.00 616 m2 37,02,026.00 

2 Administrative building  20 m2 3,00,000.00 20 m2 3,00,000.00 

3 Machinary & Equipments, etc  10,00,000.00  12,00,000.00 

4 Shredder for plastic   6,00,000.00  6,00,000.00 

5 Electrification  1,00,000.00  1,00,000.00 

6 Water supply and sanitary 
arrangements 

 50,000.00  50,000.00 

7 Landfill construction  2,61,665.00  5,23,330.00 

8 Internal roads  30,000.00  30,000.00 

9 Biogas plant for lechate 
treatment facilities 

25 m3 6,00,000.00  6,00,000.00 

10 Design and supervision   3,00,000.00  4,00,000.00 

11 Unforeseen items   1,32,419.00  1,94,644.00 

 Total   56,00,000.00  77,00,000.00 

 

The total cost estimated for establishing solid waste management plant is based on the standard design 

prepared for land with moderartely good soil. There may be slight difference in construction cost based on 

the nature of the land.  The design and estimate has to be finalised after identifying the land.  The land 

required for solid waste management plants with land fill facilities for rejects is estimated as 0.90 acres to 

1.2 acres for 5 tonne  plant and 1.35 to 1.5 acres for 10 tonne plant with land fill capacity for 10 years. 
 

7.2 Biomethanation  

Biogas is a mixture of gases composed of methane (CH4) 40 - 70 vol. %, carbon dioxide (CO2)  30 – 60 vol. 

%, other gases  1 – 5 vol% including hydrogen (H2) 0-1 vol.% and hydrogen sulphide (H2S) 0-3 vol.%. It 

originates from bacteria in the process of bio-degradation of organic material under anaerobic (without air) 

conditions. The natural generation of biogas is an important part of the biochemical carbon cycle. 

Methanogens (methane producing bacteria) are the last link in a chain of microorganisms, which degrade 

organic material and return the decomposition products to the environment. In this process, biogas is 

generated, which is a source of renewable energy. As is the case with any pure gas, the characteristic 

properties of biogas are pressure and temperature dependency.  It is also affected by moisture content. 

Well-functioning biogas systems can yield a whole range of benefits for their users, the society and the 

environment in general.  Biogas technology can substantially contribute to energy conservation and 

development, if the economic viability and social acceptance of biogas technology are favorable.  
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(i)  Anaerobic Processing 

Anaerobic processing of organic material is a two-stage process, where large organic polymers are 

fermented into short-chain volatile fatty acids. These acids are then converted into methane and carbon 

dioxide 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.12 Metabolic stages of  Biogasification of Organic Waste 

Both the organic polymers fermentation process and acid conversion occur at the same time, in a single-

phase system.  The separation of the acid-producing (acidogenic) bacteria from the methane producing 

(methanogenic) bacteria results in a two-phase system. 

The main feature of anaerobic treatment is the concurrent waste stabilization and production of methane 

gas, which is an energy source. The retention time for solid material in an anaerobic process can range from 

a few days to several weeks, depending upon the chemical characteristics of solid material and the design 

of the biogasification system (e.g., single stage, two-stage, multi-stage, wet or dry, temperature and pH 

control). 

In the absence of oxygen, anaerobic bacteria decompose organic matter as follows: 

 

 

Complex organic 
carbon 

Monomers 

Organic acids 

Acetic acid<> 
H2 + CO2 

CH4 + CO2 
 

Hydrolysis 

Acidogenesis 

Acetogenesis 

Methanogenesis 

   Organic matter + anaerobic bacteria      CH4 + CO2 + H2S+ NH3   + other end   products + energy 
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The conditions for biogasification need to be anaerobic, for which a totally enclosed process vessel is 

required.  Although this necessitates a higher level of technology than compared to composting, it allows a 

greater control over the process itself and the emission of noxious odours. Greater process control, 

especially of temperature, allows a reduction in treatment time, when compared to composting. Since a 

biogas plant is usually vertical, it also required less area than a composting plant. 

Biogasification is particularly suitable for wet substrates, such as sludges or food waste, which present 

difficulties in composting, as the lack of structural material restricts air circulation. The anaerobic process is 

used sometimes to digest sewage sludge, and this has been extended to fractions of household solid waste. 

In contrast to aerobic processes (i.e., composting), biogasification is mildly exothermic. Thus, the heat needs 

to be supplied to maintain the process temperature, especially for thermophilic processes. The advantage of 

high temperature is that the reaction will occur at a faster rate, and so a shorter residence time is required in 

the reactor vessel. 

According to the solid content of the material digested and the temperature at which the process operates, 

the various biogasification processes can be classified as: 

Dry anaerobic digestion: In dry anaerobic digestion, semi-solid wastes are digested to produce biogas in a 

single stage, either as a batch process or a continuous process.  It takes place at a total solid concentration 

of over 25%, and below this level of solid, the process is described as wet digestion. With regard to 

temperature, the processes are either described as mesophilic (operating between 30 and 40oC) or 

thermophilic (Operating between 50 and 65oC), and anaerobic microorganisms have optimum growth rates 

within these temperature ranges. The dry fermentation process means that only little process water has to 

be added or heated, which favours thermophilic operation.  No mixing equipment is necessary, and crust 

formation is not possible due to the relatively solid nature of the digester contents. This anaerobic process 

usually takes between 12 and 18 days, followed by several days in post-digestion for residue stabilization 

and maturation.  

Wet anaerobic digestion: In its simplest form, this process consists of a single stage in a completely mixed 

mesophilic digester, operating at a total solid content of around 3-8%. To produce this level of dilution, a 

considerable amount of water has to be added and heated, and then removed after the digestion process. 

This method is routinely used to digest sewage sludge, and animal and household wastes.  The single-stage 

wet process can suffer from several practical problems such as the formation of a hard scum layer in the 

digester and difficulty in keeping the content completely mixed. 

The major problem with the single stage process is that the different reactions in the process cannot be 

separately optimized.  The acidogenic microorganisms grow fast and lower the pH of the reaction mixture, 

whereas the methanogens, which grow slowly, have a pH optimum around 7.0.  The development of the 

two-stage digestion process solves this problem as hydrolysis and acidification occur in the first reactor  
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vessel, kept at a pH of around 6.0 and methanogenesis occurs in the second vessel, operated at a pH of 

7.5- 8.2.  The whole process can run with a retention time of 5 to 8 days. 

Maturing or refining 

The residues of both wet and dry biogasification processes require extensive maturing under aerobic 

conditions.  However, we can considerably reduce this period through effective aeration. The maturation 

processes facilitate the release of entrapped methane, elimination of phytotoxins (i.e., substances that are 

harmful for plant growth, such as volatile organic acids) and reduce the moisture content to an acceptable 

level.  These residues contain a high level of water – even the dry process residue contains around 65% 

water. 

Filtering or pressing can reduce excess water, and further drying can be achieved using waste heat from the 

gas engine, if the biogas is burnt onsite to produce electricity.  The digested residue, initially anaerobic, will 

also contain many volatile organic acids and reduced organic materials.  These need to be matured 

aerobically to oxidize and stabilize the compounds, in the process similar to the maturation of aerobic 

compost, prior to sale as compost or disposal as residue.  Odour production is measured as the total 

amount of volatile organics produced per tonne of bio-waste during composting and the final aerobic 

maturation after anaerobic digestion.  

(ii) Factors affecting biogasification 

Similar to the composting process, a number of environmental factors influence biogasification some of 

which are listed below: 

• Temperature: A temperature range of about 25 – 40oC (mesophilic) is generally optimal. It can be 

achieved without additional heating, thus being very economical.  In some cases, additional energy input is 

provided to increase temperature to 50 – 60oC (thermophilic range) for greater gas production.  Often 

digesters are constructed below ground to conserve heat. 

• pH and alkalinity: pH close to neutral, i.e., 7, is optimum.  At lower pH values (below 5.5), some 

bacterial activities are inhibited.  Excess loading and presence of toxic materials will lower pH levels to 

below 6.5 and can cause difficulties.  When pH levels are too low, stopping the loading of the digester and/or 

use of time is recommended.  The presence of alkalinity between 2500 and 5000 mg/L will provide good 

buffering against excessive pH changes. 

• Nutrient concentration: An ideal C:N ratio of 25:1 is to be maintained in any compound to grow and 

multiply. Too much nitrogen, however, can inhibit methanogenic activity.  If the C:N ratio is high, then gas 

production can be enhanced by adding nitrogen, and if the C:N ratio is low, it can be increased by adding 

carbon, i.e., adding chicken manure, etc., which reduces the possibility of toxicity.  Anaerobic digestion not 

only breaks down plant materials into biogas, but also releases plant nutrients, such as nitrogen (N), 

potassium (K) and phosphorous (P), and converts them into a form that can easily be absorbed by plants. 
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• Loading: When any digester is designed, the main variable to be defined is the internal volume. The 

digester volume is related to two other parameters, and these are feed rate (Q, measured in m3/day) and 

hydraulic loading or retention time (R, measured in days).  The feed rate (Q) is given by the mass of total 

solid (m, kg) fed daily, divided by the proportion of total solid (TS) in the mixed slurry (as summing the 

density of feed is 1000 kg/m3). 

 

1000TSx
mQ =                    or             day

xTS
mQ m /

10%
3=  

 

 

The retention time (R) of any digester is given by the volume of the digester pit (V,m3), divided by the 

volume of the daily feed (Q, m3/day). 

       

days
Q
VR =        

                    

The loading rate, r (kg, VS/m3/day) of a digester is defined as the mass of volatile solids added each day 

per unit volume of digester.  This is related to mass feed rate: 

 

Q
mxVSr =         or        

100
%

Qx
mxVSr =  kg VS / m3 / day  

 

The typical values for the loading rate are between 0.2 and 2.0 kg VS/m3/day. 
 

• Effect of toxins:  The main issue facing the biogas plants is the  presence of toxic substance.  

Chlorinated hydrocarbons, such as chloroforms and other organic solvents, are particularly toxic to biogas 

digestion.  If the digester has been badly poisoned, it may be difficult to remove the toxins without removing 

most of the bacteria. In that case, the digester must be emptied, cleaned with plenty of water and refilled 

with fresh slurry. 

(iii) Types of Digesters 

In the anaerobic digestion process, the organic matter in mixtures of sludges is converted biologically, under 

anaerobic conditions, to a variety of products including methane (CH4) and carbon dioxide (CO2).  The 

process is carried out in an airtight reactor, where wastes in the form of sludges are introduced continuously 

or intermittently and retained in the reactor for varying periods.  The microbiology of anaerobic digestion and 

the optimum environmental considerations for the microorganisms can be achieved by selecting the proper 

type of digester. 
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Here we explain the operation and physical facilities for anaerobic digestion in single-stage digester 

(standard rate and high rate) and two-stage digester, which generally operate in a mesophilic range, i.e., 

between 30 and 38oC. 

Standard rate single-stage digester:  In a single-stage digester, the untreated waste sludge is directly 

added to the zone, where the sludge is actively digested and the gas is being released.   The sludge is 

heated by means of an external heat exchanger. As the gas rises to the surface, it lifts sludge particles and 

other minerals such as grease oil and fats, ultimately giving rise to the formation of scum layer.  As a result 

of digestion, the sludges stratify by forming a supernatant layer above the digesting sludge and become 

more mineralized, i.e., the percentage of fixed solid increases. Due to stratification and lack of mixing, the 

standard rate process is used principally for small installations.  Detention time for standard rate processes 

vary from 30 to 60 days. 

High rate single-stage digester: The single-stage high rate digester differs from the single-stage standard 

rate digester in that the solid-loading rate is much greater. The sludge is mixed intimately by gas 

recirculation, mechanical mixing, pumping or draft tube mixer and heated to achieve optimum digestion 

rates. 

With the exception of higher loading rates and improved mixing, there are only a few differences between 

standard rate and high rate digester. The mixing equipment should have a greater capacity and should 

reach the bottom of the tank, which should be deeper to aid the mixing process. Digestion tank may have 

fixed roof or floating covers along with gasholder facility, which provide extra gas storage capacity.  The 

required detention time for a high rate digestion is typically 15 days to less. 

Two-stage digester:  The combination of the two digesters, mentioned above, is known as a two-stage 

digester.  The first stage digester is a high rate complete mix digester used for digestion, mixing and heating 

of waste sludge, while the primary function of a second stage is to separate the digested solid from the 

supernatant liquor, and in the process, additional digestion and gas production may occur. The tanks are 

made identical, in which case either one may be the primary digester.  They may have fixed roofs or floating 

covers along with gasholder facility. 

(iv)  Biogas Plants in India 

In India, the dissemination of large-scale biogas plants in the mid-seventies, and the process has become 

consolidated with the advent of the National Project on Biogas Development (NPBD), initiated by the then 

Ministry of Non-Conventional Energy Sources (http://mnes.nic.in)in 1981. 

There are various biogas plant models approved by NPDB for implementation. All these models are based 

on the basic designs available: floating metal drum type, fixed masonry dome type, and FLEXI, a portable 

model made of rubberized nylon fabric, which has been approved for promotion in hilly and other terrains.  

Some of the NPDB approved models are as follows: 

KVIC floating drum:  Based on Gramalakshmi III, the first workable prototype of a biogas plant – created by  

 

http://mnes.nic.in/
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Jashbhai Patel, a Gandhian worker in the early 1950s – Khadi and Village Industries Commission (KVIC) 

developed this model in the early 1960s.  This model has an underground cylindrical digester with inlet and 

outlet connections at the bottom on either side of a masonry wall.  An inverted metal drum, which serves as 

the gasholder, rests on a wedge type support on top of the digester and, as the gas begins to accumulate, 

the drum starts rising in height.  The weight of the drum applies pressure on the gas to make it pass through 

the pipeline to the point of use.  As the gas flows out, the drum gradually moves down.  Due to this smooth 

two-way motions, the gas remains at constant pressure, which ensures efficient use of gas. Though KVIC 

has been a very popular model since the beginning, it has two major drawbacks: the plant cost is very high  

and the metal gasholder has to be painted regularly for protecting it against corrosion, which means high 

running cost.  

Deenbandhu: Action for Food Production (AFPRO), a 

voluntary organization based in New Delhi, developed this 

model in 1984.  Deenbandhu has properly been the most 

significant development in the entire biogas programme of 

India as the cost of the plant was nearly 50% less than that 

of the KVIC plant, and this brought the biogas technology 

within the reach of even the poorer sections of the 

population. The cost reduction was achieved by minimizing  

 

the surface area through joining the segments of two spheres of different diameters at their bases. This 

structure acts as a digester, and pressure is exerted on the slurry, which is pushed into a displacement 

chamber. The brick masonry dome, which is fixed, requires skilled workmanship and quality material to 

ensure no leakage. 

Pragati:  The United Socio-Economic Development and Research Programme (UNDARP), a Pune-based 

non-governmental organization, developed this model, which is a combination of KVIC and Deenbandhu 

designs. In this model, the lower part of the digester is semi-spherical in shape with a conical bottom. 

However, instead of a fixed dome, it has a floating drum acting as gas storage chamber. The spread of 

Pragati model has been confined mainly to the state of Maharashtra. 

KVIC plant with ferro-cement digester: The Structural 

Engineering Research Centre, Ghaziabad, has developed 

the ferro-cement digester design in order to overcome the 

problems encountered in construction of traditional models 

of biogas plants.  In this digester, layers of thin steel wire 

mesh, distributed throughout, are impregnated with rich 

mortar.  Ferro-cement (i.e., concrete made of welded mesh, 

sand and cement) as a building material offers several  

  Fig:7.13 Bio gas unit - fixed dome model 

Fig: 7.14 Bio gas unit - floating type 
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advantages like 10 to 15% reduction in cost over KVIC digesters, usage of locally available material, less 

labour and little or no maintenance.  

 KVIC plant with fiber reinforced plastic (FRP) gasholder: FRP is used in place of metal in the floating 

drum gasholder. Contact Moulding Process, a technique of moulding without the application of external 

pressure, is adopted to manufacture the FRP.  It employs one of the less expensive types of moulds, 

resulting in lowering the cost of the plant.  The major advantage of FRP is its resistance to corrosion, which 

saves the recurring expenditure on painting the drum. 

FLEXI: Developed by Swastik Rubber Products Ltd., Pune is a portable model in which the digester is made 

of rubberized nylon fabric. The model is particularly suitable for hilly areas, where high transportation cost of 

construction materials, such as cement and bricks substantially increases the cost of installing the regular 

type of biogas plants.  

(v)  Components of biogas plant 

A typical biogas plant has the following components: 

• A digester in which the slurry (e.g., dung mixed with water) is fermented; 

• An inlet tank used to mix the feed and let it into the digester; 

• A gas holder/dome in which the generated gas is collected; 

• An outlet tank to remove the spent slurry; 

• Distribution pipelines(s) to carry the gas into the kitchen; and  

• A manure pit, where the spent slurry is stored. 

The compost produced and slurry from biogas plants is often used as a soil amendment in a variety of 

applications, after ascertaining the quality of the product. Since the product is used for a variety of purposes, 

contaminants in the compost could be detrimental to the environment.  This is minimized through simple 

treatment procedures (i.e., waste segregation, proper turning and sufficient composting time).  
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MODULE - 8 
 
 

 INCINERATION AND ENERGY RECOVERY 
 
 

8.1 Incineration Process 

Incineration is a chemical reaction in which carbon, hydrogen and other elements in the waste mix with 

oxygen in the combustion zone and generates heat.  The air requirements for combustion of solid wastes 

are considerable.  For example, approximately 5000 kg of air is required for each tonne of solid wastes 

burned.  Usually, excess air is supplied to the incinerator to ensure complete mixing and combustion and to 

regulate operating temperature and control emissions.  Excess air requirements, however, differ with 

moisture content of waste, heating values and the type of combustion technology employed.  The principal 

gas products of combustion are carbon dioxide, water, oxygen and oxides of nitrogen. 

Many incinerators are designed to operate in the combustion zone of 900 – 1100oC.  This temperature is 

selected to ensure good combustion, complete elimination of odours and protection of the walls in the 

incinerator.  Incinerator systems are designed to maximize waste burn out and heat output, while minimizing 

emissions by balancing the oxygen (air) and the three “Ts”, i.e., time, temperature and turbulence.  

Complete incineration of solid wastes produces virtually an inert residue, which constitutes about 10% of the 

initial weight and this residue is generally land filled.  

The incineration facility along with combustion of waste emits air pollutants (i.e., fine particulate and toxic 

gases), thus leading to environmental concern.  Other concerns relating to incineration include the disposal 

of the liquid wastes from floor drainage, quench water, scrubber effluents and the problem of ash disposal in 

landfills because of heavy metal residues.   

The major elements that constitute solid wastes and the end products of combustion are given below: 

 

Table 8.1 

Major Elements of Solid Wastes 

Elements End Products (Gases) 

Carbon  (C) Carbon dioxide (CO2) 

Hydrogen (H) Water(H2O) 

Oxygen (O)  

Nitrogen (N) Nitrogen(N2) 

Sulphur (S) 

Combustion Process 

Sulphur dioxide (SO2), other 
gaseous compounds and ash 
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Table 8.2 

Ultimate Analysis of Combustible Component 

 

Percent by Weight (dry basis) 

Component Carbon Hydrogen Oxygen Nitrogen Sulphur Ash 

Food waste 48.0 6.4 37.6 2.6 0.4 5.0 

Paper 43.5 6.0 44.0 0.3 0.2 6.0 

Cardboard 44.0 5.9 44.6 0.3 0.2 6.0 

Plastic 60.0 7.2 22.8 - - 10.0 

Textile 55.0 6.6 31.2 4.6 0.15 2.5 

Rubber 78.0 10.0 - 2.0 - 10.0 

Leather 60.0 8.0 11.6 10.0 0.4 10.0 

Garden trimmings 47.8 6.0 38.0 3.4 0.3 4.5 

Wood 49.5 6.0 42.7 0.2 0.1 1.0 

Dirt, ash, brick, etc. 26.3 3.0 2.0 0.5 0.2 68.0 

Source: Tchobanoglous et al. (1977) 

The major aims of incineration of solid wastes are (i) Volume reduction (ii) Stabilization of waste (iii) 

Recovery of energy from waste (EFW) and (iv) Sterilization of waste. Modern incineration facilities are  

designed to produce steam and electricity and can be used as a complement to source reduction, recycling 

and composting programmes.  However, strategic long-term planning is essential for developing a 

successful incineration facility.  In other words, it is important to develop an understanding of a variety of 

issues in the planning process such as (i) Facility ownership and operation, (ii) Energy market (iii) Marketing 

electricity, (iv) Facility siting,(v) Environmental aspects (vi) Time frame etc. 

The major incineration technologies commonly used are Mass burning system,  Modular incineration and 

Fluidized bed incineration.  The two most widely used and technically proven incineration technologies are 

Mass-burning incineration and Modular incineration.  Fluidized-bed incineration has been employed to a  
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lesser extent, although its use has been expanding and experience with this relatively new technology has 

increased. Refuse-derived fuel production and incineration has also been used, with limited success.  Some 

facilities have been used in conjunction with pyrolysis, gasification and other related processes that convert 

solid waste to gaseous, liquid, or solid fuel through thermal processing 

(i)  Mass-burning System 

 A mass-burn facility typically consists of a reciprocating grate combustion system and a refractory-lined, 

water-walled steam generator. Mass-burn systems generally consist of either two or three incineration units  

ranging in capacity from 50 to 1,000 tonnes per day. These facilities can accept refuse that has undergone 

little preprocessing other than the removal of oversized items. Mass-burn facilities today generate a higher 

quality of steam (i.e., pressure and temperature), which is then passed through a turbine generator to 

produce electricity or through an extraction turbine to generate electricity as well as provide process steam 

for heating or other purposes.   

 

 
 
 
 
 
 
 
 
 

 

 

 

 
 

 

Fig. 8.1 Typical Mass-burn facility. 

 

(ii)  Modular Incineration 
 

Modular incinerator units are usually prefabricated units with relatively small capacities between 5 and 120 

tonnes of solid waste per day. Typical facilities have between 1 and 4 units with a total plant capacity of 

about 15 to 400 tonnes per day.  The majority of modular units produce steam as the sole energy product.  

Due to their small capacity, modular incinerators are generally used in small communities or for commercial 

and industrial operations. The prefabricated design gives modular facilities the advantage of a shorter 

construction time.  Modular incinerators employ a different process from that of mass-burn incinerators, 

typically involving two combustion chambers, and combustion is typically achieved in two stages. In general, 

modular incineration systems are a suitable alternative and may, for smaller-sized facilities, be more cost- 
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effective than other incinerators. But modular incineration has become less common, partly due to concerns 

over the consistency and adequacy of air pollution controls. 

(iii) Fluidised-bed Incineration 

Fluidised-bed incineration of MSW is typically medium scale, with processing capacity from 50 to 150 tonnes 

per day.  In this system, a bed of limestone or sand that can withstand high temperatures, fed by an air 

distribution system, replaces the grate.  The heating of the bed and an increase in the air velocities cause 

the bed to bubble, which gives rise to the term fluidised.  There are two types of fluidised-bed technologies, 

viz., bubbling bed and circulating bed.  The differences are reflected in the relationship between air flow and 

bed material, and have implications for the type of wastes that can be burned, as well as the heat transfer to 

the energy recovery system. Fluidised-bed systems are more consistent in their operation than mass burn 

and can be controlled more effectively to achieve higher energy conversion efficiency, less residual ash and 

lower air emissions. In general, however, these systems appear to operate efficiency on smaller scales than 

mass-burn incinerators which may make them attractive in some situations.  For this reason, fluidised-bed 

technology may be a sound choice for high-recycling cities in developing countries when they first adopt 

incineration. 

The benefit of incineration is a substantial reduction in the weight and volume of waste, and generation of 

revenue from energy production known as “waste-to-energy” (WTE), which can partially offset the cost of 

incineration. Most of the MSW incineration currently practice energy recovery in the form of steam, which is 

used either to drive a turbine to generate electricity or directly for heating or cooling.    The three basic types 

of waste-to energy incineration are: 

Generation of electricity: Electricity is the most common form of energy produced from WTE facilities 

today.  By directing the steam produced from a WTE system through a turbine generator, electricity can be 

produced .Of the electricity produced in incinerators, about one-fifth is used at the facility itself for general 

operations, and the remainder is utilized outside.  

Steam generation: Steam is used widely in a variety of industrial applications. Steam generated in 

incineration facilities can also be used directly by a customer for manufacturing operations. Steam 

generated in an incinerator is supplied to a customer through a steam line, and a separate line sometimes 

returns the condensed steam. It can be used to drive machinery such as compressors, for space heating 

and generating electricity. Industrial plants, dairies, cheese plants, public utilities, paper mills, tanneries, 

breweries, public buildings and many other businesses use steam for heating and air conditioning. 

Co-generation: Co-generation refers to combined production of steam and electricity and can occur in two 

ways. If the energy customer requires steam conditions (pressure and temperature) that are less than the 

incineration plant’s design specifications, a turbine-generator is used to produce electricity and thus reduce 

steam conditions to appropriate levels for the customer.  If the steam purchaser cannot accept all the steam  

produced by the facility, the excess can be converted to electricity. In co-generation, high-pressure steam is  
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used first to generate electricity; the steam leaving the turbine is then used to serve the steam users.   

The major risks of incinerators are the potential emission of contaminants into the air through exhaust stack 

or into the water through ash leachate. Proper planning to minimize these problems as well as public 

education and involvement that directly address these issues are essential for a successful incineration 

programme.  

 

8.2 Pelletization/Refuse Derived Fuel (RDF) System 

It is basically a processing method for mixed MSW, which can be very effective in preparing an enriched fuel 

feed for thermal processes like incineration or for use in industrial furnaces.RDF consists largely of organic 

components of municipal waste such as plastics and biodegradable waste compressed in to pellets,brickets 

or logs.RDF systems have two basic components:  RDF production and RDF incineration. 

 

RDF production facilities make RDF in various forms through material separation, size reduction and 

pelletizing. RDF production plants characteristically have an indoor tipping floor.  The waste in an RDF plant 

is typically fed onto a conveyor, which is either below grade or hopper fed. In some plants, the loader doing 

the feeding will separate corrugated and bulky items like carpets. On the conveyor, the waste travels 

through a number of processing stages, usually beginning with magnetic separation. The processing steps 

are tailored to the desired products, and typically include one or more screening stages, using trommel or 

vibrating screens, shredding or hammer milling of waste with additional screening steps, pelletizing or baling 

of burnable wastes and depending on the local recycling markets and the design of the facility, a manual 

separation line.   

 

 
Fig. 8.2  Typical Simplified RDF Facility 
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There are two primary types of systems in operation, and they are: 

 

(i) Shred-and-burn systems: Shred-and-burn systems are the simplest form of RDF production. The 

process typically consists of shredding the MSW to the desired particle size that allows effective 

feeding to the combustor and magnetic removal of ferrous metal, with the remaining portion 

delivered to the combustor.  There is no attempt to remove other non-combustible materials in the 

MSW before combustion.  This, in essence, is a system with minimal processing and removal of 

non-combustibles.  

(ii) Simplified process systems: This is a system that removes a significant portion of the non-

combustibles.  A simplified process system involves processing the MSW to produce an RDF with 

a significant portion of the non-combustibles removed before combustion. The MSW process 

removes more than 85% of the ferrous metals, a significant percentage of the remaining non-

combustible (i.e., glass, nonferrous metals, dirt, sand, etc) and shreds the material to a nominal 

particle top size of  10 to 15 cm to allow effective firing in the combustion unit.  

 

Depending on the type of combustor to be used, a significant degree of separation can be achieved to 

produce a high-quality RDF (i.e., low ash), which typically results in the loss of a higher percentage of 

combustibles when compared to systems that can produce a low-quality fuel (i.e., slightly higher ash 

content) for firing in a specially designed combustor.  These types of systems recover over 95% of the 

combustibles in the fuel fraction. 

The RDF can be used alongside traditional sources of fuel incoal power plants, cement kiln industry, plasma 

arc gasification modules, pyrolysis plants, etc. RDF is capable of being combusted cleanly and can provide 

a funding source where unused carbon credits are sold on the open market via a carbon exchange.  
  

8.3 Pyrolysis and Gasification 

It is a process that converts carbonaceous materials, such as biomass into carbon monoxide an hydrogen 

by reacting the raw material at high temperatures with a controlled amount of oxygen. The resulting gas 

mixture is calledsynthesis gas or syngas and is a good fuel. Gasification is a methos for extracting energy 

from different types of organic materials. he advantage of gasification is that using the syngas is more 

efficient than direct combustion of the original fuel. Gasification can also be done with materials that are not 

otherwise useful fuel,such as biomass or organic wasteIt is an important technology for renewable energy. 

8.4 Plasma Pyrolysis   

Plasma pyrolysis or Plasma gasification is a waste treatment technology that gasifies matter in an oxygen-

starved environment to decompose waste materials in to its basic molecular structure. It uses high electrical 

energy and high temperature created by an electric arc gasifier and does not combust the waste as 

incinerators do. This arc breaks down waste primarly into elemental gas and solid waste (slag) in  a device 

called plasma converter.The process has been intended to be  a net generator of electricity, depending upon  
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composition of input wastes, and to reduce the volume of  wastes being sent to landfill sites. The basic 

thermodynamics is that the electricity cost will be very high when processing wet wastes such as municipal 

wastes, using plasma power alone.  
  

Air Emission and its Control 

The operation of the combustion process plays an important role in the formation of pollutants, which are 

carbon monoxide, NOx (oxides of nitrogen), hydrocarbons and other volatile organic compounds.  It also 

produces gaseous stream containing dust, acid gases (HCI, SOx, HF), heavy metals and traces of dioxins 

(McDougall et al., 2001).  The majority of modern incinerators, however, produce less particulate and 

gaseous pollutants than their predecessors. The various gaseous pollutants formed due to incineration 

processes are Carbon dioxide (CO2),Carbon monoxide (CO), Sulphur oxides (SOx), Nitrogen oxides (NOx), 

Particulates, Hydrochloric acid (HCI), Hydrogen fluoride (HF), Heavy metals (Hg, Cd, Pb, Zn, Cu, Ni, Cr), 

Dioxins and furans.  

There many technologies employed to carry out the necessary flue gas cleaning such as (i) Electrostatic 

precipitators (ESP) (ii) Fabric filters and (iii) Scrubbers.  

Apart from air pollution, there are other environmental concerns related to incineration like Water pollution, 

Land-retained pollution, Residue disposal, Noise pollution, Aesthetic impact, etc  
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MODULE - 9  
 
 

HAZARDOUS WASTE MANAGEMENT 
 

Hazardous wastes refer to waste that may, or tend to, cause adverse health effects on the ecosystem and 

human beings. The criteria used to determine the nature of hazard include toxicity, phytotoxicity, genetic 

activity and bio-concentration.  The threat to public health and the environment of a given hazardous waste 

is dependent on the quantity and characteristics of the waste involved. For a material to be classified as a 

hazardous waste, it must also meet the criteria specified in the regulatory definition of solid waste. By using 

either or both of the following criteria, it is possible identify whether or not a waste is hazardous: 

(i)     The list provided by government agencies declaring that substance as hazardous 

(ii) Characteristics such as ignitability, corrosivity, reactivity and toxicity of the substance 

9.1 Listed hazardous wastes (priority chemicals) 

Any waste that fits the definition of a listed waste is considered as hazardous waste. Four separate lists 

cover wastes from generic industrial processes, specific industrial sectors, unused pure chemical products 

and formulations that are either acutely toxic or toxic, and all hazardous waste regulations apply to these 

lists of wastes. 

The description of the wastes, classified in the F, K,P, and U industrial waste codes, are given below 

F-list- The F-list consists of solvents commonly used in degreasing, metal treatment baths and sludges, 

wastewaters from metal plating operations and dioxin containing chemicals or their precursors.  Examples of 

solvents that are F-listed hazardous wastes, along with their code numbers, include benzene (F005), carbon 

tetrachloride (F001), cresylic acid (F004), methyl ethyl ketone (F005), methylene chloride (F001).   

K-list: The K-list contains hazardous wastes generated by specific industrial processes.  Examples of 

industries, which generate K-listed wastes include wood preservation, pigment production, chemical 

production, petroleum refining, iron and steel production, explosive manufacturing and pesticide production. 

P and U lists:  The P and U lists contain discarded commercial chemical products, off-specification 

chemicals, container residues and residues from the spillage of materials.  An example of a P or U listed 

hazardous waste is a pesticide, which is not used during its shelf-life and required to be disposed in bulk.  

The primary distinction between the two lists is the quantity at which the chemical is regulated.  The P-list 

consists of acutely toxic wastes that are regulated when the quantity generated per month exceeds 25 

kilograms.  Examples of businesses that typically generate P or U listed wastes include pesticide 

applicators, laboratories and chemical formulators. The major characteristics of hazardous wastes are 

Ignitability, Corrosivity, Reactivity and Toxicity. The hazardous wastes are classified in to five general 
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categories such as Radioactive substance, Chemicals, Biomedical wastes, Flammable wastes and 

Explosives. 

Containers and facilities used in hazardous waste storage and handling are selected on the basis of waste 

characteristics.  For example, corrosive acids or caustic solutions are stored in fiberglass or glass-lined 

containers to prevent deterioration of metals in the container. Great care must also be exercised to avoid 

storing incompatible wastes in the same container or locations.  The stored containers are transported 

unopened to the treatment and disposal facility.   

Table 9.1 

Common Sources of Hazardous Wastes 

Waste Category Sources 

Radioactive substances Biomedical research facilities, colleges and university laboratories, 

offices, hospitals, nuclear power plants etc  

Toxic chemicals Agricultural chemical companies, battery shops, car washes, chemical 

shops, college and university laboratories, construction companies, 

electric utilities, hospitals and clinics, industrial cooling towers, 

newspaper and photographic solutions, nuclear power plants, pest 

control agencies, photographic processing facilities, plating shops, 

service stations etc. 

Biological wastes Biomedical research facilities, drug companies, hospitals, medical 

clinics, etc 

Flammable wastes Drycleaners, petroleum reclamation plants, petroleum refining and 

processing facilities, service stations, tanker truck cleaning stations, 

etc. 

Explosives Construction companies, dry cleaners, ammunition production facilities 

etc. 

 

Regarding the transfer and transport, the facilities of a hazardous waste transfer station are quite different 

from solid waste transfer station.  Typically, hazardous wastes are not compacted (i.e., mechanical volume 

reduction) or delivered by numerous community residents. Instead, liquid hazardous wastes are generally 

pumped from collection vehicles and sludge or solids are reloaded without removal from the collection 

containers for transport to processing and disposal facilities. 

(i)  Processing  of Hazardous Wastes  

Processing of hazardous waste is done for purposes of recovering useful materials and preparing the 

wastes for disposal. Processing can be accomplished on-site or off-site.  The factors affecting the selection 

of processing site include the characteristics of wastes, the quantity of wastes, the technical, economical 
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and environmental aspects of available on-site treatment processes and the availability of the nearest off-

site treatment facility. The treatment of hazardous waste can be accomplished by physical, chemical, 

thermal or biological means.   

Table 9.2  

 Hazardous Waste Treatment Operations and processes 

 

Operation/Processes Functions 
performed-$ 

Types of wastes* Forms of waste# 

Physical Treatment    

Aeration Se 1,2,3,4 L 

Ammonia striping VR, Se 1,2,3,4 L 

Carbon sorption VR, Se 1,3,4,5 L,G 

Centrifugation VR,Se 1,2,3,4,5 L 

Dialysis VR, Se 1,2,3,4 L 

Distillation VR, Se 1,2,3,4,5 L 

Electro dialysis VR, Se 1,2,3,4,6 L 

Encapsulation St 1,2,3,4,6 L,S 

Evaporation VR,Se 1,2,5 L 

Filtration VR, Se 1,2,3,4,5 L,G 

Flocculation/Settling VR,Se 1,2,3,4,5 L 

Floatation Se 1,2,3,4 L 

Reverse osmosis VR,Se 1,2,4,6 L 

Sedimentation VR,Se 1,2,3,4,5 L 

Thickening Se 1,2,3,4 L 

Vapour scrubbing VR,Se 1,2,3,4 L 

Chemical treatment    

Calcination VR 1,2,5 L 

Ion exchange VR,Se,De 1,2,3,4,5 L 

Neutralisation De 1,2,3,4 L 

Oxidation De 1,2,3,4 L 

Precipitation VR,Se 1,2,3,4,5 L 

Reduction De 1,2 L 

Solvent extraction Se 1,2,3,4,5 L 

Sorption De 1,2,3,4 L 

Thermal treatment    

Incineration VR,De 3,5,6,7,8 S,L,G 

Pyrolysis VR,De 3,4,6 S,L,G 

Biological Treatment    

Activated sludges De 3 L 

Aerated lagoons De 3 L 

Anaerobic digestion De 3 L 

Anaerobic filters De 3 L 

Trickling filters De 3 L 

Waste stabilization pond De 3 L 

Source: Tchobanoglous et al. (1977, 1993) 
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$ Function: VR = Volume reduction; Se = separation; De= detoxification; St= storage;  
 

* Waste types: 1 = inorganic chemical without heavy metals;  2 = inorganic chemical with heavy metal; 3= 

organic chemical without heavy metal;  4 =organic chemical with heavy metal;  5= radiological; 6 = 

biological;  7 = flammable and  8= explosive;  

# Waste forms: S = solid;  L = liquid and  G = gas 
 

In practice, the physical, chemical and thermal treatment operations are the most commonly used. 

(Biological treatment processes are used less often because of their sensitivity). 
 

(ii)  Disposal 
 

Regardless of their form (i.e., solid, liquid or gas) most hazardous waste is disposed off either near the 

surface or by deep burial.   

Table 9.3 
Hazardous Waste Disposal Methods 

Operation/Processes Functions performed $ Types of wastes* Forms of waste# 

Deep well injection Di 1,2,3,4,5,6,7 L 

Detonation Di 6,8 S,L,G 

Engineered storage St 1,2,3,4,5,6,7,8 S,L,G 

Land burial Di 1,2,3,4,5,6,7,8 S,L 

Ocean dumping Di 1,2,3,4,7,8 S,L,G 
 

Source: Tchobanoglous et al. (1977 and 1993) 
 

$ Functions: Di  = disposal; St  = storage;  *Waste types; 1  = inorganic chemical without heavy metals; 2 = 

inorganic chemical with heavy metal; 3 = organic chemical without heavy metal;  4  = organic chemical with 

heavy metal; 5 = radiological;  6 = biological;7= flammable and 8= explosive.# waste form;  S= solid; L= 

liquid and G = gas 

 

Utmost care must be taken both in the selection of a hazardous waste disposal site and its design. In 

general, disposal sites for hazardous wastes should be separate from those for municipal solid wastes. As 

hazardous wastes can exist in the form of liquids, sludges, solids and dusts, a correct approach for co-

disposal for each of the hazardous wastes should be determined. While designing a landfill site for 

hazardous waste, provision should be made to prevent any leachate escaping from landfill site. This 

requires a clay liner, and in some cases, both clay and impermeable membrane liners are used. A layer of 

limestone is placed at the bottom of the landfill to neutralize the pH of leachate. A final soil cover of 25 cm or 

more should be placed over the liner. The completed site should be monitored continuously, both visually 

and with sample wells.  
 

(iii)  Hazardous Waste Treatment 
 

Prior to disposal, hazardous wastes need appropriate treatment, depending on the type of waste.  The 

various options for hazardous waste treatment can be categorized under physical, chemical, thermal and  
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biological treatments.  
 

Physical and Chemical Treatment 
 

Physical and chemical treatments are an essential part of most hazardous waste treatment operations  

through Filtration and separation. Filtration is a method for separating solid particles from a liquid using a 

porous medium.  The major applications in use for  filtration are (i) Dewatering (ii) Chemical precipitation (iii) 

Chemical oxidation and reduction (redox) (iv) Solidification and stabilization(v) Evaporation and (vi) 

Ozonation  

Thermal treatment 

The two main thermal treatments used with regard to hazardous wastes are Incineration and Pyrolysis 

Biological Treatment 

Some of the techniques used for biological treatment of hazardous waste are Land treatment, Enzymatic 

systems, Composting and  Aerobic and anaerobic treatment.  

 

(iv) Hazardous Wastes Management in India 

The Directive Principles of State Policy of the Constitution, Article 48A of Chapter IV enjoins the State to 

endeavor for protection and improvement of the environment and for safeguarding the forest and wild life of 

the country.  In Article 51 A(g) of the constitution, one of the Fundamental Duties of every citizen in India is 

to protect and improve the natural environment including forests, lakes, rivers and wildlife and to have 

compassion for living creatures. India has enacted the following laws, regulations and standards governing 

the country’s environmental protection:  

 

(i) The Water (Prevention and Control of Pollution) Act, 1974 as amended in 1988. 

(ii) Water (Prevention and Control of Pollution) Rules, 1975 

(iii) The Water (Prevention and Control of Pollution) Cess Rules, 1978 

(iv) The Air (Prevention and Control of Pollution) Act, 1984, as amended by amendment Act 1987 

(v) The Air (Prevention and Control of Pollution) rules 1982 and 1983 

(vi) The Environment (Protection) Act, 1986 

(vii) Hazardous Waste (Management and Handling) Rules,1989 as amended in 2000.  

(viii) Management, Storage and Import of Hazardous Chemical Rules, 1989 

(ix) Manufacture, Use, Import, Export and Storage of Hazardous Microorganisms,  Genetically 

Engineered Microorganisms or Cells Rules, 1989 

(x) The Public Liability Insurance Act, 1991. 

(xi) The Public Liability Insurance Rules, 1991. 

(xii) Municipal Wastes (Management and Handling) Draft Rules, 1999  

(xiii) Hazardous Waste (Management and Handling) Amendment Rules, 2000  
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Because of these amendments, the legal management of hazardous substances in India will now apply to 

44 industrial processes, as specified in Schedule 1 of the Rules. The penal provisions for non-compliance 

under Hazardous Waste (Management and Handling) amended rules 2000 and Environment (Protection) 

Act, 1986 are: 

 

• The State Pollution Control Board may cancel an authorization issued under these rules or 

suspend it for such period as it thinks fit, if, in its opinion, the authorized person has failed to 

comply with any of the conditions of the authorization or with any provisions of the Act of these 

rules, after giving the authorized person an opportunity to show cause and after recording reasons 

therefore. 

• The occupier, transporter and operator of a facility shall be liable for damages caused to the 

environment resulting due to improper disposal of hazardous waste listed in Schedule 1, 2 and 3 of 

the Hazardous Wastes (Management and Handling) Amendment Rules, 2000.   The occupier and  

operator of a facility shall also be liable to reinstate or restore damaged or destroyed elements of 

the environment. The occupier and operator of a facility shall be liable to a pay a fine as levied by 

the SPCB with the approval of the Central Pollution Control Board (CPCB) for any violation of the 

provisions under these rules. An appeal shall lie against any order of grant or refusal of an 

authorization by the Member Secretary, SPCB, etc., to the Secretary, Department of Environment 

of the State. 

 

Besides the aforementioned provisions for non-compliance(s), the Penalty Provisions, delineated under 

Sections 15 (1, 2) and 16 of the Environmental (Protection) Act, 1986 are also applicable.  Furthermore, the 

Union Ministry of Environment and Forests, through the Gazette Notification of March 24, 1992 introduced 

Public Liability Insurance Act Policy, which is specially designed to protect any person, firm, association, or 

company who owns or has control over handling any hazardous substance at the time of accident.  These 

include 179 hazardous substances along with three categories of inflammable substances.  The term 

handling means manufacturing, processing, treatment, packaging, storing, transportation by vehicle, use, 

collection, destruction, conversion, offering for sale, transfer or any other similar form of dealing with 

hazardous substances. 

 

9.2 Biomedical Waste Management 
 
The biomedical waste is the waste that is generated during the diagnosis, treatment or immunization of 

human beings or animals or in research activities pertaining thereto, or in the production or testing of 

biological components. The different location or points of generation of waste  in a health care establishment 

are: 

1. Operation theatres / wards / labour rooms 
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2. Dressing rooms 

3. Injection rooms 

4. Intensive Care Units 

5. Dialysis room 

6. Laboratory 

7. Corridor 

8. Compound of hospital or nursing home 

(i)  Biomedical Waste Rules  

The Government of India as contemplated under Section 6,8 and 25 of the Environment (Protection) Act, 

1986, has made the Biomedical Wastes (Management & Handling) Rules, 1998. 

The rules are applicable to every institution generating biomedical waste which includes  hospitals, nursing 

homes, clinic, dispensary, veterinary institutions, animal houses, pathological lab, blood bank by whatever 

name called, the rules are applicable to even handlers. 

 

(ii)  Responsibilities of hospitals  

 

It is mandatory for such institutions to: 

 

• Set up requisite biomedical waste treatment facilities like incinerators, autoclave and microwave 

systems for treatment of the wastes, or ensure requisite treatment of the waste at a common waste 

treatment facility  

• Make an application to the concerned authorities for grant of authorization. A fee as prescribed 

shall accompany each application for grant of authorization 

• Submit a report to the prescribed authority by 31 January every year. The report should include 

information about the categories and quantities of bio-medical wastes handled during the preceding 

year.  

• Maintain records about the generation, collection, reception, storage, transportation, treatment, 

disposal and / or any form of handling of bio-medical waste. 

• Report of any accident to the prescribed authority. 
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Table 9.4 
Categories of Biomedical Waste 

 

Waste Category Type of Waste Treatment and Disposal Option 

Category No.1  Human Anatomical Waste 
(Human tissues, organs, body 
parts) 

Incineration @ / deep burial * 

Category No.2 Animal Waste  

(Animal tissues, organs, body 
parts, carcasses, bleeding parts, 
fluid, blood and experimental 
animals used in research, waste 
generated by veterinary hospitals 
and colleges, discharge from 
hospitals, animal houses) 

Incineration @ / deep burial * 

Category No.3 Microbiology & Biotechnology 
Waste (Wastes from laboratory 
cultures, stocks or specimen of 
live micro organisms or 
attenuated vaccines, human and 
animal cell cultures used in 
research and infectious agents 
from research and industrial 
laboratories, wastes from 
production of biologicals, toxins 
and devices used for transfer of 
cultures) 

Local autoclaving /microwaving / 
incineration@ 

Category No.4 Waste Sharps (needles, syringes, 
scalpels, blades, glass etc. that 
may cause puncture and cuts. 
This includes both used and 
unused sharps)  

Disinfecting (chemical treatment 
@@ / autoclaving / microwaving 
and mutilation / shredding ## 

Category No.5 Discarded Medicine and Cytotoxic 
drugs (wastes comprising of 
outdated, contaminated and 
discarded medicines) 

Incineration @ / destruction and 
drugs disposal in secured 
landfills. 

Category No.6 Soiled Waste (items contaminated 
with body fluids including cotton, 
dressings, soiled plaster casts, 
lines, bedding and other materials 
contaminated with blood) 

 

Incineration@/autoclaving/ 
microwaving 

Category No.7 Solid Waste (waste generated 
from disposable items other than 
the waste sharps such as tubing, 
catheters, intravenous sets, etc.) 

Disinfecting by chemical 
treatment @@ / autoclaving / 
microwaving and mutilation / 
shredding ##. 

Category 8 Liquid Waste (waste generated 
from the laboratory and washing, 

Disinfecting by chemical 
treatment @@ and discharge into 
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cleaning, house keeping and 
disinfecting activities) 

drains.  

Category 9 Incineration Ash (ash from 
incineration of any biomedical 
waste)  

Disposal in municipal landfill 

Category 10 Chemical Waste (chemicals used 
in production of biologicals, 
chemicals used in disinfecting, as 
insecticides, etc.) 

Chemical treatment @@ and 
discharge into drains for liquids 
and secured landfill for solids.  

Source:Rajagopalan Nair  & Vijayabhas,E J:Proceedings of KEC,2008 

 
 

*  Deep burial shall be an option available only in towns with population less than five lakhs and in rural areas.  

** Mutilations / Shredding must be such as to prevent unauthorized reuse. 

@ There will be no chemical pre-treatment before incineration. Chlorinated plastics shall not be 
incinerated 

@@ 
  Chemical treatment using at least 1% hypochlorite solution or any other equivalent chemical 
reagent. It  must be ensured that chemical treatment ensures disinfection 
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MODULE-10 

 

SLAUGHTER HOUSE DESIGN AND MANAGEMENT 
 

 

10.1 Status of Slaughter houses 

India is endowed with the largest resource of livestock population in the world. The global demand for Indian 

meat and meat products is increasing considerably during the past few years. More than 65% of the Indian 

population consume meat and meat products. Kerala State is endowed with a highly literate population 

having basic knowledge on the nutritive requirements for growth and development. More than 95% of the 

Keralites consume meat and meat products. 

At present most of the Local Self Government Institutions (LSGIs) in Kerala do not have slaughter house 

with basic facilities for slaughtering of animals, processing of meat in hygienic way and disposal of the waste 

generated. Kerala is the most ideal State in India for development of the meat sector. We have practically 

slaughter slabs, and slaughter houses in all Panchayats, Municipalities and Corporations. However, it is 

most disgusting that large majority of such slaughter houses do not have the basic infrastructure essential 

for clean meat production. Facilities for treatment and disposal of effluents and wastes are also absent.  As 

such, the meat produced in such slaughter houses is highly contaminated, and poor in quality. It is essential 

to protect and promote human health by providing hygienic meat to the consumers. There are 44 slaughter 

houses working in the LSGIs which are in most cases not meeting the basic facilities required for a modern 

slaughter house. Municipalities/ LSGIs are responsible for the construction of slaughter house and to ensure 

distribution of   good quality meat to the public.   

Meat is highly nutritious and tasty and provides, protein, fats, carbohydrates, Vitamins and Minerals. Indian 

meat is low in fats, cholesterol, and chemically clean. Absence of Mad Cow disease among the Indian 

animals is advantageous.  However, the major handicap is the poor quality and contamination of our meat.  

In order to achieve hygienic meat production and improve the quality of meat, we have to take in to 

consideration all aspects required for improving the quality and safety of meat. A holistic approach is 

required in implementing the mandatory requirements for hygienic meat production and for the treatment 

and disposal of wastes and effluents.  

1. Healthy, disease free animals should be used for production of meat. (Cattle, buffaloes, goats, 

sheep, chicken, duck etc.) 

2. All animals should be given rest and plenty of water  before slaughter 

3. Animals should be transported on trucks  and should be provided with water 

4. Ante-mortem inspection should be done by qualified Veterinarian to discard diseased animals.
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5. Slaughter houses should have the following facilities: Stunning pen/ Halal slaughter facility,   

6. Bleeding rails, blood collection facility, Overhead Rail System for dressing the animals on rails, 

Hide pullers (in large slaughter houses) Evisceration facilities, splitters, carcass washing facility, 

Meat Inspection facility, Triperies, store for head, feet, skin/hide  

7. It is essential to provide chillers and cold rooms – and cold chain for transport of meat to the stalls 

8. Bio-gas plants 

9. Rendering plants in all large slaughter houses 

10. Effluent treatment plant 

11. Change rooms for the workers and supervisors, rest rooms  

12. Office for the Veterinary Doctor and for the Manager of the slaughter house 

13. Hide / skin should be removed from the slaughter house in separate containers and should not be 

kept in the same vehicle transporting meat 

14. Edible offals should be kept separate  

15. In-edible offals should be disposed off safely in rendering plants 

 

All workers should be trained in scientific slaughter operations. They should clean up themselves before and 

after the operation and should wear protective gadgets during slaughter operation.  Meat Inspection should 

be carried out on all carcasses and only certified meat should be allowed to be sold in the market.  

It is understood that the State government is intending to modernize all slaughter houses in Kerala. 

Government of India under Ministry of Agriculture and Ministry of Food Processing are providing grants for 

modernization of slaughter houses. It would be ideal and advantageous to modernize and establish large 

slaughter houses at the borders with all modern facilities including cold rooms and such transport facilities, 

instead of spending huge funds on modernization of all slaughter houses in the States. Hygienically 

processed carcasses could be transported to all places in reefer trucks, and ensure the supply of clean and 

safe meat to the consumers. It would be easy to provide large Rendering plants and Effluent treatment 

plants in such slaughter houses. No waste or contaminated offals will be transported to any Municipality or 

Corporation if such facilities are made.  Trained and skilled workers can be employed and all hygienic 

measures could be implemented.    

While considering the various types of byproducts utilization, we have to be realistic and be aware that there 

are several inherent handicaps in the collection and utilization of byproducts from slaughter houses. Except 

the large type of modern abattoirs engaged in export of meat, large majority of slaughter houses are small 

scale to medium type having no facilities for collection, storage and processing of byproducts. Most of the 

slaughter houses do not have even effluent treatment plant or bio-gas plant. It is essential to assess the 

economic feasibility of establishing by-products based industries, taking into account the availability of raw 

material, investment required to set up the industry, demand and cost of end product,  labour cost and its 

marketability. Establishing industrial units based on by-products generally requires huge investments. As  
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such, it is essential to evaluate the availability of raw materials and compare the cost involved before 

jumping into new projects. It may be worth to establish bio-gas plants in small slaughter houses and plan to 

utilize blood by drying it under sun light or mix the same with bran, cook it and dry for utilizing it as feed for 

poultry or pigs 

Table 10. 1  

Livestock/Abattoir By-Products and End Products 

 By-product                                                                 End Product 

Blood Pharmaceutical products, leather finishing agent, plywood adhesive, 
feed, fertilizer 

Bone Gelatine Hotographic, pharmaceutical, explosives, printing, food   

Tallow Soap, cosmetics, food, feed  

Bone ash Ceramics 

Glue Adhesives 

Hide/Skin Leather, Collagen: cosmetics, Glue, Gelatin. 

Intestine Casings: food, surgical sutures, musical strings, sports guts, 
Prosthetic materials-collagen sheets, burn dressing, Heparin, feed. 

Horn & Hoof Horn meal, manure, Neats foot oil, Fire extinguishers, protein 
hydrolysate 

Hair/Wool Carpets, felt, upholstery, amino acid, brushes 

Stomach Rennin for dairy industry 

Lungs Heparin, lung meal 

Brain Cholesterol 

Bile Bile paste in detergents, cholic acid, deoxy cholic acid, chenedoxy 
cholic acid used in pharmaceuticals 

Fat Fatty acids, Tallow, pharmaceuticals, feed, food, cosmetics,greese, 
lubricants, soaps 

Pancreas Trypsin, Insulin 

Liver Liver extract, liver meal 

Adrenal Adrenaline 

Pituitary Pituitary hormones 

Testes Sex hormones 

Thymus Deoxyribonucleic acid 

Vitreous humour Hyaluronic acid 
Intestinal content & Stomach Bio-gas production, manure, Power generation. 
Contents 

 

In medium to large slaughter houses, it is essential to have a Rendering plant which would serve effectively 

to utilize the byproducts like bones, feathers, stomach, internal organs, fat, horns, hooves, intestine etc. The 

capacity of the plant should be selected based on the availability of raw materials. The machinery selection 

depends on the type of rendering preferred. Four different systems of rendering are in practice.  

• Batch Wet Rendering 

• Dry Batch Rendering 

• Dry Continuous Rendering 

• Continuous Low Temperature Rendering 
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Gelatine is prepared from Bone processing. Approximately 50 Kg tallow could be extracted from one ton of 

bones. Edible, pharmaceutical and photographic gelatine are made from Ossein and Dicalcium phosphate is 

a by-product in Ossein manufacture. 

10.2 Design of a Slaughter House 
 

(i) Terminologies used 

o Slaughter house – The building, premises or place which is used for slaughtering of animals/ birds 

for human consumption. 

o Carcass - The part of animal body that is used for meat. 

o Lairage - Facility of slaughter house where animals are delivered and restored prior to slaughtering.  

(ii) Classification of slaughter houses 

At present there are no official norms for classification of slaughter houses. However, depending upon the 

type of animals slaughtered the slaughter houses are classified into: 

• Large animal (i.e. cattle, buffalo etc.) slaughter house 

• Goat and sheep slaughter house 

• Pig slaughter house 

• Poultry slaughter house 

In order to assess the variations in pollution load with respect to number of animals slaughtered, Bovines 

(large animals) and Goat & Sheep slaughter houses are further classified into following categories 

o Large Scale - More than 200 bovines per day or more than 1000 goat and sheep per day 

o Medium Scale - More than 50 and up to 200 bovines or more than 300 up to 1000 goat and 

sheep/day. 

o Small Scale - Less than 50 bovines or 300 goat and sheep per day. 

 

(iii) Selection of  location  

A minimum site area of 2000 square meters will be required to accommodate all modules. In order to 

minimize the cost, rectangular shape and level grounds are preferred. The site should be free draining and 

not subject to water logging or flooding to avoid costly foundation such as pile or well foundation 

Points to consider in selecting a suitable site are listed below. In practice, compromises will inevitably be 

needed when selecting a site. 

• Distance from Urban Development: It should not be located close to dwellings, educational 

institutions, worshipful places and other public or commercial buildings due to possible nuisance 
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from noise, smell, congestion etc. Likely future commercial and residential developments should 

also be taken into account.  

 

• Accessibility: The site should be accessible from a permanent road to allow ready transport of both 

livestock and meat. 

• Water Supply: Adequate water supply is essential. While main water supply is to be preferred, well 

or bore water will also be suitable provided the water meets drinking water standards. Quantities of 

1000 litres per large animal, 100 litres per small ruminant, 450 litres per pig are desirable. In some 

areas it may be necessary to rely on rainwater collected from the roofs. (Under these 

circumstances water usage will need to be much lower than given above and ‘dry’ slaughter 

systems should be adopted. 

• Electricity: Connection to a public electricity supply is desirable especially if chilling of carcasses is 

being considered or on site water pumping is required. 

• Effluent disposal: Should have open ground with sufficient number of trees and vegetation mainly 

for irrigation purpose 

• Solid waste disposal: The site should have enough space for burial and biogas plant. 

• Rainwater harvesting 

• Adequate parking area 

(iv) Basic amenities for a slaughter house  

The slaughter house shall have the following essential facilities:  

Production Modules 

• Reception area or resting ground 

• Lairages  

• Slaughter building 

• Inspection area 

• Processing area 

• Slaughter floor 

• Dressing area 

• Service Modules 

• Administrative building 

• Doctor’s room 

• Laboratory (optional) 

• Solid waste disposal 

• Effluent disposal 

• Fresh blood processing 

• Drying yard 

 



Short term course on Solid Waste Management                                                                          

 

Centre for Environment and Development                                                                                   CoE on SLWM, MoUD, GoI 96

 

• Storage facilities 

• Refrigerated room 

• Watchman shed 

• Toilet facilities 

• Internal roads 

• Storm water drainage 

• Water supply & electricity 

• Compound wall & gate 

• Rainwater harvesting 

• Parking ground 

• Site work & vegetation  
 

 

Meat Market 

(V) Description of Components 

Reception area 

 
It is at this place where animals or birds are received for slaughtering. A green ambience with trees and 

vegetation should be provided. Number and type of animal/bird received (eg: - 10 no: of poultry, 15 pigs etc) 

should be entered in the prescribed register. It is essential that crates and vehicles used to transport 

birds/livestock are thoroughly cleaned between collections, to reduce the spread of any infection which may 

be present. Unloading facility has to be there 
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Lairage 

Generally the lairage should be sized to hold the expected daily kill. This will allow stock to be held overnight 

before slaughter. In some special cases a greater capacity may be required although the holding of stock at 

the slaughter house for an extended period before slaughter should not be permitted. 

Lairage areas for each specific slaughter house should therefore be assessed relative to expected 

throughput. Pen areas required for each species are as follows; 

  

Species Area 

Cattle 1.7m2/head 

Pigs/Sheep 0.35m2/head 

Goats 0.25m2/head 
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It should have a covered roof with proper drainage system. Separate lairage to be provided for isolating the 

sick.  

Slaughter building 

Slaughter building consists of preparation room, slaughter floor, fresh blood collecting facilities, dressing 

area, hide and skin removing place, waste disposing area, skin storage room, meat delivery place, 

refrigerating room and staff room. There should be sufficient height for holding hooks & pulley block for free 

movement of the slaughtered animal for dressing. 

Slaughter floor is constructed with non slippery white granite or marble slab with sufficient gradient for 

collecting fresh blood in one point. 

Dressing area 

It must be impervious, of good quality marble slab, ceramic tiles or granite. Walls up to 1.5 to 2m from floor 

should be surfaced with approved quality white glazed tiles or equivalent material. Sufficient ventilation and 

lighting system should be provided. It should have adequate drainage system for draining out effluent and 

cleaning purpose. There should be rails with hooks and pulley block with suitable rust proof metal for 

bleeding, dressing and hanging of carcasses in slaughter house.  

Waste disposal area 

Waste disposal area should be near to the dressing area. The floor should be surfaced with approved quality 

white glazed tiles or other equivalent material. Sufficient ventilation system should be provided. It should 

have adequate drainage system for draining out effluent and cleaning purpose. 
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Skin storage room 

It should be near to the dressing area. The floor should be surfaced with approved quality white glazed tiles 

or other equivalent material. 

Meat delivery area 

This is the last point of the dressing room. It should have easy access to public and transportation.  

 

Administrative building 

The administrative building mainly consists of office, doctor’s room and toilet. The total area not less than 30 

sq.m  

 
 

vi) Liquid Waste/Effluent Treatment Facilities 

During the above mentioned operations the waste generated is of liquid and solid nature. The liquid waste 

should be washed away by safe potable and constant supply of fresh water at adequate pressure 

throughout the premises of slaughtering. The wastewater from slaughter house is heavy in pollution and, 

therefore, it should not be allowed to mix with the municipal drain system without pre-treatment meeting 

sewage standards. 
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The wastewater treatment system should essentially comprise of: 

(i) Self cleaning type screening or two stage screening (Bar type); 

(ii) Oil and grease trap 

(iii) anaerobic treatment; 

(iv) aerobic treatment; and 

(v) filter press for dewatering of the sludge 

Wastewater Characteristics 

Wastewater characteristics are essential for an effective and economical waste management programme. It 

helps in the choice of the treatment methods deciding the extent of treatment, assessing the beneficial uses 

of wastes and utilizing the waste purification capacity of natural bodies of water in a planned and controlled 

manner. The important characteristics are temperature, hydrogen ion concentration, colour and odour, 

solids, nitrogen, phosphorous, chlorides, BOD, COD, toxic metals and compounds.  

Table 10.2 

Different types of Slaughter house and treatment 

 

Sl.No Category of Slaughter 
House 

Essential Treatment 

1 Large Self cleaning type screening, anaerobic treatment, 
aerobic treatment and filter press for dewatering of 
sludge. 

2 Medium Two stage screening (bar type), anaerobic pond and 
polishing pond. 

3 Small Two stage screening (bar type), anaerobic pond and 
polishing pond. 

 

Screening 

Screening is a pre-treatment that consists of separation of floating and suspended organic and inorganic 

materials by physical process. It is used as the first step in all treatment works. A screen is a device with 

openings generally of uniform size for removing bigger suspended or floating matter in the sewage. 

Generally they are circular or rectangular in shape. Mainly three types - coarse, medium or fine screens are 

used.  

Bar screen is composed of vertical or inclined spaced at equal intervals across a channel through which 

sewage flows. In the wastewater treatment of slaughter house bar type two stage screening are used 

(Coarse and medium screen). 

Coarse screens have larger openings of 75 to 150 mm are often termed as coarse rack or trash rack. Their 

principal function is to prevent the entry of floating matter like logs, rags, carcasses etc. that is brought in by 

the flowing sewage.  Medium bar screens have clear openings of 20 to 50 mm. Bars are usually 10mm thick. 
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Oil and Grease Trap 

It should be placed before anaerobic pond. If not provided oil and grease forms odorous scums on the 

surface of the main treatment system. It blocks the main pipe line and also inhibits biological growth. It is 

rectangular tank with a difference of 0.3 m from inlet to outlet, so that the floating oil and grease will not 

come to the following treatment module. 

Anaerobic pond 

Anaerobic ponds are used for digestion of sludge mainly municipal sludge. Depending on temperature and 

waste characteristics, BOD load of 400- 3000kg/ha.day and 5-50 day retention period would result in 50 – 

85 percentage BOD reduction. Such ponds are constructed with a depth of 2.5 – 5m to conserve heat and 

minimize land area requirement. Usually they have odour problem. 

Filter Press -Dewatering Operation 

A filter press is a liquid-solid separation device used to reduce the volume and weight of a slurry waste or 

process stream by separating liquid filtrate and solid filter cake. This process is often referred to as 

dewatering. 

The operation of a filter press is a batch process. Depending on the particular application, the filter press 

may be used to recover the solid particulate, the 

liquid stream, or both. 

The filter press accomplishes dewatering within a 

series of chambers into which process slurry is 

pumped. Filtered liquid (filtrate) passes through 

filter cloths and exits the press leaving behind 

filtered solids (filter cake).  The filter press is then 

opened and the filter cake is discharged by gravity 

as each plate is shifted. 

Duckweed Pond Technology 

It is an earthen basin, preferably lined, where duckweed plant grows and covers the entire water surface. 

This system can be used in secondary or tertiary treatment. It requires nitrogen, phosphorous and 

potassium for growth. A uniform cover of duckweed cuts off penetration of sunlight into the water thereby 

eliminating the growth of algae and aquatic plants which could have consumed the nutrients. The excess 

duckweed biomass should be harvested and the fresh one can be introduced into separate fish pond to 

grow fish.  

Advantages 

• Minimum use of mechanical equipments 

• More eco-friendly 

• Capable of generating revenue 

• Simple to construct 
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MODULE 11 

 
 

STRATEGY AND FRAMEWORK FOR SWM 
 

11.1 Concept and Strategy 

The urban solid waste management involves two integral elements, viz, (i) the ultimate disposal of waste 

adopting any of the approved methods appropriate for the type of waste generated and (ii) the community 

action that leads to the proper handling of the waste from its source to the disposal point. In Solid waste 

management the primary measures are collection, segregation, storage and transportation of waste while 

disposal of the waste constitutes the secondary measures. The primary measures generally involve social 

aspects that necessitate community action whereas the secondary measures are by and large technical.  

In the urban scenario waste is usually generated from the following sources: 

• Households 

• Hotels & Restaurants 

• Shops & offices 

• Market Stalls 

• Marriage/town halls 

• Hospitals/industries 

Though waste is not generated directly, public places such as roads, bus/railway stations, parks, beaches 

etc that are exposed to the pressure of commuters are potential places for waste accumulation. It is 

essential that the solid waste management system should encompass an effective and systematic 

mechanism for the collection, segregation, storage and transportation of the waste generated at these 

places. A typical sequential action for implementing a solid waste management system in any urban body is 

given below. Since people’s participation is vital for sustenance of the system participatory methods should 

be adopted to the extent possible: 

• Collecting the Baseline Information: Information required for preparing a proper plan such as area, 

population, number of households, number of divisions (wards), number of zones/circles etc 

• Collecting information as to the type, quantity and characteristics of waste generated. The activities 

involved are (i) waste quantification survey for all the constituents of waste to assess waste 

generation at houses, commercial establishments and markets; (ii) estimation of waste collected 

(iii) estimation of waste transported (iv) estimation of waste recycled (v) physical-chemical analysis 

of waste generated 

• Understanding the present situation: This includes the existing mechanism for primary and 

secondary collection, the transportation system (availability of transfer stations   and vehicles-both 

private and departmental vehicles), availability and adequacy of staff and the disposal methods. 
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• Understanding the key issues: The issues generally observed in the context of SWM are absence 

of segregation and storage at source and absence of organized primary collection; absence of 

need based schedule for sweeping; existence of exposed system of secondary storage; 

overflowing secondary collection points; irregular collection and multiple handling; absence of long-

term, secured landfill; incompatible vehicles and equipments; low community/NGO/CBO 

partnership; manpower inadequacy; weak institutional set-up; absence of financial planning; and   

environmental and heath issues. The other issues to be taken into account are lack of awareness 

on the necessity of scientific waste management, poor civic sense of the people, weak political will, 

inefficiency and lack of motivation of staff, absence of law and law enforcing mechanism etc. 

• Draw up a feasible management system which identifies and explains the sources that generate 

waste, the collection and transportation arrangements and the disposal mechanism. (see Fig 1) 

• Evolving proper strategies for scientific waste management 

• Preparation of Solid Waste Management Plan and Cost Estimates: This can include site profile and 

design approach, layout plan of proposed waste treatment and disposal facility (including 

composting, landfill etc) 

• Capacity building and implementation 

• Operation & maintenance 

• Monitoring 

 

 
 

 
Fig.11.1 SW Management System 
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11.2 Strategies for Management of Social Issues of SWM 
 

 
Component Strategy Target Responsibility 

Segregation and 
Storage 

Segregation (biodegradable, 
non-biodegradable) and 
separate storage at source. 

Two separate bins will kept for 
biodegradable (Green color), 
non-bio degradable (white 
color) generated in all premises 

Cover all premises through a 
continued and organized 
awareness creation, motivation 
and subsequent enforcement 

Those  who 
generate waste 

Primary 
Collection 

Door step collection /Kerb / 
block of segregated and stored 
waste  

Direct collection from non 
domestic bulk generators. 

100% door step collection  ULB, through 
agencies like 
Kudumbasree, other 
NGOs, residents’ 
association 

Street Sweeping Cover all roads/streets and 
open spaces; and  

cleaning of drains (below 60 cm 
depth) by the sanitary workers 
in the afternoon. 

Daily coverage of dense 
commercial areas;  

Sweeping on all days including 
Sundays in city centre and 
market area; alternate day 
coverage of medium density and 
dense housing area; and weekly 
coverage (twice/once) in other 
areas. 

ULB, through CLR 
workers 

Secondary 
Collection  

Abolition of  all open collection 
points by placing containers –
separate for organic and 
inorganic; and 

Direct transfer of waste from 
primary collection vehicle to 
containers 

100% coverage with provision 
for 30% additional storage 
capacity to prevent overflow; and 

Paving all container stations. 

ULB, through 
collection vehicles 

Direct Collection  Direct collection of waste from 
large hotels and restaurants, 
marriage and function halls, 
hospitals, construction waste, 
slaughterhouse, etc. by 
deploying exclusive vehicles for 
the purpose. 

100% coverage; and 

Bi-weekly collection of bulk 
waste /garden waste from 
domestic area on pre-fixed days. 

ULB, through 
collection vehicles 

Transportation ‘Container Exchange System of 
Transport’ that transports 
organic and inorganic waste  in 
dumper bins to compost plant 
and landfill site respectively by 
using dumper placer vehicles 

100% removal of organic waste 
daily; 

Need based removal of 
inorganic/ inert waste without 
allowing overflow 

ULB- 

Daily collection in 
transportation 
vehicle (covered 
tipping truck) of 
premises under 
direct collection 
system and direct 
transportation to 
disposal site. 

Treatment Treatment of organic fraction Centralized compost plant  

Localized decentralized vermi 
compost plants  

Bio-gas units 

ULB- 

Directly or through 
competent agencies 

Landfill Engineered landfill for inerts 
and compost rejects 

Remediation of all ready 
accumulated waste; and 

Development of sanitary landfill  

ULB- 

Directly or through 
competent agencies 
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               11.3 Source Segregation and Storage 

 
Storage Bins 
 

Storage of Segregated Waste Source 

 Food  & Green waste  (Green Color Bin)  Non-bio-degradable(White bin) 

 House Holds  10-15 litres capacity bin with lid  A bin or bag of suitable size 

 Hotels & 
Restaurants 

 60 liters capacity-LDPE/HDPE bins  A bin or bag of suitable size 

 Shops & offices  Suitable container not exceeding 60 liters  A bin or bag of suitable size 

 Market Stalls  40-60 liters bin-LDPE/HDPE   A bin or bag of suitable size 

 Marriage/town 
halls  

 Dumper Skip  A bin or bag of suitable size 

 Hospitals  60 liters bin for food & bio-degradable waste  Store as per Bio-medical Rules 1998 

 

The ULB will supply bins for households in first year & subsequent replacement will be by household.  Non-

domestic sources shall purchase bins at their own expense. The IEC plan will be designed to create the 

desired behavioral changes for storage and segregation of waste. 

 

11.4 Primary Collection 
 
The Framework 

Coverage Area Primary Collection Vehicle Secondary Storage 

 Door to Door collection (Kudumbashree, NGO, Residents’ Association-RA etc) 

 Residential colonies high 
density in gentle terrain and 
within a radius of 500 m from the 
secondary storage 

 Hand cart with bins - green 
color for Bio-degradable waste, 
black color bins for recyclables 

 Peripheral area covering a 
radius of 2000 m from secondary 
storage 

Auto three wheeler  

• Bio-degradable in dumper 
container 

• Non-biodegradable-Sell or 
dispose in black container 

 Kerb/block collection (ULB)  

 Settlements of narrow access, 
commercial area (small shops) 

 Auto three wheeler    Transfer of waste to dumper 
containers 

 Direct Collection System (ULB)  

 Hotels / restaurants / Hospital-  
non infectious/Garden waste. 

 Closed vehicle (Tipper trucks) to 
collect biodegradable 

 Direct transportation to treatment yard.

 Construction/demolition waste  Container /tipper truck  Direct transfer to the landfill site. 

 Street sweeping  Sweepers cart with litter bins  Direct transfer to container-short 
distance 

Transfer to Tipper auto-for long 
distance 
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11.5 Operational Modalities 
 
Roles and Responsibilities 

 ULB 

  

i. Procuring hand carts and issuing to collection groups (Kudumbasree/NGO/RA etc)  

ii. Providing subsidy to procure auto tippers 

iii. Provide support to obtain loan assistance*  

iv. Organize and train collection groups*  

iv. Prescribe user fee in consultation with Community 

v. Monitor activities 

 Kudumbasree units/NGO/RA etc 

  

i. Enter into agreement with ULB & community groups 

ii. Procure vehicle /equipments 

iii. Organise door step collection system 

iv. Maintain the vehicle and equipments 

v. Collect user fee as agreed 

* Where agencies like State Poverty Eradication Mission (SPEM) exist, this task may be assigned to them. 

Street Sweeping & Drain Cleaning 

There will be places with high concentration of people (e.g., markets) where daily sweeping/cleaning will be 

required even on holidays. At the same time some areas may require cleaning/sweeping on alternate days, 

once in three days or once in a week only. Hence beat allocation and scheduling for street sweeping and 

drain cleaning should be as per requirements. 

 Secondary Collection & Storage 

 Identifying secondary collection points and setting up of container stations at all important locations 

of the city 

 Direct Collection of waste from Large and Medium Commercial Establishments  

Transportation 

 Daily transportation of organic waste to processing plant  

 Transportation of non bio-degradable waste at regular interval to landfill site based on waste 

accumulation at each containerized secondary storage facility; 

 Direct transportation of construction waste to landfill site/ for land reclamation; 

 Direct transportation of hotel, hospital waste(non infectious), to treatment/ disposal site; 

 Direct transportation of garden waste on pre-notified days to compost plant; and 

 Direct transportation of street sweeping and drain cleaning waste to landfill site. 

Man Power Requirement 

 Collection workers and auto three wheeler drivers for door to door collection- to be mobilized by 

Kudumbashree/NGOs/RAs etc 

 Workers and drivers for street sweeping, direct collection and transportation- to be mobilized by 

ULB/Kudumbashree/NGOs/RAs etc.   

 Supervisory and administrative staff of the ULB. 
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Infrastructure requirements 

• Dual Dumper Placers 

• Covered Tipping Trucks 

• Open Trucks 

• Container Carts  

• Auto tippers 

• Litter Bins 

• Other Implements – Wheel Barrows, Shovel, etc. 
 

Waste Processing and Disposal 

Site Profile 

• Identify the most suitable site (initial consultation with community will avoid future resistance).  

• As far as possible avoid sites which is surrounded by residential settlements. 

• Consider future requirements while finalizing the site. 
 

11.6 Approach for Waste Disposal 

• Development of centralized waste processing plant where there is ample space  

• Development of localized decentralized waste processing plants where there is scarcity of space 

for waste disposal. This can be a viable option even if there is sufficient space for centralized plant 

since this is in line with the proximity theory of waste management  

• Setting up of bio-gas plants at the markets and slaughter house areas  

• The waste processing plants will process the organic waste through aerobic composting process 

and the landfill receive the inert matter and the rejects from the compost plant and decentralized 

plants 

• Prevention of ground water contamination, with adequate containment measures 

11.7 IEC PLAN 

Solid Waste Management is an activity in which volunteerism and public participation are the keys to 

success. It is not the technology but public attitude and behaviour that are going to make the difference. An 

IEC Plan focusing on solid waste management will therefore basically aim at the following. 

• Creating behavioural change for scientific waste disposal. This will include (i) adoption of the 4R 

concept-reduce, reuse, recycle and recover the waste (ii) storage and segregation at source (iii) 

imbibing the civic responsibility of keeping the premises clean (iv) willingness to accept the civic 

responsibilities of citizens, and (v) willingness to part with the ad hoc approach of unscientific solid 

waste disposal. 

• Awareness creation on the dangers of unscientific SWM. E.g., (i) health hazards (ii) aesthetic 

damage. 

• Awareness creation on the various technical options of solid waste management.  

• Exploring the possibility of converting waste as a resource. 

• Proximity theory of SWM. (Scientific disposal of waste at the nearest point of source. E.g., biogas 

plant at a market; composting at households etc.) 

• Willingness to pay for services. 

• People’s participation and cooperation at all stages of waste management. 

• Community adherence to rules, orders and directives 
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• Adoption of integrated approach. The institutional mechanism created for collection and 

transportation of waste could, in return, be used for sale of manure manufactured at the compost 

plant, etc 

11.8 Role of NGOs/Residents’ Associations 

NGOs and Residents’ Associations can play a vital role in SWM. Some areas where they can effectively 

work are indicated below: 

• Organizing neighbourhood groups (NHGs) and imparting motivational training for storage and 

segregation of waste 

• Organizing waste collection groups 

• Propagating the 4R concept 

• Propagating the proximity theory 

• Organizing, training and equipping the rag pickers as door step waste collectors.  

• Generating demand for household level waste management options like vermi composting and 

providing skilled services in setting up household units.   

• Sale of manure form the compost plant by organizing the cultivators/ horticulturists 

• Discouraging use of non-degradable/non-recyclable items 

• Organizing awareness creation/training programmes 

• Establishing community vigilance system to ensure, sustain and improve the SWM system 

 

Apart from the positive health impact, solid waste management is a clear indicator of the effectiveness of 

municipal administration.  It is an integral part of good governance and one of the most visible urban 

services influencing local perception of governance. 


	Waste management is the collection, transport, processing, recycling or disposal, and monitoring of waste materials. The term usually relates to materials produced by human activity, and is generally undertaken to reduce their effect on health, the environment or aesthetics. Waste management is also carried out to recover resources from it. Waste management can involve solid, liquid, gaseous or radioactive substances, with different methods and fields of expertise for each.  
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